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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a schematic diagram of an apparatus useful for carrying out
the present process.

[0005] Figure 2 is a schematic diagram of another apparatus useful for carrying
out the present process.
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[0018] Figure 15 is a plot illustrating nitride etch rates as a function of process

chamber pressure comparing different gas compositions.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Surface deposits as referred to herein comprise those materials

commonly deposited by chemical vapor deposition (CVD), plasma-enhanced
chemical vapor deposition (PECVD) or similar processes. Such materials include
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sufficient time to form an activated gas mixture. In one embodiment of the invention
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and optionally O and H. In one embodiment of the invention, a fluorocarbon is a
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[0025] In one embodiment of the invention, the percentage on a molar basis of
inorganic fluorine source in the gas stream is from about 50% to about 98%. In
another embodiment of the invention the percentage on a molar basis of inorganic

fluorine source in the gas stream is from about 60% to about 98%. In yet another
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the activassgasmixtere @crrgatnﬁ\?&wt 9@ % i abagt 1 Lét@db@agtqmt%% to
about 1|1ra/glsug atBh%mo?lﬂﬂ% about 74% f 1 uori ne atons,
fromabout 11%to a out AJnltrogen atons, from about

In one émbdedintenthafdibe IMviEntizg gtbe eativated gasdmixtuns |abl0dtas Bro6¥@bout

oo o RO T BT B oo PR g e

from a%tﬁlor@brté%\éﬁt 198, éﬂ@ewtaﬁ@eaﬁem bBo@f 6.6% taaabaﬁ 11%
from about C to about 200 C. Dependi ng on the

carbon|agem@si on vvlthl n the apparat us surface tenperatures

(002704 YF o o AR A et i e teae 41 bitiRye
chambstt @@rmmserh@veb@tf e sudds e fbsitstaiten mag batfrh abbut 80TC to

usifng the tron source., The total pressure in the
about &gs@e% g onhy leratioarwithin the aapaialus, syFiaca femperatures

howevé}k}ﬂﬂg 315% ggrh‘gshV%g EO ¢ per types of remote plasma

sour rn asrra sources, the nmaxi mum
[0028@r esé'lhleetotailprénsureduﬂ'md”enﬁdtéw]amuer llasing dies attvatohgtstep may

be bty SBeH CaUPEEnd AP Pdag Ui hSATER sUTaR. ditsptal
pressufeinghb§fotsABHELENRHP be between about 0.5 torr and about 15 torr.
With other types of remote plasma sources or in situ plasma sources, the maximum
pressure can be reduced.

[0029] It has been found that the combination of an inorganic fluorine source, a
nitrogen source, and at least one source of an atom selected from the group
consisting of carbon and suifur, and optionally an oxygen source, results in
significantly higher etching rates of nitride films such as silicon nitride. These
increases also provide Iower'sensitivity of the etch rate to variations in source gas

pressure, chamber pressure and temperature. Without wishing to be bound by any



consi sting of carbon and sul fur, and optionally an

oxygen source, results in significantly higher etching
WO a60em2Bf0o nitride filnms such as silicon nitri deCT/Ukm®8€030032

i ncreases al so provide |ower sensitivity of the etch

rate to variations in source gas pressure, chanber

particqjaleﬂ;mor)e applicardrtheordas that Micohitatiinsst eﬂﬁlvéfédb%
r t heory, applicant theorizes t

n ar t.i cul
Spec'eéyo?-@ %5??%}’13"& the IRtEyigr BYrfaees YiHhe @pppeaiie o a@nlflcantly reduce
the raleasHuyRLe ré&ﬁnbﬁ‘\ta%h%rfﬁég Ip%%%@%}p@éﬁ%?@gm% n%ﬁ'i’]éﬂo he Joss

significantly reduce t ate o
of spegiesgdier gistivatiosp doi askitiarhter moyidpreehigher e@htrhtes @m anwder

range B BBt h8h 1BEbTo B toibpalized harespsb ot bas bac faund
that thiealsb @eoviads sighficaatly bhhaget aééﬁhgfd?ftﬁe db&vn@ﬁﬁaﬁ%ee”

found that this al so provides significantl anced
ComPQi'leé%Pﬁ@‘eoﬁpnﬂﬁétuﬁdlmﬁortbeﬁequ&bmbﬁr&ﬁom&eamjpafrgawshase
spemé%ue to the reduced rate of reconbination of gas phase

species. [0030] Figure 1 shows a schematic di agram of

[003@] r errBIgerepH ahiovwssD Seieematicl diagph & bSreHsRd ptasrn@awfcé and
h|n rates, plasma neutral tenperatures, and

appaf%t%ﬁé{% teMeastsadhe sicbingiates NAsBARCYBat legnesatures, and
exhauSCORRSHR! Y Rén‘i’i’lje %Xﬁﬁﬁgéﬁréﬁg%%rf&@?% %?%PXEWQNKS

generator unit nstrune

ASTRO$¥®e>{ eRtye ijlae\generatﬁr gt enakel 18y BIKS Imetrugidhesli Afftver VA,
whi ch the cleaning gases are mxed using mass 1 ow
USA. control | er, 102, in this case NF3, CZF6 and O2;

[0031PVeVSh ?wﬁt i EigUre g |§ra‘?1%t y%rhﬁ%ﬂé Zrﬁgvﬂ%ﬂ ths At rfggggses

to facilitate starting ex source,
are mlaad using mesaﬂdwcbouimmllag 1t02e|mﬂh&msmgN55 ded%sand Quwehowever,

other kiR S8 PE Sty ATSON L Molubled: iae N S ANG & Rchsiron®ex
sourcé %1d§H8%h'@a€@re;qeauﬁﬁ§ﬂ@ aggﬁiﬂgg%ogﬁ s rec? dA\-E ﬁ§thon®ex

tput of the sma sour

is used maﬁb@exarhpm,l@bmeﬁpthebrﬂ%dé sourceshay bé lu@eddmm@
thro#ﬁh t he shower head, 105, which serves

chambes HeATInG g deRas P ceses ara klssked Byo/alve @ The dedautef the
remoté %Iats'ﬁ?a PEWEEIS dFBAZRRE the Eﬁ&%ﬁe?gﬁbgﬁ?%ﬁrﬁ?@gé%ﬁroé Pstricting

