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TI TLE OF THE | NVENTI ON: FREE RADI CAL | NI TI ATOR I N
REMOTE PLASMA CHAMBER CLEAN BACKGROUND OF THE

I NVENTI ON [ 0001] In the electronics industry, various
filmdeposition techni ques have been devel oped
wherein selected materials are deposited on a target
substrate to produce 5 el ectronic conponents such as
sem conductors. One type of film deposition process

i ncl udes chem cal vapor deposition (CVD) wherein
gaseous reactants are introduced into a heated
processi ng chanber, vaporized and filns fornmed on the
desi red substrate. EEE QR -B'ég 'UVENTIQN'deposi tion
procesFrEE MADICH. INIPATOFEMNREMEST ECPEASIAAICHAMBER CLEAN
deposition (PECVD), and alternate vapor deposition
(ALD). 10 [0002] Generally, all methods of film
deposition result in the accunul ation of unwanted

films and parti culBAEGROMNDOE T5IE NMENHOY ot her t han

@Pfarget substrate, that is, the deposition
il iai's K ibe elestroaies inslystn yaiipys tim C{G@Sﬁ'tl%ﬁcﬁwsges have been

Wﬂ%@reeﬁ@@e@&d rRAtBRAls BFERITREd Sﬁrﬁlté}lj&dsdbgtrét@% produce
E‘SI'[I on process. These unwanted solid residues can

REIFRYEC EPBPINEALS BIChAFSeRieoNdHetPe 179 type etfilardpprsition process

|ﬁ§l\/)§és SItRtAINAPSF ééﬂbbﬁBﬁ YC@n) \Wﬁéﬂe n]gfés@é tahPs are introduced into
g03|t|on process performance l'oss

herige Presessing caamigyy kapasized apd elmﬁjpm%ors theidesired substrate.
(th%r fpes oﬁhlﬁpdéb’t‘ﬁtlbh ﬁl‘c%e@ié‘s lﬁéIQde le@mQ %Hﬁﬁﬂéeti%emlcal vapor

reactor 1nterna surface, ep03| onto a

W@e@ c%‘agphgﬂna@upﬁ@t%\éap@cﬂgposut@odsw)t is vveII
8ept ed that deposition chanbers and equi prent nust
[aé per i odPERERYY. all mathagistad filnk Herasitionvesittda the accumulation of

Lﬁ'ﬂ\mn?éﬂ fildk l2RE pak t
grobl ens asasoglg alt%gglté ngéggvlg cﬂétﬁ‘ﬂaée EﬁeﬂhSHﬂﬂ% %Qsﬁts‘ﬁrate that

gBe depaesitianamalerials a!ﬁ@lqoﬁ%m@ﬁé%@ﬁ"?c ﬂ%ﬁuwewusceptors and on
iRt iqaipnYer ApRYyES th ffﬁﬁtdéBQStﬁ’c;n g&dy PﬂheQ@ Bﬁﬁéﬁtba Qolld residues

tools i nvol ves "the use of pertluorinated conpounds

capgepaage the fgactowﬁece characteristips apd B pasyes coaﬁmgmfttmlerwy as well
a8l IeRNio b pasiasH Erocggﬁﬁtﬁfo?rﬁﬁﬁééénffseﬁﬁd Io‘é‘%hh Bﬁcﬂéﬂ‘%’éﬁ egmreover

filmdeposition products on er wal
ageyraplated folidesridues @lsogam flgke @6 u@m f@gud@mtron reéctor internal

sUAh@d, iah@ deBBsitdifs b Wafer JUFaSR AR déRlk en is
swept from§§she processi ng chanber. [0004?Ee P{asma

[00039”' ng ofis W%%@Bétﬁﬂedjﬁﬂt?&éddsﬁfﬁn rcﬁ§ﬂn9é‘r%%nh%c@£ment must be

‘Pf;%l) comerci al process. There are two
PEEoFIEA)l cipanedip %e&cr%tnrﬂ@ﬁtedr@mnaﬂnsmoslmre@ntealﬁ@ and prevent
thd probRiREBosiaRaMerbWith. TR kindRk 8RARinG bF&Rtion is often called
ﬁluoro conpound pl asnmas are
chamber cleaning. A generally preferred method of cleaning deposition tools invoives
the use of perfluorinated compounds (PFC's), e.g., C,Fs, CF,4, CaFg, C4Fs, SFg, and NF;
as cleaning agents. These species react with the unwanted film deposition products on
the CVD chamber walls and other equipment and form gaseous residues, i.e., volatile

species. The gaseous residue then is swept from the processing chamber.

