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TITLE OF THE | NVENTI ON: METHOD FOR ENHANCI NG FLUORI NE
UTI LI ZATI ON  BACKGROUND OF THE | NVENTI ON [ 0001]

Chemi cal vapor deposition (CVD) and atom c | ayer
deposition (ALD) techni ques have been used to form
non-vol atile solid filns on a variety of substrates,
including for exanple, silicon wafers used for

sem conduct or devi ces. Further exanples of deposition
5 techni ques include atnospheric pressure chem catl
vapor deposition (APCVD), plasma enhanced cheni cal
vapor deposition (PECVD), |ow pressure chem cal vapor
deposition (LPCVD), TPhESOEJHERMENTIEONRSI tion (PVD),
nmet al -organi ¢ cheni cal vapor deposition (MOCVD),

atoni c | ayemMETHED FOR ENMANCHEE FEUORINEMHEATION

physi cal vapor deposition (PVD), sputter coating, and
epi taxi al deposition. These deposition techniques
typically 10 i nvoBAEKGROWUND OMYHE INVENTIQRase m xture
of chem cal reagents or precursors into a process: ...
[M(Hl’ro @hemidul ehporaipbsition axvm)eaﬁcaatanmayleﬁdewsnzém (ALD) technlques

efi BEEbaH o B R atie GOl Sion hyiat bribstelon ielying for

ek@rﬁﬁl’é] ?Im vtdmfahsb.mbkl feﬁm:ﬁfﬂid%tdﬂfdbhcw lblFlﬂ‘tHddﬁ ex&mples of deposition
ositi e gues is fhe sirabl e de
TRt e OUNeE R pssshii et SRaHEpos og FAPC D), plasma
eahlarfc&d &ﬁemical Yapor %p&imﬁGPEPE VYW pr%@éhfré lchérhfcﬁﬁvapor deposition
erein sses, for exa
V), Phveital agoreonption (RDY miAsisaric S3AmIRg @por feposition
(Meﬂ\ﬁmdatmce!ayéﬂ chelriidal @bsor deb@suﬁbrﬁmvm pﬁ;tﬁcaméﬁbrmﬁosutuon

(Bt S8ulat it and epavial depssifar. Fres IJ&%%EW lechniquéd picaly
wtvelvb rlntﬂidleemg ﬁépbﬂphéﬁ%ﬁiéctur@?ﬁ&diﬁ&él'réa ghtd Bﬁ:recur;sors into a
0OSI n o cne eri S a  oguct s
Hﬁ% ‘1@5@?59 u\we'eﬁ é?ifg ugger,cpda 3@@%8 e %Bﬂ@ﬂkﬁg pgssure,
ateasphires gtcl)i dnthe suscecdrand emcle%rfmﬁa ¢hifh ARPYECoatihg.

t hese substances is required to avoid particle

[aTooelmtJnemramda_ " &ms]gaattuﬁtbalmtharsa@b tﬁesélaéﬁt;srtnogn@mﬁqm isthe
e.C SI11..on O ese. S anc , r epos

udd R BB i peacliiation o DdCEER s B AR SER ot therslrfaces of the
pn‘dobsn chimnhm Iahe tﬁx@mﬂ wntan@mdrem t Il PE(CVB pmsmesss for example, not

o) 395 e tbsfiRth reqdivees pesting b thetsit ipetSial Bitiso the plasma
regictsl veith aaTd:Gaths_es gmml tc; @dmer?t'u miéﬁuﬁlcés w:tttun the process chamber.
or, n | cat e 0 Slte naterial s ransi
ST B0 plass st IB2RRigies Uestines it alspaas in Sk BRedton of the
e?b@mﬁeriéls%r@ﬁy -prabidcts Pohya9as Gistidrgs balthe Sutthces and fixtures
[.an

| d h
od AL MAR I b PR SRR AR ebs Subaness & gured to avoid
partitie formetionand toleaitdih s@ibledHinter 8befaios. THE bérhposition of these

subbs‘fanrégs d&rfdfebc L”IOH ancﬁor e%%ng residue, may vary depending upon the film
deposited and/or etched within the process chamber but may typically include, for
example, Si, SiO;, silicon nitride (SisN4), SIONyH,, or other dielectrics, organosilicon
materials, organosilicate compasite materials, transition metals such as W and Ta,

transition metal binary compounds such as WN, and TaN,, polymeric material, and
transition metal ternary compounds such as WN,C,. Many of these substances tend to

3 -1-



10

156

20

25

30

[ 0003] Since these substances could al so be

accunul ated undesirably on the chanber walls durlng
an etching and deposition process, process chanbers
need to be cleaned 5 periodically. The processing
chanbers have typically cl eaned by nmechani cal neans

chefilical§ skbld! b %&epfep%ﬁatdeﬂgsltléf’%rgﬂézref’tgﬂ”ﬁ? cVdds, %'eﬁ&ne difficuit

be used for chanber cleaning In 0" or
BWEB@be mechani cal neans. The aforenentioned nethods
undesirable for a variety of reasons, including