] OM/restrlctlng devi ce can
devicey dI0dethrayghuthe siowarhead, 105, vanidh SGS/etscawacyndthIElmim thect

proce{s kit P, o HiSEp L SpR B e e Er i a et
condulte#@8.amhe FIBRCIeB&idtiAg idRGice ke Bﬁ@ﬁﬂ@é'@)r %Q/él\%jUB?‘@lse of
al | owi nqureater cl eaning rates of the chanb
t

valvescivhandtl P8ie vary thegtieeat ipwwafiparher @h@ﬂﬁéew@auetedrgaa tottbe
procedd ehdBIP e PHRATR B A% AW TESR9nt species in the shower head

can be reduced allowing greater cleaning rates of the chamber. Combinations of
flows through the showerhead, and into the chamber bypassing the showerhead,
can be tailored during the cleaning process to optimize the cleaning of the deposits
which are peculiar to the particular chamber and process conditions used during the
PECVD process. Although the substrate is shown on the mount, it is typically not
present during cleaning of the chamber.



can be tailored during the cleaning process to
optim ze the cleaning of the deposits which are
w@ewal2asot o the particul ar chanber and procesBCT/US2006/030032
condi tions used during the PECVD process. Although the
substrate is shown on the nmount, it is typically not
[0032]pr esBy]thrdtﬂlmgﬂtmeCﬂmfmngthchalmb@’rmﬂhterth{aqw&aj uﬁyig one or

more thigdfiyalsea K9 At d WDhinsRioe s PR Bbe o9 b gontaled utontrol
the partfal BFe%%%r&Bﬁm%%aE@?\t Bﬁrlﬁg Md lebﬁﬁ‘\g J?(OE@Q Fnochetﬂ?Scess

partla pressure o eact ant rnng t he cl eani ng
chambq@ rodéydn e exeayst dmewtwmrﬂa chardper amdwthemumﬂh lsing this

tvvee t he .cha ng. t hi
invention, B8 Heh Al iar AT 40 Fed (ST rate i Rehcral® e
surface |r@§cﬁnbmbﬁo@%llé\ﬁ§@ﬁ@mc‘ﬁeé)éé |$|Ld1éa’ﬂﬂﬁg gae w@sm vathoat | ows
the increase in cleanln pressure wi t hout

excessivg lassafiae rercfants. (e lm@b@lt awtt@l pressule ofifbe reagtanhgases

h
can mc@%gé ‘:t]lfl‘cf] gle%é r@"r%té Sﬁ ?ﬁ(glee yeﬁhfggﬂwhn}é é’%%ﬁﬁ%‘;sr ?nc(i) r?g‘ftlng of
the throttiedvaiedd 1 09 antl 1t1l®ecetrhb©atljwtecabafese d:ﬂ@ummthblﬂeaaingbe

ust ed before or ing the ¢l ean roce to
processAGRITIES (e CePBRS FIgNB o s SN KIERIBD SXhaCs o)
line. Slgifm?m}#gﬁiﬁéﬁlﬁ le! léﬂ‘?e u@%‘f\'ﬂNé thrbfilesvarPofelver bﬁ@ o¥$fbre

rottle val Ves,; however one or nore val ves may
valves mey bsadsedThEhes seltingg of thesehadvesvtal apsisnize thepeleaning aftike
eanin

deposit§ afe Peafliar to ik paFRAR cBaBiblr BRE hrflss srdifons uapd dying

the PEGV@ JTE6842 8% Qe AfuntEibh olthettdmipsrtitee odthe berfaces and
enperature of the surfaces _and other particul ars of

other pawsu@y%pfeme wisters abutreaadicrdily be dateimined gy negierginary skil
t w t hout undue

in the a&:ﬂ%@ﬁé’n?b% elxRbﬂ dd%rAs a result of the reduced

[0033]1|epeA§€enmuﬁfof e l‘edmbd depepdense vEetrhdatecop pregsure and

temperefuhl RPapIIS oPSaG s SRR Terratfo oVde at a
lower térﬁ@é‘%o{l‘r% Méereby??&iﬁnfﬁ‘% lBEé‘%@géQ%ﬁé@é spbEies #hrough

i nation on I nt I or surfaces and I NCreasl ng
recombmaﬂunr@ inde iy, suafades lagdrinergasingeathlingtraisisppng claanindaf

exhaus&g V‘g{eé]atﬁs ck\an?l?er{%duti\g%% mg .fﬁlflem 2% and are

[00341pot rl‘h@rfbllé\m(gﬁlanﬂplés Aage NNV MGs{raR3bk ifventiomeshd are not
gases fl uorocarbon, NF3 and carrier gas)
meanttﬂeb%“mﬁtngoduced into the renpte plasma source fromthe

| eft, and passed through the toroidal discharge where
they were discharged hyxhRfpi498 kHz radio-frequency

[0035] The feed gases (e.g. O, fluorocarbon, NF3 and carrier gas) were
introduced into the remote plasma source from the left, and passed through the
toroidal discharge where they were discharged by the 400 kHz radio-frequency
power to form an activated gas mixture. The oxygen is manufactured by Airgas with
99.999% purity. The fluorocarbon in the examples is either Zyron® 8020
manufactured by DuPont with a minimum 99.9 vol. % of octafluorocyclobutane or

Zyron® 116 N5 manufactured by DuPont with a minimum 99.9 vol. % of



power to forman activated gas m xture. The oxygen is
manuf actured by Airgas with 99.999% purity. The

WO 9oy bon i n the exanples is either Zyron(P§T/88206/030032
manuf actured by DuPont with a mninmum 99.9 vol. % of

oct af | uorocycl obutane or Zyron(r) 116 N5 manufact ured
hexaflugipetiiansat The Nis agiismanwfaduedly Duiont with 99.999% purity.

oo SIS 8 1 Ve PBERL g
ignite thai plgeman) mite;]razvigjclacﬂimeaﬂoﬁ? Gor tfﬁah @@rﬁgitages wfelregiaﬁiaifted,b?‘gm Ar

t | t , smas, ,after |1 C | WS r rne
flow wap BefndBe ARVEL4aS wpRue ebes PAssed Bupyalianaldraipim
water-coPRdHeah LRERshdER S0 l'i‘éd‘ﬁdér t‘i’netthéfgﬂéﬁo&?ﬁ? &F thd é@%ﬁlﬁ@’brocess

al um num wat er- cool ed heat exchanger to reduce t
chamberhdiheesurfasgdienpsiss corered waflen waspacessen eHamperatulthe

convol TP EFRTRL e SRYSH AL, g DB 8t o mossured

by OpticdlEHrhigsion I$isedivistbpy (OESPShIVHIER rotdviRRRnag thah¥ition bands of
Optical Em ssion Spectroscoq%ﬁ &iCES) wh
i