[0004] Plasma cleaning of unwanted deposition residues is an accepted
commercial process. There are two ways to achieve plasma activation: remote plasma
clean and in situ plasma clean. in in situ plasma clean, fluoro-compound plasmas are
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-1 generated inside the same CVD reactor. In renote

pl asma cl ean, the plasma chanber is outside of the

CVD reactor. Renote plasma chanber cleaning offers

several distinct advantages: |ower CVD reactor

damage, higher feed gas destruction efficiency,

shorter clean tinme _and hi gher production throughput.
Aeserated inige fiea sanse CVErepslor.cingamokyplagrae clgansthe plasgipschamber

ﬁ’féutliﬁs%f Y cUBWed GO Hethte %leHﬁ'Er%ﬁm bkhﬁﬂ %ﬁéré dbveral distinct

ose | nstances ere i1 n asma cl eanl resul
iadvantaeess i loweeCVDiragctor dmgeab@@er feedigas dggtr@qlgn ﬁfﬁ@iﬁncy, shorter

L:Qe%glme% f?h ﬁg{]’ﬁc{l’ El‘u mu@fplﬁ CRRbE {% v@@l’%ﬁgéﬁ ft?g:'(leéégung reactor

resides in at 'a arge par
systems| desigpedéat iow terheerpluesiifn dppositian and irelbosd instancas where in

3 pBSpe ciorkil S¥ul'E s it Bl B gguipment
TOREIA0 9%5d B Blchfbrd £ HatoNhob ik By rbiasd Athe foct that

largelpalt at thedreaf rapicals desesl in thie plasmal gpnenatarmconibmé intavan inert
U ani ng of, .. .
IR e ket G BB RN be TGS L fytBtangiaLporton of the
mamwngaﬁ @rwadted kesuithgrirplamaltmz&hooleéfaﬂmm. of cold-wall

CVD chanbers. The process is carried out, in situ,
[0006] noi sfThedolfowireg rEferensedi dre dinstratPeed protgssds for ihesieposition of

BB e RBBC 6 BBt p i B olt BhpE cpproers
[R07E qos” UES BeT gat LBRuR plok38 of o0y BLfagre cieaning o
mldmayeﬁi\/l_ﬁ chémbensi Jbe peddess isnertied Mtumrs/td,e.,mdeu hfoisture free
AR iU S AL et fiploion.
siicasinitide, siiconC@ie] ahiSrelrabdy mfﬁﬂalsj ititariiuos, dengsten anktheir silicides is
St SBELR B2 e 008, B
hexafigorige, and catbon tetcdflearide: aEg etchiag obchaneber satigtrarmaliynat
%n@}e Ll%gtdeSO%Hagéﬁseého D process, the wafer, and

e

or susceptor ained at a tenperature from

o 500
(gadet 0 oe tugﬁ@‘?%%ai eﬁcq%‘%%ngﬁéf%%%g’ i 4EloPf Bt of tungsten
om QE%&E@ganicoom@mnclawlg@me &em‘gce oB6k Ivafer ansltchnstarring to a

' on,th r_and NF3
ot eSO P08, T e R indSien 4V RrcRBss. e water,
ahddwse e dusclsepmrps ;malmitaneo:j axLa mmmtmglffav@ssdnm[ T when using H;

usi.n F3 as 0 an H2 asnma 0009] GB

GAL g‘f&}'@mgfeaéi B g 004 oA QRS Wherngsing SiHaandhe Feductng gas. A
Halcereni doataiiingy&s, e.g., BCl; is 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 CVD chambers using NF; plasma followed by an H; plasma.

[0009] GB 2,183,204 A discloses the use of NF; for the in situ cieaning of CVD
deposition hardware, boats, tubes, and quartz ware as well as semiconductor wafers.
NF3 is introduced to a heated reactor in excess of 350 °C for a time sufficient to remove
silicon nitride, polycrystalline silicon, titanium siiicide, tungsten silicide, refractory metals
and silicides.
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deposi tion hardware, boats, tubes, and quartz ware as

wel | as sem conductor wafers. 30 NF3 is introduced to

a heated reactor in excess of 350 Cfor a tine

sufficient to renove silicon nitride, polycrystalline
silicon, titaniumsilicide, tungsten silicide,

refractory netals and silicides. -2 [0010] US ]
f001®Y, 155, UK64390853U8 6:048,830 @1dI3S 6352, Q5di (divisianrpf830) disclose