[9993ln o?ingg these gubgiangegcodlidalep by acatiulated uﬁﬂwrabbwn the chamber
WdlBRIuriRE @H'e’i&ﬂwd“é&f&j& aéan SFB&Qé ?r&&r E%ﬁéa’ﬁﬁel‘&rr{eﬁd to be cleaned

pol sonous chem™—a I ncr ase wear
Réfigeieally. Tha praessing Gnajnbere exe &apically clebngd by mechanical means

bR ag %@l‘mbbﬁ %@gﬁ% WeY 8@?'%@% ?ogl% U@ed‘@; Bt?éjrﬁb%rc‘l}eamng in

an attractl rhativ
additignitmgr mziaﬂe of esschpaicalumeans; Thiefaforemantionie inethods are

VALY SRERIRP a »aﬁg@%wc%% nBQ rlR%l?(ﬁ fing Bm (#@fbu HErea ased eoroa::ess

m-.ni mzes proc of 'i'ncre
chambacdown tuyne equirerhhanding othighly cprrosiverbepoistreas ichgmicals, and

ifr&sedwedr oAGhe ﬁ%cé?@&%a%?be@rtﬁog@\u/ %ﬁggfeﬁ %gﬁr&f)&% digassembly.

precursor using one of nore ac
0004,y B 808 A G0 SR, WOBEAT) b o B
apgioe wew:ltsamng. @ecmemuss bemusa ritchffers mecfdlmgadwmtagaes preserves
il enb oS3 AR Ly KOS oo
Prasiustivty. ﬂwmﬁi&plwmmmmrcﬂmm presaﬂst relabmfecsmzﬁmrare
gbReraldtAif a w&rgﬁjtﬂr@téﬁ&{ nqcﬁ'gg |~{) );:8& éﬂ%‘hg ﬁggtl\ §§ ﬁ\-siaj plasma,

ST |ng fesifdues  can e %o
rerovte plasma, dhermabheating) and ultre-onei ¢UNpbtreatmiint. cThe sactiveespecies

régct %df'l ﬂ’fé'_g%eo%ﬁfaﬁ'%'ggfog g@hﬁ@%ﬁ? ué'ssw@ul!I Hd PEcddsZhaftdér and form

an erous and
V@lBNﬁlSQQ'PIGS t idnderrajvapuumdltnm the p’DBtlbrSPedlﬂS iare removed from the

| cﬁélﬁiﬁ\#{‘ driar &_st é)rééﬁﬁ tﬂd Hﬁ?ﬂﬁ%? is @8#]% r ! g‘)yg%%8ﬁ9%‘t‘ Hggos?ﬁb(mnatenals or

eﬁsémmra@dwamobe V@mdziy readting avith m@lecufar qrrasonoicdluptiee. The most
df %béﬂch%fﬁb&ﬂ{e' é%&n@‘o?%le%ag@‘?é ﬁLféHnSS(F E‘n&&?sﬁo%g ver, F, by

uor 1 ne-cont al ni I on st ep uch
itsﬁf ip daagriouhaad dﬁg:uit to haMIe t Thaust ltrsrurefesred d geatticé (0 @S} fluorine-
r
oSHAARGROA Bk ES e 8 o LHS W SRy PRy Pfgrocarcn
Slmh aa % aod af Ttormfe@del tl]eJ réquisite finoanenatomsgusnaledules from these

ovvnst ream @ﬁb P @‘y ?@éﬁﬁ‘)ﬁ“mﬁ %B sﬁgﬁ)ggl’@%ﬁ%nﬁmﬁngom uv

treatmehtag@nde&s defi ned here| n describes the percentage
of fluorine used to formvolatile species by reacting
[0f05h Flerinercenthining gased arecéftentieaion remdingihedaptsitidh GFetching

retldtes. "(tHd fiddrine utilization of these fluorine-containing gases is sometimes low,
particularly for remote plasma downstream chemical cleaning. The term “flucrine
utilization” as defined herein describes the percentage of fluorine used to form volatile
species by rgacting with the materials {o be cleaned.
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[0006] A nethod that inproves the fluorine utilization
of a cleaning gas, thereby increasing the renoval
rate of a substance such as deposition and/ or etching
residues, is described herein. In one enbodi nent,
there is provided a process for enhancing the 5

fluorine utili ZagRiEF sﬁmmqggsw.qﬁv RFIBNSI ng a

fluorine source conprising ing a hydrogen source

[Gdbrﬁrl he\ Rbfos %ﬁatgﬁ\ﬁrdvgs ﬂ?er @Jrﬁ?igg tutlﬁiéftlBh Sf & Bfeat;i‘ﬁg %‘é@ Vt’hglpeby

lar ratio out
insredeingy g eemaval rale of & subslencesucicas d,epospgm@mqﬂor atching residues, s

dBEbRE rhe?eﬁﬁefr{)oné Q’ﬁB inSnP 1A %e@‘gﬁdé’& Orctest ?Hr enhancmg the

rermwngasusance rom'a ceo a proce
flaerinebdilizatinat ofisspracedsegastcopiprisingld ﬂUOGUQISQUTCWCDmPﬂﬂEQ adding a