, h
diatomie 5paeirs ke Carmtid Ne afsstheossticstn dedito ok amliéal_gpweé%ture-
See alsb! KB ahd31SNfn ,aj&rhgf;@f\gef%%b%@;c%t&e%mmﬂ 22 (5),

neutral tenperature. and
2014 (2004, veticlois MareinuimcBnicraieel By rederienct o JheletelRing Sate dflrface

.(2004), which is herein incorporated by reference, The
deposits By b gciNatEd Slsdt Freasuro BU NPTy S RLeUEPMER BhiNgas
r :
procesd RS Rob o B86K SR RIRE o iy Lot
dilute thexpradetisdo gpropebcbhcerdrationfoe FTHe npeastinement andito reduce

proper cancentration f ETlI R neasurenent and to .
the hanfidiy GtPERNCiR g% 5UBIP- o TR WS R0t anestiigs Yerpenogngration
of specksafl the piR@Séitadshe concentration of species in the

punp exﬁaust. Exanple 1 [0036] This exanple

illustrates the effect_of the addition of fluorocarbon

on the silicon nitrideEXa@®ledte in NF3 systens with

en at different gas conpositions and different

[0036%%/gﬁhbeﬁf@eﬂﬂ@leglﬁ@ifat@wherﬁféecéﬁﬁm agdition phBuereearbgason the
sticon e PR PaEIn e N531e BN B v B PGS EqfRURGRs ana

differertt @afer tehiperadupes.r hi s éxuerinhent] thd feedupls was esmpesed of NF3,

proportionally as required for each experinent. By way
oxygengng LefisstPracess chambenaressyes was s tog t otabgas{leumategygs

1700 e YO TR the, MEVFEKAZRSCS 4 BREBATRLY 23 rBHETRd for

each expeyimettO Byeway of Higsiratioh, g thasexperimant willa9&d okygarh ®% C;Fs,
00k 5.9-8. 7 KW RF power.. The . act] yvated s th

and 828 V57 dfie BUoh Selide i aRTEP Sehil ot ke {1l 1813 w10 scom,

and thétWNFE ﬂswtratér fvas a4dereeht. ST fddiind'BHE WaBthctivhfadt Biethe 400
enper ature

kHz 5.9-8.7 kW RF power. The activated gas then entered the process chamber

and etched the silicon nitride surface deposits on the mounting with the temperature

controlled at 50 'C. As shown in Figure 3, when 3.5 mole percent oxygen and 2.3

mole percent fluorocarbon were added, the etch rate was over 2500 A/min, and

exhibited low sensitivity to variations in the amounts of fluorocarbon and oxygen
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controlled at 50 C. As shown in Figure 3, when 3.5
nol e percent oxygen and 2.3 nole percent fl uorocarbon
wawrngozsed, the etch rate was over 2500 A/ m nPCHES2006/030032
exhibited |l ow sensitivity to variations in the anounts
... of _fluorocarbon and oxygenaddition. The sane phenonena
additione The §56us HReNIRen WakaObseveRB PHWATRE tanareralires terted:

50°C, M@C 1,501@% 2000C. Exanple 2 [0037] This exanple
| ustrate e effect of the addition of fluorocarbon

on the silicon nitride etch rate in NF3 systens with

oxygen and the reducedExaimgde 2f source pressure on

etch rate. The results are illustrated in Figure 4. In
[0037{]hi s Tdwpexampleatillustratef desleffast ofdbe addilioaed flabrddashon on the

R A e T T RAT o 0 S

pressule’ 68 eSdtrate WThB rés W é@lﬁ@Stféftéd ﬁﬁ‘?lguﬁ‘é‘ uviidysk e&ﬁéﬁﬁtent the
set proportional I% as re uired for "each experi nent
n

By
feed gagayas compogse i NFanopliena wwlﬁk@e@ndmtlomﬁmwm)%gatocess

cnamof it V32, RSP M 50 TR s o

the indBddual gbeds byt prioporhalifiasTeQuitedfdf\éadh dx@efimdn®. By way of

neutral tenperature of nore than 3000 K. The activated

illustragiery ip Hehewprignent Witk O exwaen anh b NEndhed\tadiow Fie was
1550 sBbt! SRNR dYLER AW (AS ﬁiagefébsér%cgn.Oct*r@g%ggm%@n&gygfgp\éated

nperattdre controll'ed at
by the GOO\MHzrﬁ O~8ndl IV RF penter td ao‘remttrali tenpenaturé afmﬂtce*eﬂban &000 K.

The acf RS hen s i Be DR el Aree FAFS s Alipen Biyide

surfac&/ GéMoél&V\bﬁ ﬁtésﬂnbUMtlﬁd with tMé"térﬁbéﬂﬂﬁré EoritINEE &t BOESS WsLshown
anple 3 [0038] This exanple illustrates the effect

in Flguoe 3t wéea@dmpleomer@enmmogarbpnearm 9 made pereant @ayeerc were

A T N A e e i

exhibite@ &Rty [DResermsitilityIo datiatibhdiff sAlred préssurgure 5. The
feeding gas was activated by the 400 kHz 4.6 Kw RF

power to a neutral te ratuire of nore than 3000 K. As
the results indicate, E@ﬁ'—@%le percent C2F6 is

ded to the feed i as m xture was

[003&]0npoEi@a eesﬁmlertﬂuetr@teﬁdaﬁ%ﬁegr@f thg a%! @np@‘r%morbthygelwon
ivide 6h P TPHBRESSIGF s IR FHAR T ote o8l 600 tor
Total gagSovAtate wasaticDEsdurhi e resués anealtluetrated imfFfdure 5. The
feedlne;/ %Igals"%/\t/eltsoanostlvla?edS t()))llJ thcee48(5 ﬁ?—lszuz{g 'KwEﬁiﬁf%vserélto a neutral temperature
of more than 3000 K. As the results indicate, when 9 mole percent C,Fg is added to
the feed gas, i.e. the feed gas mixture was composed of 9 mole percent CxFg, 9 mole
pereent oxygen and 82 mole percent NF3, the etching rate of silicon nitride increase
to from about 2200 A/min to about 2450 A/min, and exhibited lower variation with

variations in source pressure.