RtaSIEES e Sene R g i30T AERERNEY endiB ) 2 B and

deliecial sadicals toda downstesam pmoe%@ambmbMore pibicient delavery of oxygen

85 S0TW italdS ftethy BY ibe A abrieitiBls MinohAtEfion fioe to

miuhimri]a*eoreﬁombimah@rzef madicalstin raieé tothefproceds chdmbém In obe embodiment
e ocess _C

eSS B RER A Eleus bR oBF Al Bimah ki gt e

paseseamamibert he process chanber. [0011] WO 99/ 02754

di scl oses a nethod and apparatus for cleaning a
pcartper eMpO@ROL764 diselvses aduethad apd apEesatus for cleaning a chamber

dil uent .gas i ed wt haflwof radi ca

Bt P Bmiandleliprafasting, & eftaddsiy Mifebtafioy of radicals
pi’oeluped)bgeaﬂawa:gmébﬁbr reﬁi’c@ely pispssnte thé ptdcessm\g?crﬁargta@' The
Ip%g&n%engﬁb%}/n%dqsgn eglv?rfeacpgsrﬁa? @%ﬁ% |nL§ssstc§es?rudzon c% the
IO rGiHle 280 sdifsedsoses apparatus for the fabrication

of sem conductor devices, including formation of

[iodREct ri cUS 20004/01h 5936 @istissessdppapiutyr gedfabAdationlor

SRR S e e e Theeid Lo o

whies aad charabermrgeaping. CVD process chanbers and equi prent
from unwant ed deposition byproducts forned on 20 the
wal | s, surfaces, etc. of such deposition process
chanbers and equipnent. In a renote plasma cleaning

process, a reactantg] # t gener at or

and a plasm of fr%gmmg%%iﬁg"ﬁéeﬁzWromthe

reactant. The plasma is delivered to the CVD process
[OR%#ber doVinis inveatinrofelatéetoEndapeogearest it the rerfibie plasma cleaning of

I FRSERE hos  SBkor  R B OG80ed By rmos o
ths walardvdacess atod of sueh depdsition pioness ctiambecspad bguiphent. Ina
oot Bdsrhh SRahAG pFleds! £'realdanPls &R ERES 185 plasma generator and a
plasma of free radicals is formed from the reactant. The plasma is delivered to the CVD
process chamber downstream of the plasma generator. The improvement in the remote
cleaning process resides in delivering a free radical initiator to the CVD process
chamber, said free radical initiator capable of forming free radicals in the presence of
said plasma. Typically, the free radical initiator is combined with the plasma and the
combination delivered to the CVD chamber.

[0014] Several advantages can be achieved through the process described here
and some of these include:

an ability to reduce the cleaning time through optimization of a reduced
temperature chamber clean;
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said plasma. Typically, the free radical initiator is
conbi ned wth the plasnma and the conbination
delivered to the CVD chanmber. [0014] Severa

advant ages can be achi eved t hrough the process

descri bed here and sone of these include: 30 an

ability to reduce the cleaning tinme through _
opti m zat i an abifity4o eatianeedthe remetemiaamaclearing et samieamductor

o caehsiobbrb s BAARBES tysh R iaBlcaRRafohe B bubiréts the
ettt yserr it
?o r_e\g@t‘ F%ﬂ‘"f@én?%é %ﬁ_&r—:&%gﬁv\ant ed ?esi glue? 5 an a]?i Ioi ty

ta?omd”'r L”cS%ﬁh@?ﬁéﬁﬂ“ﬁﬁ#ﬁ%@%ﬁ%ﬁmﬂ'e’mﬁ'af%m

resi dregombirtatien,(Eiooki reactionpwiticersgant sivieie im giby process
of 11 TP 3ot e REvecR i A8y ot iatt g by Bfignat efiiency
r educef ahaateanikagingsaidon fromthe effluent fromthe

deposition 10 process chanber, and thereby reduce the
| oad and carsabibity to eslLica méackird tearissian fram dhereffiuentZem the deposition

toxic em_ssions., ,BR EF | PTI THE DRAW.

15[ RIDBSes e e AT oDk FBREA Ped A tar! LTy Aogtement
pr ef eancealingmize doxicegds erissioas.pr esent i nventi on.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] In the

manuf acture of sem conductor integrated circuits (1C),

opto 20 el ectronic devices, and

m cr oel ect r o- re @RBF ©EHSCRISTENN QAVENE DRAWING pl e st eps

of thin filmdeposition are performed in order to
construct several conplete circuits (chips) and

devices on nonolithic substrate wafers. Each wafer is
[0015in Trepdrawingds aistheraatusiitisttayion bf a pleférrdd émbodiment of the present
ir‘f\%'?lﬂg tor films, such as tungsten; sem conductor filns

such ds undoped and doped poly-crystalline silicon
(poly-Si), doped and undoped (intrinsic) anorphous