Example 4

[0039] This example illustrates the effect of the addition of C2Fg on the silicon
nitride etch rate in mixtures of NFz and oxygen and variations in the molar ratio of
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[0039] This exanple illustrates the effect of the
addition of C2F6 on the silicon nitride etch rate in
worRoor2ss0 of NF3 and oxygen and vari ations in PE¢EURDE030032
ratio of C2F to oxygen with a chanber pressure of 5.0
torr. Total gas flowrate was 1700 seem The results
CaFs to exygeniwithsa chaaber prassyoe of 6.0 e Tetatiyas)flousateasas 1700

L RN S A R ——

400 kHzIRBbesler &6 ameauabbteamseratire \Glimdrbithan B0D0 KL alt walsi fe0ad ithmat
urce pressure were obtained with an oxygen to C2F6

. . S0 Ie. . 0 ) )
the highesfigteh sate andilow vaigtion gvithyariptions da §OYce RFERSUTPAVRIE 9
obtained Wit RIXERN 1Py rati T £10THEFR, WY ARka S niidurPoly
mole pegent Cofg dsinbieopencentoygem, and B2 rA0ROpercenbEs. 38i@6n nitride

ST T PR T P T
compar%(w%ﬁ dbduf 940 ]a/iHM fo S¥ETIPIZ0 Nnﬁiﬁtvlm_ﬁf ﬁ%x%’@w:ﬂtﬁ&%‘éhrbﬁn

_ process chanber tenperature on silicon nitride etc
ratio of 24t e using a feed gas mxture of 9 nole percent C2F6,
9 nol e percent oxygen, and 82 nole percent NF3 and a
chanber pressure of 2 torr. Total gas flow rate was
1700 seem The results are illustrated in Figure 7.
The feeding gas was a@xanaplecs by the 400 kHz 6.0~6.6
KW RF power to a neutral tenperature of nore than 3000

[00401K. [Thiyagampienflusthates ehé Bffedt ¢f drocssagiRimbeneMpdra@se on
t he chanber tenperature is increased from5Q 0C to 100

silicon nitrideuetel e Lstogra fesidi gas miders of 4 mole peegedt (ake, 9 mole
percen FHTAEY St [T BBRER N S £ B0 BB SR 21y T
gas ﬂomcﬂa?em?s TR0 UTRe ;mbmisl arreOMustﬁateéciti ﬂecziggwgr ﬁhel%fem:lim@

a lee as m Xxture o e rcen , e
gas wassastiatad B A0 kRa G0~6i61I0V St BWEr 198 nshirabiestparaiure of
more th% g’%rﬁﬁw Rlvad ﬁoﬂﬁfl l’théﬁtcgté‘ljt\ g%@ﬁ?]éﬂgﬁ%é §B§|e\0@r%\(te &%Q@e ER&Mber

esults are illustrated I gure 8. eedi ng
temperajae imdscraased froed5®YCiihd 0800. ¥ sgnificankdifferarrcepohis trend
bto a ne[ﬁtral tergrperature of pore than 3000 K. It was
was obselyelWith hapgeR IS SQWCE RIGNEs somewhat as the chanber
tenperature is increased from50C to 100 C. At 100 C
there is little vari atExample @ ch rate with changes in
source pressure. Exanple 7[0042] This exanpl e conpares

[0041?i triis XbATHIO diudEhRS tREleiebLer BroresoBHAMBEr Rnpétature on
| uorocarbon. In this exanple, the feed gas m xtures
silicon nikide eith rafe winga éeqsbgas mixture of 9 mole percent CoFs, 9 mole
percent oxygen, and 82 mole percent NF3; and a chamber pressure of 3 torr. Total
gas flow rate was 1700 sccm. The results are illustrated in Figure 8. The feeding
gas was activated by the 400 kHz 6.7~7.2 kW RF power to a neutral temperature of
more than 3000 K. It was found that etch rate increases somewhat as the chamber
temperature is increased from 50°C to 100 'C. At 100 °C there is little variation in

etch rate with changes in source pressure.

Examgie 7
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C2F61 9 nol e percent oxygen, and 82 nole percent NF3,

or 4.5 nole percent C4F8, 9 nole percent oxygen, and
w@2003/0embe percent NF3. Total gas flow rate waBCI/USD06/030032

seem The chanber pressure was 2 torr. The feedi ng gas

s a , RE r to
[00425° *This'@ldifioBeohiiaeo NifitE shundlisHo diloroSihhutane as
the fluarecadrbbuis tir titiedxample, gw focdl gé@:ﬁx@fthmf\,@@@éiﬂi@hﬂ@aﬁ@le percent

xhibited sim|ar et ng performance co
Cae, BAR R IRRS PR RN v 19, 07 BolB ereant NGt Of rbmalBerzent CaFs, 9

; .
mole N@rﬁbﬁi g%Tm ghgyg r;sp ﬁrglgg%daepé REY! £t ggﬁéﬁUWeratés%Qgﬁ%O
sccm.od afohamb@mmssbm ams 2ot Héla‘feedlrxgogasimas abtnvatbd $y the 400

kHz 6%?@%@ p@tgflég té geq%ﬁrgf gy ﬁ%urg érréq?{e %QQ&%D J(ghe results are
illustrated wmgth@& @étaﬂu@ro&?&l@b@@h@%IHFte’aSsmﬁafTBicﬁnﬁeﬁ&r%Hnance

.5 no percent NF3. The chanber
Comp@rﬁéiggd}eé(aﬂ;e\@rogthanerwmr&@ecgasevchdaker, and veaiation @0th variations
feedi ng gas was activated by the 400 kHz 6.9
in SOU?K%Q&%Q\P/\?H to a neutral tenperature of nore than 3000
K. The results are illustrated in Figure 10.
COct af | uor ocycl obut ane exhi bited simlar etching
performance conpared to hexafl uoroethane with respect
to etch rate, and variation with variations in source
pressure. Exanple 9 [0044] This exanple illustrates
the effect of the additEmampile 8l uor ocarbon on the
silicon nitride etch rate in NF3 systens with oxygen

[0043] di fThix emplesongrgres inltiide Steiitl dshbefmﬂudﬁaéw}obutane as
In thi s experjnment, the feed

the ﬂ%ﬁ%&é‘é“ﬁ gxamplen thsk @l@m@ WeiERtes Smaleesrent
CgFs, Drrﬁ&%%&c&\ﬁﬁf)cg/\%éﬁrénd 8 tra«!)negge?l NEL 39 éﬁﬁ?me“ﬁg&ent C4Fs, 9

seem Wt rat es or t I V|3dual gases
mole peiseot oxygenl, bpd £6.5 supie pecbefndaNFaad‘rheedmnberqmrEssmb way/3 torr.