silicon

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the manufacture of semiconductor integrated circuits (IC), opto-
electronic devices, and microelectro-mechanical systems (MEMS), multiple steps of thin
film deposition are performed in order to construct several complete circuits (chips) and
devices on monolithic substrate wafers. Each wafer is often deposited with a variety of
thin films: conductor films, such as tungsten; semiconductor films such as undoped and
doped poly-crystalline silicon (poly-Si), doped and undoped (intrinsic) amorphous silicon
(a-Si); dielectric films such as silicon dioxide (SiO,), undoped silicon glass {USG), boron
doped silicon glass (BSG), phosphorus doped silicon glass (PSG), and
borophosphorosilicate glass (BPSG), silicon nitride (SizN,), silicon oxynitride {SiON) etc.;
low-k dielectric films such as fluorine doped silicate glass (FSG), and carbon-doped
silicon glass (CDSG), such as “Black Diamond”. Thin film deposition can be
accomplished by placing the substrate (wafer) into an evacuated process chamber, and
introducing gases that undergo chemical reactions to deposit solid materials onto the
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25 (a-Si); dielectric filnms such as silicon dioxide
(Si ), undoped silicon glass (USG, boron doped
silicon glass (BSG, phosphorus doped silicon gl ass
(PSG, and borophosphorosilicate glass (BPSG,
silicon nitride (Si3N4), silicon oxynitride (Si ON)
etc.; lowk dielectric filnms such as fluorine doped

wafer sarfasegiSuch A depgpitionntPcess i@ﬁmﬂ%p@mip@hwap@bfaﬁ@sai@g (CVD} and
iégﬁ.@%\% vaé;%‘fi‘éﬂs @&cl'] & ﬁéﬁ\i@g@pl R ositid L%L@Ldbn?t ;?i’&;e:hﬁeﬁ bhHdeed

acconpl 1's I'ng t
¢heaiieal vapor depesition §eE@VBH process chanber, and
i ntroduci ng gases that undergo chem cal reactions to

[968T5i t soAs etatedt previalisly anvantestdepositiah prodsiatstare éormed on the
S e BEREbld al REBRE  RA  s b 885schamer
'ﬁtamej.ecofl ragnete pﬂagna icteianing (CACDD prodessl charmbeesioa semaigonductor
Ak ey BB BB EFEWPln shEBH afBephthif sypeess
thbeleabinggirbcessy 4 doe sf aseautdnt saitedfohprodadng freemadicals capable of
Ba g Qe R BRTRAEAER o0 BN fonorfl? 156 Blosma
gemeraton free radicalé ate ¢reated dromethd reaptaniiseppliedahéreto and the free
SRR IAG R 28955 R BTPUBYSEs Hebbod A5G g G pactant o
frono dboutrid0f- 15000 sectn dathe plagrad enariitor iseaimarg Wit h t he

unwant ed deposit is charged to a plasma generator. In
[00tB]p| asneRd4tayds ar the @asedusdorm ach comhraorly @sed imad /ehote plasma

4R bR SBE oL DBETH8 AP BB v recca
cahderreated, d.4.0volidstanddifjuide atdychet usetl. Coneentinalteadt@bts-for remote

ettt 85Ah A ieoor G PR T e S pings

costairting faxiea Such daaimecompnuads reddily oregte eabibve ffawr radicals (e.q.,
f . conpounds,.from whi ch, free radi cals 5

PR P8 BT o RTRBEART lyh AR Welh SlherGr b Ry reactant

compeends ioclatle PEQX suthasffluoring mittagen plifionide, beatiorgnéthane,

n.containi.ng conpounds .and geperal |y ounds .
e Rk Brh eSBRe SEhIBRe S kBHGr natr R At hgrae,
ozydifucridecavod ¢hierofrifileerideadi cal s (e.g., F.) in the
pl asma generator and thus are well suited for
[@1S3ni ng].c lllmseqmearnyc_:hairﬁnnnsamt cf_e??inpﬂygﬁmni sittidamcl endPEiiten dioxide
fluorine, nitrogen tr uor i , .
AR e sonlal R ainl e 3BpWA B the following reactions,
regpeativielyor opr opane, oct af | uor o- cycl obut ane, sul fur
hexaf | uori de, oxydifluoride, and chlorotrifluoride.
W(s) + 6 Fe > WF(g)

Si(s) + 4 Fe = SiF4(g)
SiOx(s) + 4 Fe = SiF4(g) + O1(g)

[0020] Among the fluorine containing compounds used in remote plasma
chamber cleaning processes, NF; is the most widely used. With adequate power, NF3 is
nearly completely dissociated in a plasma generator and a large amount of fluorine
atoms or free radicals (Fe) are transported into the downstream CVD or deposition
process chamber for effecting removal of the unwanted residue. The conversion of NF,
to a reactive free radical form is illustrated by the equation 2NF; & N, + 6Fe.
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[0019] Illustrative mechanisns for cleaning tungsten,
silicon, and silicon dioxide residues using a

fluorine containing reactant are shown by the

followi ng reactions, respectively: 25 Ws) + 6 F. 4

WF6(g) Si(s) + 4 F. -4 SiF4(g) SS2(s) + 4 F. 4

Si F4(g) + 02(g) [0020] Anong the fluorine containing
[9bunds dssighificant portipe Obﬂ’@sfrm radibalahrmel ie #he pigsma generator,

Bﬁ%&ﬁ' éﬁégy MJthrfg%t&ns IHIQ Yih@ﬁ‘{eyqdﬂiﬁg%e tyglfv@ryatg?ﬁéjﬂ‘ﬁcﬁ'me atoms

nea i Ssoci at
pt dranspaytation af the flmndnaatomsge traamtmmf atefaninigufeom the wmoie plasma

Bensraf AP B Brochan sbifod, B 1iHG WECURRodet8 phiamber. This's
stidvacby thg eqeatioralF eof th-bﬁp_lnvvant ed residue. The
conversion of NF3 to a reactive free radical formis

[aokakt r at ed hbyeddnﬁ)lmﬂjmbieomleﬁl\ﬁ&h 4s e fluddine . melécyl€OEFL], are not

o Bhelle S WL BT i, g, UBeb Rlbmlfef % FesPhd Eitnidpgsiton
(elsidues mad effbeting rd?t?g?ilggﬁh?fe??‘?se regg?fnanheﬂﬁéramre ke

BopRinein.dien it b A oS0iedie ot LRk AL Palipédiin reactant
ttiiieat@amt intles sleahingspeed rremoRd slgsrhd ehdtvbenulextss
chanber. This is 5 shown by the equation: F. + F.

m23p0221 rflimas beecw fdmgdehhtlmb eaulseppressm'h reeomlblaatlon ct)1f free
[ n& ecul es ive as.t

iRy BB 85 1e3gutd i il BT radicai, . Be b e
wur:odmoﬁep oba freo mad:camlﬁhiﬁoa@peéma;gbna@lly prmwalcoﬁta@ﬂwnh the
t he ces erefore
(R R 56 BEYR cRSher e, JMRe sdica A piarG fompounds
whicth tdrinl eefhee hadlc_ral . @actraoleci/atdm tHat 2%$ 8 mrelé Rikdtrdn it is not bound

eani eed. | er clean .
OB AHES Thediserauii e S0 A capppGL T gasly generates
orecwmhdmadteeaadiodls Maecﬁssdthdm adatiomton by headtion with recombined free
raggalsﬁi?%l! c"o%d&@ﬁg arof;:'ﬁﬁ arI qa&lgnug?;%ﬁagmrle%déﬁ%ejglggals include
fleg Qan €1 Bre netcg Examples\of free mdutab initendra ehat\wiah praddiee such free

PR 04 g n oo Ra S Bl PR HtadfRach as BiF

ClRdFGdaF, andd®F,. a nol ecul e/ atomthat has a free
electron that is not bound w th another atom The

[00243 r adi diustriativd metioanisthe or thedsregertionod svdnibadtion of free
r&&}éérls Yia9hL'EEE EF free radical initiators by the molecule XY and specific free radical
initiators form free radicals per the equations which follow:

_*

1. XY 2 Xe+Y
2. Ozone (Oy)
O3> 0e+ 0,
3. Homonuclear halogen free radical initiator moleculas:
Cl; & Cle + Cle
Br; > Bre + Bre
>0 +]e
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one or nore free radicals via dissociation reaction,
or by reaction with reconbined free radicals under
conditions of renote plasnma cleaning. Exanples of free
radicals include F., O, C.1 Br., etc. Exanples of
free radical initiators that can produce such free 20

radi cal s i nclude 03 (ozone), hal ogens such as

Br2, and 1%, Intwiealmrdg@]@d@atlnma@rmcﬂEcule@hanmereJX and Y are
and OF2. [004¢}, didd, &tﬁat?éde\ﬁeatﬁf%%'tﬁ%uéﬁqﬁsf}ﬁ and n are integer
prevention of reco i nati1on o ree radicals via

use of free rrammtmshmtu ators by the nolecule XY and
specific free r@ﬁi b Pktl ators formfree radicals

per the equations Whl c.h ol low 251. XY-)X +Y 2. Ozone

(03) 0340. +02 SBFGIn%rBJeI*eGh haI ogen free radical

initiator nolec e_? + d. 30Br2 4 Br. + Br.

124 1.+4l. -6 4. érha ogenfreeradlcal initiator

nol ecul es BmOxyiheridesX and Y are two di fferent

hal ogen at ons, érlu_.d_;éq: s_lgpscrl pts mand n are integer
2%

numbers 1-7. Cl 5Brd 4 Br. + . | Br
4 1. + Br. 5. O@ﬁﬂd-&dbtt&esc‘,lo OF24CF. +F. 0OCl2 4 OCl. +
ad. 10 6. oIFy(%f? Ildes CF31 -9 CF3. + 1|.

CF3Br 4 CF ®% SF5. + Br.