Total §as ghuif3ld A5 790 <oty N Fedbgn e mabipieaty edopiz

6.9 warpoweet&a Eeﬁtraw(ar@eeatwé oPFhor8an 8000 Werwéc?esfuht@vyre
rate was 4665 seem The feeding gas was activat edby

illustratrd inGgucer Os- @ctlaWwPCps@Iwbutaw jteidvsimdlar gtebinghegrformance

comp&%tdft{oﬁ%)ggﬁrﬁ %Eeg‘f @ll??g?p ct?cﬂgtcﬁnr%% %Sﬂ%rfeﬂob&@{h variations

in souresPEIEULE.€ control led at- 50 C. As shown in Figure 11,
when 3.5 nol e percent oxygen and 2.3 nol e percent
fl uorocarbon were added! t he eEch rate was over 7500
Almn, and exhibited |l o vity to variations in

t he ar:F%unt s of fluorocarbon and
[0044] is example illustrates the effect of the addition of fluorocarbon on the

silicon nitride etch rate in NF3 systems with oxygen at different gas compositions and
different wafer temperatures. In this experiment, the feed gas was composed of NF3,
with oxygen and CoFgs. Process chamber pressure was 5 torr. Total gas flow rate
was 4800 sccm, with flow rates for the individual gases set proportionally as required
for each experiment. By way of illustration, in the experiment with 1.8% oxygen,
1.1% C,Fs, and 97.1% NF3, the oxygen flow rate was 85 sccm, the C,Fg flow rate

was 50 sccm, and the NF; flow rate was 4665 sccm. The feeding gas was activated
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oxygen addition. The sane phenonena were observed in
all wafer tenperatures tested: 500C, 1000C and 15Q00C.
WE@/02350. 2 nole % 2 and 0.8 nole % C2F6, hi BEI/E82006/030032
rates were observed. Exanple 10 [0045] This exanple
illustrates the use of carbon dioxide as a carbon
by the 480 lHzeb-8riVdXly gewes.olihe ectivatbt ymssthen enteradtthé geoosissh

O I e o T
temperati@ d6ritofkd %%@gCS ‘?is QWdWr? it F@U?é Y, Rheh 8B h{o‘i‘@I péR:rent

each experl nent . ustratl on, In
oxygen an@ @3 mete paraent ﬂusmc@rbon waw addesictheetcht me wa@ cvep s 00

Avmin, il St BuP SEURRY 13 Derkbchs' e RERGS Br §0G3gR R gnd

oxygen pddition. The stthé ﬁhéﬁdﬂ@ﬁé vigre mbeahesoeid a*llhﬁaf@f @émpératures
chanmber and etched the silicon nitride surfac

tested: %@’Eaéﬂps%ﬁldt@ froUritanRt W tpolere QeandPd Roie % CoFs, high

etc 50 C As shown in Figure 12, when 3.5%
hrat%%gfe&%s)ba%rggg’ the etch rate was 8000 A/m' n. Etch

rates hi gher than NF3 al one were observed for up to

13.5% C2. Exanpl e 11Eka0v8¢ 10hi s exanpl e conpares CH4
and C2F6 as carbon sources in nitride etching

[0045F X peTlhismxtamp’l@ |IIINEBa$,$She sewif tcarny dieridatasda Chdyoengource

and oxyg%ﬁﬁ%gz l onsm%n( i Bi?y‘@@h ngzqud Eé‘éagaﬁprﬁgg{ﬁqgrgssure was 5
torr. To'f’él%‘"a%%v@ Fﬁ@%s o7 (ﬁ‘ﬁ§é€n¢ Wﬂéwtrﬁfers fol HeainddAdudl 'g@@‘ss set

rate was 1/00 seem wth flow rates for the indiVidual
proportigngiysas eequwe@lpfor eaom akpsnmsnt elByiway dffilbistiadion, in the

experm R BB Y 955 ABSEHIS2 ) Aed V2P G Rl e

NF; flovl k& wad €628 8cdh. Wfbeﬂihg ad bewvdted ® Wﬁé@ﬁ l¢-&ehas
and the NF3 flow rate was 1550 seem The eedi n

kW RF pawerct ho &ctertpy gandhanentaned the prageass dhamaer aﬂ%equf?ed the
- 1\ h
silicon rﬂfrfdﬁa %ﬂﬁ%e%ﬁo%@% ﬁnﬁﬁ% cgg\tlii‘ngﬁl}ng{c @Feﬁ%p Odﬂ??ﬁ'f‘?@ Eoﬁ‘ﬁ@lled at 50
°C. As smmm imBigeiré 12t waeh sm;cagu gmscaﬂuado thesdtchtraeOwas 8860
in Figure 13 _ wit or 4.5 e
A/min. E&%thﬁ htgive@iw NEs @lQ515 WP ReP Rﬁ?r URMO !h’fg%s@b@l
the silicon nitride etch rate decreased with tine in

t he experinent. Exarrplg(a%kopﬁﬂ Thi s exanpl e
conpares a blend of N , Q2 (82/9/9) with NF3

[0046]31| On%h%@(%ﬁe@o e driY 8, MPASEalRARRRESY B rffride

000 ssures
etching experiments in NF3; systems with oxygen at different gas compositions. In

this experiment, the feed gas was composed of NF3, with oxygen and carbon source.
Process chamber pressure was 5 torr. Total gas flow rate was 1700 scem, with flow
rates for the individual gases set proportionally as required for each experiment. By
way of illustration, in the experiment with 4.5% oxygen, 4.5% CzFs, and 91% NF3,
the oxygen flow rate was 75 sccm, the C,Fg flow rate was 75 scem, and the NF; flow
rate was 1550 sccm. The feeding gas was activated by the 400 kHz 5-8 kKWW RF
power. The activated gas then entered the process chamber and etched the silicon
nitride surface deposits on the mounting with the temperature controlied at 50 °C. As
shown in Figure 13, with 2,3 or 4.5% CHy, etch rates superior to C,Fs were obtained.
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were varied fromO0.7 torr to 10 torr. The pressure at
the renote source was about 15 torr. Total gas flow
WO 2002/02%380 4800 seem with flow rates for the iPdi/Ub0&030032
gasses set proportionally as required for each
experiment. For this experinent, the valve (104) as
However | withs #1536 &H4, theFsitjcor nitride staheplendecreasedh vt thne in the
. that was operated in choked flow so that the source
eXpe”mﬁpéssure remai ned essentially constant while the
chanber pressure was varied. As shown in Figure 14,
with a mxture of NF3ELampiéAzet ch rate increase
roughly linearly with T ncreasing process chanber