CFl -) CFao +le
CF3Br > CF3e + Bre
SF:;Br > SFze + Bre
SFsl > SFse + {e
7. Hypofluorites:
CF30F 2> CFze + FOe
CF5(OF); > CFx(OF) ¢ + FOe = CF,e + 2 FQe
8. Fluoroperoxides:
CF3;00CF; 2 CF30e + CF:0e
CF;0e 2> CFze + Qe
CF3;00F—> CF30e + OFe
9. Fluorotrioxides:
CF;000CF; = 2CF3e + O, + Qe

[0025] The free radicals generated from these free radical initiators can react
with fluorine molecules, F,, to re-generate free fluorine atoms or fluorine radicals per the
equation:

[0026] Xe + F; > XF + Fe where XF may further dissociate to generate another

Fe via the equation: XF - Xe + Fe

[0027] Some free radical initiators can directly react with reactant compounds or
molecules, e.g., F», to regenerate their respective free radical, e.g., fluorine atoms Fe.
For example, ozone and bromine can react directly with fluorine to generate free radicals
per the following equations:

O3+ F2-920,+0Fe +Fe
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SFSI 4 SF5 + I. 15 7. Hypofluorites: CF3CF 4 CF3 + FO
CF2(OF)2 -1 CF2(OF) . + FO4 CF2. + 2 FO 8.

FI uor oper oxi des: CF3000F3 4 CF30. + CF30 20 CF30 4

CF3 + 00 CF300F- CF30. + OF. 9. Fluorotrioxides:
CF3000CF3 4 2CF3. + 02 + 0 [0025] The free radicals
generated fromthese free radical initiators can react

25 with fl ¥eife MBredfies, F2, to re-generate free
fluorine atons or fluorine radicals per the equation:
[@aR8p] X. -Thedree radical ipitiatonearbxad ovag atwige range, although a

ﬁﬁ%q%i@&ﬁé@ ?‘nﬂté?or%] raleagarngla en\él' Fn gcgbg.l"[‘td. @.ggo 10:1.
tlevels ir gxaeeaot 10wt have sataftondedcsignificant advantag;a@ Typically, one adds
ﬁ’ fg&¢‘ ggfcggﬁit%ém dnjl: guf? % ggt:éerﬁé&géﬁf%emégg rf:%ﬁeec@rg?ecél{aé(r? rates and
czzntien affididocpniNiendbe reaetion rade oewtd 9f wiviantdd neeld_ua dalisdelow
SEHRD T B A hGEASs B 3het Bl MR 1t
thegmobledi ofahte Imhitatiebor can be added over a wi de range,
although a nolar ratio of free radical initiator to

[cmsl ant i Sodecittatd dryuridemstaadmgmf tBe prdcess fok @réventing recombination
i s TSP iehiagma e e 6L C S Ehatb iR Al Eitiary

equipmahp referense i madett thprdegding.i on to mai ntain
adequate clean rates and reaction efficiency. Wen
[a980} eact i d’herdm\engshom & QD provesy erdambes digsighad for producing a

P le@’v?f fgr%g [arnev ||c>$§v l{b&}l‘a egee Cq%\feﬁtl in eqa;?r%gﬂgpn\ﬁggﬁec{rﬂ@c devices. A
reruiié plasota gexteeatdn 4ristpiagedrupstream of CVD process chamber 2 and
communicates with connector 6. A pump 8 is used to pressurize or evacuate CVD
process chamber 2 with the effluent being removed from pump 8 via line 10.

[0031] In the remote clean process, a reactant, typically NF; or other fluorine
containing compound 12 is charged to plasma generator 4 via line 16. The flow rate of
reactant to the plasma generator 4 typically is from 100 about to 5000 sccm. Often the
reactant is mixed with an inert gas, such as nitrogen or argon, to better control the
reaction rate and temperatures within the CVD process chamber 2. In this embodiment
the mixture consists of 20% NF; in argon. The temperature and pressure in the CVD
process chamber 2 during a remote plasma clean generally will be from room
temperature to 700 °C and from 1 Torr to 760 Torr.

[0032] The free radical initiator source, e.g., 0zone, is supplied from site 16.
Optionally activation energy, such as microwave energy, for the free radical initiator
retained in site 16 can be supplied from source 18. The free radical initiators are injected
into CVD process chamber 2 generally downstream of remote plasma generator 4. More
specifically, the free radical initiators generally are injected into the connector 6 between
the remote plasma generator 4 and the CVD process chamber 2 via ports 20 and/or 22.
Multiple injection ports are used to optimize the effect of free radical initiators in
achieving an increased density of free radicals, such as fluorine radicals (Fe), in the CVD
process chamber 2 for chamber cleaning processes. Unwanted residue reacts with the
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[0029] To facilitate an understanding of the process
for preventing reconbination 10 of free radicals in
renote plasma cl eaning of CVD process chanbers and
ancillary equi pnment, reference is nade to the draw ng.
[0030] The drawi ng shows a CVD process chanber 2
desi gned for producing a variety of filns on various
fhudrint raitres gengratiyed volatilelspegiesdiibis ispacies issemovedas effluent via line
ﬂgvices. A renote plasma generator 4 is placed
stream of CVD process chanber 2 and 15 communi cates

BoLar e ot BY MRofapesaffel RuREr YRR presence o

foea lwildamm.lchcasffmerHtmsB(FvD m 4 C® drocedsGhaiibel ané ban enhance

BRERTREL Terno o SrdGeEbing s srnlifef rguaneur

ipbmawf@elrga"sammméutrllzatldm neduce. cohbemplianveifeédgad, reduce F;

AR R B e By e e e PoofiPas balbmant. pEgTal, s

imvdrhioarah rn@sl.tlt ig 3fgnifisattireagctioh tof G@edbsoof ergship {©O0) of remote
é&tter co tr t he reactlon rate and tenperatures

%%?ﬁ“%m ekﬁ&?TﬂQﬁ%ﬁ@“%hanber 2. In this enbodi nent
the m xture consists of 20% NF3 in argon. The
tenperature and pressure in the CVD process chanber 2
during a renote plasma clean generally will be from
room tenperature to 700 C and from1 Torr to 760
Torr. 25 [0032] The free radical initiator source,

e.g., ozone, is supplied fromsite 16. Optionally
activation energy, such as mcrowave energy, for the
free radical initiator retained in site 16 can be
supplied fromsource 18. The free radical initiators
are injected into CVD process chanber 2 generally
downst ream of renote plasma generator 4. More
specifically, the free radical initiators generally
are injected into the connector 6 between 30 the
renote plasma generator 4 and the CVD process chanber
2 via ports 20 and/or 22. Miltiple injection ports
are used to optimze the effect of free radica
initiators in achieving an increased density of free
radi cal s, such as fluorine radicals (F), in the CVD
process chanber 2 for chanber cl eaning processes.
Unwant ed residue reacts with the -8 fluorine atons
generating a volatile species. This species is renoved
as effluent via line 10. [0033] Summari zing, by using
a free radical initiator to sustain the presence of



free radicals such as fluorine atonms (F) in a CVD

process chanber one can enhance 5 the chanber cl eaning
reactions, reduce clean tine, increase production

t hroughput, increase feed gas fluorine utilization,
reduce consunption of feed gas, reduce F2 emssion in
the effluent, and reduce the load for F2 effl uent
abatenment. Overall, this irfueidMSon can result in
significant reduction of the cost of ownership (COO

of rehote Aprosasa fottheemotelplasmangeanieg ata 6WD process chamber

I I A . f r |
it 4 lotbeg oppaaOR BRI o bR IES Fafp 4RTTufcBER! Sbn process
dppoesitido chamber whidh comphisesiak lstepand sur f aces of such
process deposition chanber which conprises the steps:
5 chargi ng achagiotyanreattanitio@ plastaa generator,asaid plasria gleasnator located
gener at | ocat e pstre sai d CVD process

or am .of . sa

chanbd?® A8y 5 %ngé%‘%?ésgb?fﬂf’%ed of free radicals
o L B3 bk Bl o YR BRI 8 dhoant s
deposplasma gepsrathrchiel pasind cdpablegofaesctingtwithesakbemwarted deposition
therefrgrat 10 ﬁquVi di n@ ﬁ\ free r%di&éal Jnitiator
capati"adeits ARY Fre 2 ¥dafis apedles MEIRIGMier i ng sai d

0o 22223a”Smﬁﬁb%p_f%ﬁ%eeia%‘ﬂcéﬁfg‘ﬁtﬁo?s}‘féb%?5@#0?@%35*%5%@&
"onct e il s USDLA) 4F olBRE LR process
f r omchambe€vbdgrooadsionsfoaetiecting rbadion With gaicdgmeanted residue and

com A BRI ARY &1 co radi cal el ect ec

5 “The pr aeRSanGRR MiasPodadedror a2 oo Ffopdt”

15 hal ogen cont ai ni ng conpound. 25

2. The process of Claim 1 wherein the free radical initiator is a compound
capable of forming a free radical selected from the group consisting of Fe, Qe, Cle, and
Bre.
20 3. The process of Claim 2 wherein the reactant is a halogen containing
compound.