[0047]}0[‘ eSﬁ‘Hé %&a \MB JG&T\Q’QF& aNB%n@' &Wa@"CzNg/‘?O; @@@) V\ﬁ%‘lqm:s

rate | evel ed fpr essures 1 ncreased, 1 ndicati ng
alone andh bife ®usdCrlacwitth anwafeoteraperatuyaf 20086 s lﬁiwgnb@mﬂpwes

were vaigd (5 BroioH b FO RS Tpe RPRRES of it RGPk v oliges 15

torr. To&) @a@fﬂmbﬁte WasA800escdn, ot fldwirates foptife hdrvliduaTbesses set
pressure at the renpote source was about 15 torr. Tota

proporﬂga%"w D paued fahgadsem@geﬁmt virHhis| experigen, W@rvad\fee(mﬂ«)
I

as lllustié?g@’ﬂ ﬁ@%e ?é‘éedﬁk@?éﬁtdéfﬁ?%#ﬁ t v@ﬁ&&@fﬁt cgﬁl( &%(E)d

flow so tmtithe ssmncetp&dssme EemauredZesmtlaﬁ‘,pbarmant/whﬂe tre chamber

e AL e P BRI AR oL LB TE Bt B
increasé P&lg@ﬂ%‘ﬂfﬁ’é‘éﬂﬂ%ﬁﬁ Wr@aéﬂﬁ? eY@dés%d:haﬁ%eﬁ*ﬁ?%‘sdr@s FWEM ﬁnth NF3

nitride etch using a bl end of NF3/
alone odﬁFnst Colsghioh rate leveled ofess pregsusts mcreaseg mdlwt@g

one and i nc ncr easi ng chanber pressure.
mcreanq)éq@:j R’/\ﬂf" i Qt@ﬁgfewéfﬁﬂreé ments of the invention
have been shown and descri bed, further nodifications

will occur to those SIE)dah_lggei'nthe art. The present
i nvention may be enbodied in other specific forns

[0048M t hPHis J@pRile ich fdarr@ératm@w@m NFY/ ©JF £S5 €82/04) with NF3 with
attri butes thereof and, accordingly, reference shou

a waferjempeiriuteot He0 sppac geambrRPIASSUFaR Y frain @ 4R e 5 AE- The

pressuip i OB ROEAILES SR A AB bR A4 Ok 4R ratg g 2boo

scem, vitH flovarei@sdasthes mdwfo&:ad: gawessse’(gxrofbmmmnahom réfifiteiddor each
experimiiy GobascoRgtiepttonapvy, (1) 26 obbak i aRggnas
replace@\AF an ¥flce that was operated in choked flow so that the source pressure
remained essentially constant while the chamber pressure was varied. As shown in
Figure 15, the nitride etch rate using a blend of NFa/ CoFg/ Oz is roughly 3 to 4 times
that observed with NF; alone, and increases with increasing chamber pressure.

[0049] While specific embodiments of the invention have been shown and
described, further modifications will occur to those skilled in the art. The present
invention may be embodied in other specific forms without departing from the spirit
or essential attributes thereof and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specification, as indicating the scope
of the invention.
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from about 0.3%to about 15% of one or nore atons
sel ected fromthe group consisting of carbon and
wae0702735R. An activated gas mi xture as in cl aPer/S2006/030032

wherein the percentage of fluorine atons is from about
66% to about 74% the percentage of nitrogen atons is
fromabout 11%to about CRAIM(She percentage of oxygen
atons, i s fromabout 0.9%to about 11% and the
Né’h%‘ﬁtci@@eéif'sone or nore atoms selected fromthe

aféaﬁpafégr%éssmmgreqforﬁmgn@ and sul fur is from about
0 a

.6%to about 11% 3. An activated gas mxture as in
draxn rboubBOY tei ahout KA, dluprine&IdRe, or nore atons

el ect ed m the qr [ St of carbon and
ifl:ﬁf\“ opgtlézortgo{ho@3@%&&@@%%@@%, gas nmixture as in
Cdpflidﬂi\a{ly,guﬁ id@lsoutdBds osygen atooes, mindr gas. 5. An
activate

I 4 wh [
o r S UG To  A Sbp e aove
a#&%ﬁht@@m%w)mﬂésulftﬁn activated gas mixture as in
clarm

efein the carrier gas is argon. 7. A process
Mroactaktdd gas enixtureain dgins drikereiniheasreentegetaidluorine atoms

nterior surfaces of CVD apparatus, conpri sing:
'%EPW%'?QW@%}ﬁ?%aﬁg%z‘@/"chanber a gas mxture

C L8 frofn 8BELCE! BftoceudR4%UDr €
CHSELNBGRLFpIGR, ROV o sole o ooy

romthe group consi stlong of carbgn and
sthief percentageNF Dxygbe atdms isHfsomakaut P % do gpodky §énan

, f
osusTeaREe T rarsy BBt g G o ARE R Crn of
?‘@@#Uﬁn%r?cﬁéadlfur i@ﬂdn}/\é@dtﬁ!(xﬁ‘%ﬁe ahdgnhﬂ:%;g c;ent age o{ NF3
In the sai as mxture i.s from abau % t o abou
A astivatpogRRgIELITE A8dR SRMCHOGRRTRBHISEN B (! more atoms

%ég%cggla Ebo"ﬁ? grg‘grgitug cgit?\@isitiﬂfg &f RaRSRCESS sGATH arbdmer eby

surtface reconbination of gas
Ahastivatpd gasmixture as in clami bfurther ceowyisiTg @ &RETECIBS.

: 8. A in.claim? in .
R v atodionmmBuieaean At Mhgrah e ol B it SEIspR from
ﬁmﬁg}glﬂﬁ%t%ﬂsgﬂh%w aig%ncéﬂcpﬁé‘ﬁtﬂn. A process as in claim7

e apparatus is a PECVD .apﬁar atus. 10. A
Anectsatedgasmidtuieras7inyigifed WhereintRe SarTi 9ag e 288N of

Ar BrAtBRe 1o S MecH el B FH T TR T U I efiof SUitces of

>

uUm num and anodi zed
31c\D HpPardilis, cornpaging:s aetivatingdh ai renbtelcbagiber ahgas mixture

ggr?w%lfjilsitngl :n g)?yogle%déource, a source of one or more atoms selected from the
group consisting of carbon and sulfur, and NF3, wherein the molar ratio of
oxygen source : source of one or more atoms selected from the group
consisting of carbon and sulfur is at least about 0.75:1, and wherein the molar
percentage of NF3 in the said gas mixture is from about 50% to about 98%;
allowing said activated gas mixture to flow through a conduit and info a process
chamber, thereby reducing the rate of surface recombination of gas phase
species on the interior surfaces of said CVD apparatus.

A process as in claim 7 wherein the one or more atoms selected from the group

consisting of carbon and sulfur is carbon.
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11.
12.

13.
14.

15.
16.

17
18.
19.
20.
21,
22.
23,
24.

25.

26.

12. A process as in claim7 wherein a throttle valve
is used to increase the pressure in the apparatus
waleoorsgr3sthe cl eani ng cycle. 13. A process as i PCTUS2008/@0032
wherei n the oxygen source is nol ecul ar oxygen. 14. A
process as in claim8 wherein the carbon source is a
A groogessoasiirboaim Yavherepr theeappaaatusis al REGY Dlapperatkisn t he

- AHR S AR oo OBRRF Afterd oL PelBE I Rs M ne

constAldted ORI & mdterial sdisdteaflonp irRNGopdnsisting of aluminum and
hexaf | uor oet hane, oct afl uor opropane,

angdized @BHeiNEft-ahydr of uran, and oct af | uor ocycl obut ane.

j I ai j he fl uorocarbon
A Fl;récﬁé:}x% ﬁﬁ@régg? ﬁ%ﬁ%eﬁh@.er%%ﬁmgéegé&gg' in claim 14
A pvbeess as imelafim Towlbemirba thriottleovdivd isunseaticcinolasisarthe ptéssure

, process as jn claim7 wherein the nolar percentage
in @? Wr?“é‘sf%%a‘g%lﬂew& E¥f'@bout 98% of the gas

. _ . . Lai _ . 3
A FEOSH 8 17 RURERRE Bt R HRL i
A grocgspas deslaira$ whersirthe datbahepuiae isleeflunrpgatvosour ce

: bon. o 1.1 . 22.
A prgCRREAR QS A B e TBhebtin e A ReafhfoRiERRon
A prodeseagireclanh BanvRgein fe MitflotdBofts 8éleRRICRENMARE gPdup
carbon dioxide in the gas m xture is fromabout 2%to

copgisiing ebtairafigoromethapeshkexafluprpathamnen octaffuarepiorene, gas
¥ c ri [ as. 24. A process
peﬁ]sd&ﬁwegﬁéyﬁog@ a\'Rhér iogtsaglgpgacggtor'bpge[rnegas is selected.

A hroessd Bs irgclaim14 ansdreihithg flabrovagsom mtexadiubtosth@te. A

rocess as in claim?7 _wherein th ressure int
A Bosess 85 dhaiaer4 Wheredingdk réea@ogd% PCP&'UQMP@UWE-
M | 0
A §kbis 881 Do RREraR bl B aBg o e rerpayicaon

to aboui¥8%2f thé\gps saiggeas in claim 7 wherein the
ressure.in the renote chanber is fromabout 0. r
A BigSais as m Biai, WRGEiT K RER SR TTO 1 ahodhdePhios the
gakhfix@rgssure in the renote chanber is from about 2
torr to about 6 torr 29. A process in claim7 wherein
A piicespaadn cladmghwhateadd ey ogierrsaibee ¢ sarbengource ratio is

about 1:1.

A process as in claim 14 wherein the oxygen source and the carbon source are
carbon dioxide and the molar percentage of carbon dioxide in the gas mixture is
from about 2% to about 15%. ,

A process as in claim 7 wherein the gas mixture further comprises a carrier gas.
A process as in claim 23 wherein said carrier gas is selected from the group
consisting of argon and helium.

A process as in claim 7 wherein the pressure in the process chamber is from
about 0.5 torr to about 20 torr.

A process as in claim 7 wherein the pressure in the process chamber is from
about 1 torr to about 15 forr.
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27.

28.

29.

30.
31. A

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

source or a mcrowave source. 30. A process as in
claim?29 wherein said power is generated by an RF

W@ ouWwroz73s8 1. A process of passivating the i ntBCT/082006/030032
surfaces of an apparatus conprising: (a) producing an
activated gas mxture of claiml1l or claim2 in a

A psr@@ets§as aol@h,7 Wwhere trewpregssr il ths rémateecharaber is from
ture to flow through a conduit and into a process
ab@Hfa%etP"th?@OHhéﬁé%’ﬂ er, (c) reducing the rate of

A SIcEEE §s iF ERTHR! 5‘7";\{\/%8% rii h s&'ﬂ%siﬁ tR@F&GIBR ciifmbér is from

process as In erern the apparatus I's a
abBE¥BrrappabatiBtorB3. A process as in claim3 1 wherein

 BBebsail T LB S BRI 5

soffdebmdMigoaaaeduigd al um num 34. A process as in
claim3 1 wherein the conduit is cooled. 35. A process
A ja@cens ek dn pladn2awbewim saidtpavrtis geparaied by ansBh sogree.

bR REpep Ry AN Y eor sURaBR06 41 HPafiefls folpRfiing;
(alyepgmxcmg(ém Betivaled Bas neirtupes io$ eRira 1car claen 2das. reibte A
process as in claim36 wherein said carrier gas is

selGBERers r om t he group consisting of argon and

gb?eég’tﬁﬂrllgﬁf’sglc{*ﬁeﬁ\%‘i@& a8 %ikdbre h il drbutfies Ebulifnd into a

FOCEss cha out O torr
t o pboeds Garmioer; anG@herAaﬁeocess as in cI aim3 1

(T B PRl B SRR o AR S

A Bl Bslin MHES DwhBReiR 1SS §Eb§ra*tt§ls rsmepeemb appaaam@r
I's fromabout 0.5 torr to about 15 torr.

A pragess aisds quWtﬁshwh\eBem the intelior surtaces @f mﬁ appwawﬁeare

ook P ERONR ek S BoTREYbrfink 3 BeAPOYlo S4By anc
artodizgd Aonfeunce, a DC source or a m crovvave sour ce.

43. A process as in claim42 wherein said power is
A@é‘?ﬁﬁ%@@d‘“tﬁ»"‘ﬁﬂhﬂ’@éﬂf‘é@e C@rﬂdu'NSF‘E@\ﬁSi -appar at us

A PPERIsS ¥ claim 31 wherein a throttle valve is used to increase the
pressure in the apparatus during the cleaning cycle.