4. The process of Claim 2 wherein the halogen containing compound is a
fluorine containing compound.

25
5. The process of Claim 4 wherein the fluorine containing compound is
selected from the group consisting of fluorine, nitrogen trifluoride, tetrafluoromethane,
hexafluoroethane, octafiuoropropane, octafluoro-cyclobutane, sulfur hexafluoride,
oxydifluoride, and chiorotrifluoride.
30

6. The process of Claim 2 wherein the unwanted deposition product is
selected from tungsten, undoped and doped poly-crystalline silicon, doped and undoped
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30 4. The process of Caim2 wherein the hal ogen
contai ning conpound is a fluorine containing
conmpound. 5. The process of Claim4 wherein the
fluorine containing conpound is selected fromthe
group consisting of fluorine, nitrogen trifluoride,
tetrafl uoronet hane, hexafl uoroet hane

(tingic) ponerpheisasiliconpsitican diovide, dpdpees silighs glass, poion doped silicon

| | isd iB4tbigidse0silic®: nitride,
QEEGhSBHHS: ool e s ataLe o
sligeosixynigridefuaringcdoried silisatecglassd and eatbenrsigred ailicehgased
and doped poly-crystalline silicon, doped and undoped
-10 (intrinsic) anorphous silicon; silicon dioxide,
undoped si | iTherprgtaessf Glaimchwhensisutheifieie cadical dnitiater, is selected from

. ot e
P SR LIRcHAR SFo e (B8 ndnpidlet HARRAIRE G0 IR 186 Pmolecules
idepedogan framtadicgl iniator andeadash oxyftlopides, polyhiooric bilidss.

T ' rein the f di cal
BBty 8RB aRess M BidotBB88 oup const sti ng of
ozone (03), hononucl ear hal ogen free radical initiator

| "t I . . it S

o1 SOUES LB EbI A nd A R8hahByid8l oo ragat et
rylpoilesiard sedasted fromr@lgd@rgrandds, and fl uorotri oxi des,
10 8. The process of Claim7 wherein the hononucl ear

free radical initiator nolecules are selected from
Cl 2, B.2, afthelroceds of Daipr7ostessindhe pblgatomic hdiideds of the formula

I ] || de.i f . the forml Xmyn. where X
el W L ol er e Snhancsh APBAr nd Sl BE F afd n are
istagsicminpbers mand n are 15 i nteger nunbers 1-7. 10.
The process of Caim9 wherein the interhal ogen halide
is selected from the group consisting of CIF, Brd,
and | Br0. 20Thé prddess pf Czés 9 wier&h afharinteridilegei imalidbds selected from

| ugride.is d fremthe group consisting of
t%é{oug%gh%@ °‘if§‘:e§r’ﬁ'§ Mgéss of Caim7 wherein the
hypofluorite is selected fromthe group consisting of
CF30F ﬁf‘d C%ﬁé gfc}c%Ss ngCIaim 7 wherein the oxyfluoride is selected from the

group consisting of OF,, and OCl,.

12. The process of Claim 7 wherein the hypofluorite is selected from the
group consisting of CF,OF and CF;(OF),.

13. The pracess of Claim 7 wherein the fluoroperoxide is selected from the
group consisting of CF;O0CF; and CF,00F.

14. The process of Claim 7 wherein the fluorotrioxide is CFsOOOCF;.

15. The process of Claim 7 wherein the polyatomic halide is selected from
the group consisting of CF,l, CF3Br, SFsBr, and SF;l.
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13. The process of Claim7 wherein the fluoroperoxide
is selected fromthe group consisting of CF300CF3 and
CF300F. 14. The process of Caim?7 wherein the
fluorotrioxide is CF3000CF3. 30 15. The process of
Caim7 wherein the polyatomc halide is selected from
the group consisting of CF3l, CF3Br, SF5Br, and SF51.

16, Al®r ocAdiogess foHbe remptesiaama Haaring ahiiwamed depostion
%Q%Qé ?rgmdéeé’é}ﬁ!cbh&libt%rr %b%@ﬁ PFJC@E% @ha?ﬁé@r‘%ﬂﬂﬂ‘l»*&dn%nses charging a
rises char

eposition process C ch co
ne@atéﬂ%mta plasma geneiaiorgeenyedingrthe fﬁmtmt tq aglasma, ellverlng the

BIEaR4 ?@fhets‘énﬁccgld%ﬁfﬁ?deﬂﬁélﬁo rb%stcﬁﬁ%b@ ?@é@glg ?tluih Bﬁsma with the

sem conduct or deposition pr cess
Wiveted wisiduetgenemting Bevalatite spasiasuteroping eivalgtie speCIes and

M&b@hgl 5 ﬁ%‘l‘ gﬁmcf @?Yrbg gac] &:ﬁ m‘ftﬂit?rttggl‘?er glglg@gl?ﬁlor f?JrUjellvery of the

I'nc provi |ng a
plagnod ta e semmdu@upioaslamqﬂranqaromsscwamber.y of the

pl asma to the sem conduct or deposition process

chanmber. 17. The process of Claim 16 which conprises

del i vEf.i ngTihe precessiofc@lhin M6 whhamomptides deliviedng free radical initiator

' 1L hanmber. 18. Th
(958 SRR ot ERRgh AR BRABLOBRIRN ST 18, TP
the free radical initiator is ozone. 15 20

18. The process of Claim 16 wherein the reactant is NF; and the free radical

initiator is ozone.
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