A process as in claim 31 wherein the gas mixture further comprises a carrier
gas. '

A process as in claim 36 wherein said carrier gas is selected from the group
consisting of argon and helium.

A process as in claim 31 wherein the pressure in the process chamber is from
about 0.5 torr to about 20 torr.

A process as in claim 31 wherein the pressure in the process chamber is from
about 1 torr to about 15 torr.

A process as in claim 31 wherein the pressure in the remote chamber is from
about 0.5 torr to about 15 torr.

A process as in claim 31 wherein the pressure in the remote chamber is from
about 2 torr to about 6 torr
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42.

43.
44,

45.

46.

47.

48.

49.

50.

51.

(a) a renote plasnma source chanber, (b) a gas
di stribution system connecting the renpote plasna

WG oro2z738®@ supplies of a cleaning gas and an iPEF/USHO&()30032
(c) a PECVD chanber wherein the renote plasma chanber

LS coupl .t o the PECVD .chanber by a ns oW n
A bcB8E T Sirh St WBsre g HORE (m g SeBurh PR ankF PR, = pC
solrcelor @ micfowhvef squreé he renote plasma chanber to the
process chamber, and (d) an exhaust line. 45. A PECVD
A Beesa Psdn SRIMA2 Whersia Saithrowe s geackatad iytan RReousce.

AFM%@EZE@%C%‘%E source. 46. A PECVD apparatus as

erern € vacuum source i S a vacuum
E)mp.rerhbte plddnta/Boapepathaiberas i n cl ai m 44 wherein the
ﬁags all.owing for transfer of the activated gas f{om
e

[SAFAIBIIOUHRRRY RIGHhBUINGcing fae pRrppiesRiagmafyice o

§9r!§ﬂféss«ﬁsa Se8RGLgLCANESH it gade to a shower head and
a direct condui T connecting the plasna source to the

(m o ed¥sCYRachambengherirtevengip plaga chember & eoupled to the
in, the short t t h head

B Entitios? BY e maans S0bhhEch! fentRs oppaivaha e’

hboimCRSsaiefanbEr3 erah fforh the Ferfof@plas@MadcHaniyér to the

restricting device to vary the proportion of activated
ga@erssmaﬁa)etrha@@gh the two paths. 49. A PECVD

p .in claima48 wherein the flow restricting
g‘@v%gé%éugrﬁ“%érli fice or a valve. 50. A PECVD appar at us

ARECVIDAppantdd ashinrcEim 4hwherdiatisd ekhanestlinetidieonnected to a

corrg;i ses at | east one throttle valve. 5 1. A PECVD
VaLYYH) 8PW§Cas in clai m 44 wherein the gas distribution

APECID SRESES RIS GRERGH 1Y vaaRrAXolRIERS V&uum
each gas supplied to the PE chanber through
pumgdi vi dual nass flow controllers for each gas, into a

] X chanber and t hen onnected to t d t
ANELTR SHRGs s Toos WREPREGS Diistis Al SR franster of
the! Aitivh il YaLfretheNenas pRiskid Efthbentosyiete otesyghdmsiesr

pi pi ng connecting a cylinder of a cleaning gas m xture
cempasefha sheeeonnesing Bivertela showert ipachand ardiiest gradyth

S Efig SR BREIma 895k B B!t process chamber.

A PECVD apparatus as in claim 47 wherein the short connecting tube to the
shower head and the direct conduit connecting the plasma source to the
process chamber each furfher comprise a flow restricting device to vary the
proportion of activated gas flowing through the two paths. |

A PECVD apparatus as in claim 48 wherein the flow restricting device is an
orifice or a valve.

A PECVD apparatus as in claim 44 wherein the exhaust line further comprises
at least one throttle valve.

A PECVD apparatus as in claim 44 wherein the gas distribution system
comprises piping connecting gas cylinders for each gas supplied to the PECVD
chamber through individual mass flow controllers for each gas, into a mixing

chamber and thence connected to the remote plasma source chamber.

19



52.

53.

54.

55.

connecting a source of inert gas through a mass flow
controller and into the renote plasm source chanber.

WG007MBECVD apparatus as in claim44 wherei n PEEUN®A6630032
al | ow ng for transfer of the activated gas fromthe

A REEVERaRidi 3R sscunem i85 52 i Riion aiktem

coﬂﬁ)ﬂsééf PSS cbm@;tmgm Bﬁmld%r of aWarﬁ\th S Hixtere @m@dglz ad
al um num and i s cool ed gas m xture for cleaning

magsdigy eenteelier intedhe K$@Dfﬁgp|ﬁﬁﬁmﬁwc®éh@@hﬁf @nd piingas,

cotfedroc5b o i BR ABUA B PARe NN PLERRE arl e

rerabteiplaghih surée caa,lm@rsource gas, and up to about 25%
of a sul fur source gas, wherejn the COﬁbll ned anount of

A PREVELPRRRI ARSI @agn B yenergn thsdnprNoallowagder rapsfer of
th%%b‘ﬁﬁ s'ﬂ% e Rrs&piaéna ERSMRT tdthE poRe8s cﬁm'bm is

e |norgan|c uorine source gas Is
cobled. The gas n1xture of cl ai m 55, mhereln t he carbon

S a fluorocgrbhon or dr ocar bon
A BECVS aBRietds S a8 73 it 1R sRELEF Bl BBiner BiotHE
alirRind® R or Shidiz&d BRimRUNPSA@Id ssgiegycl obut ane. 59. The
gas m xture of claimb55, wherein the sulfur source gas

A gas grgture for cleaning a CVD ‘reactor, comprising in molar percent of the
gas,

up to 25% of an oxygen source gas,

from about 50% to about 98% of an inorganic fluorine source gas,

up to about 25% of a carbon source gas, and

up to about 25% of a sulfur source gas, wherein the combined amount of

the carbon source gas plus the amount of the sulfur source gas is 1% to 25%.

56.
57.

58.

59.

The gas mixture of claim 55, wherein the inorganic fluorine source gas is NFs.
The gas mixture of claim 55, wherein the carbon source gas is a fluorocarbon or
a hydrocarbon.

The gas mixture of claim 57, wherein the carbon source gas is COz, CHs, CaFs,
or octofluorocyclobutane.

The gas mixture of claim 55, wherein the sulfur source gas is SFe.
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