hi&’rﬁgéff‘%&c& 9? ﬁ%gﬂ?ééfe%%@gs u%ﬁ\f’ah%hﬁgaﬁ‘f Herf 46 Proviid s molar ratio

risrn reactant se romthe
rapgingfrero mpoutsd. A talhord 0 E§eof hydinger saurde 4o flllarimei sogree.
source wherein the nolar ratio of hydrogen-source to
[600TDr imanatber aspect thpss isf provided e proa@ss fortremaiog e stbgance from a

oG | Ol 15 T bR o e S BREREY
cempssipgic providiny a pcesmgas campjsing aldeasd ohe reactant belacted from the

o5 LA B so Pl TENR8 sl el 6 s ot o
hydrogen-tourcé & ﬂwpe@burmhen@es fsorpraboutcﬂem to qhooit 899; #ddivating the

oA P P ETD S) yIE load 1RS; fapactng e
suhstarncenwith the segotivs ispecieptadiorm |ah@aat cpneom@& praduct; and removing

oA 758 A k=" o7 11

sourc T2 f1uorine
8y 5 B B i St P o o
swfge;of aqrrocassichgmbeethabisct deast partialistaatedawith thesubstapce
o R b e B BE B 185040 g om o
group sothprisihg tafwdmgmmxrmmommraoam wl'garem lee molar ratio of
%chlgéér? otilﬂ.lotn & s{a&r%‘étréﬂfessf%ﬁ hﬁéut‘oﬁof {ar Pﬁ'aact.ttlvatlng the

ne vo e produc renmoving the at eas
prookss gaseuqmg)dtjeastfqneramerw snucesetodorneaactive s(ESigs00®YSIn at least a
¥ \ .
o B B0y 5B DR oD 7 B, oD SRSk comacin
ﬂwmpsiasmylth the tegetive: speclesdo farm atdeqst oae nolatile paddugt; and -

SR gl B PP R
Pl e SRt g e

uflizatin offs processigasscampyisingrnitrogenditfigeride compeising: adding hydrogen
0O PrddZES HAL isdPLRBUMERicidht td Frovilé @TRbIESratio ranging from about 0.1

to about 0.3 of hydrogen to nitrogen trifluoride.
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5 [0011] Figure 2 is graph of the H2/NF3 rati o versus
SiQ2 etch rate in nanoneters/mnutes (nnmfmn) for
renote plasnma etching of SI02 materials. [0012]

Figure 3a provides a FTIR spectrum of an exhaust gas
streamfroma conparative process that did not use a
hydr og [

oY ovi derER SERECRIPTION O SEVERA e S OF HE RARINGS .
a process 10 disclosed herein wherein the process gas

AR P nd B SR i ST BnEE e G re.

Examoplesne utilization of a cleaning.gas, thereby
i ncreasing the renoval rate of a substance such as
[094 Db s Figuom?2 iengraph oétIBH-iIzr‘hy:arreh@ dersus SiQ etdfsraleircr i bed

R B Ao ORIin TSR0 AS BRI R bl | de

, [@:1 gﬂ F%@hﬁ% ﬁ%@:@k%sﬁr IRQ‘)%B@ unJ{l%? ap g%ﬁétﬁ?bé%stréérﬁ from a

Is're
cyhparatived processtbatdid inotzuse mhydvogerusdu.arcmlrgtsl gromlgaabl e.
For enbodi nents enpl oyi ng NF3 or ot her fluorine
[0948} cBiguren3b hrovisles arfr TIB sphetmirs of an eshduishbas strédno frommeprocess

e Rrb AR P U R EGE Rorllfs FRYURERR bofiRR,,

herein i nmproves the fluorine utilization of a fluorine
source such as NF3 by adding a certain anmobunt of a

sou a
7 unexpoct coE TAEED BEBCARTRON ORI MVEN AN e

~and unexpect ed rogen

O88 X o B (AR g
lnoreasmg dhqretmml fateof abuhstargeisuch aabloposmpreanﬂdqr efching residues, is
chREREG B AUy Rl (E T brihony usc
for oheyoberciganingjiareieniionica aad glf@nwwstr@s‘ Cm@ntiy its Alupiiee utilization
is ‘?QIQWB& Arhfn%re%é& RPRd ﬁl#cf?ﬂg'ﬁhfa%gﬁ Waﬂﬂet Phighly desirable. For

convent | onal omin rne-pase eani ng

empbedimentsi asmploying NEe A elhvet fuatine\souweinthggeaning ¢hemistry, a higher
Ao iR PatBlwcd SO0 it Bitbr Bpmershin (Go0),

(oSt T3P Ses Guttibed RolgfFnfANVERIAE krineGfateR of & fluorine
sayircq suchaasdiiF dhyeadding a cedaie amauobafe hyrregesy sstiessto the process
gdd, Sles%ﬁgﬂ'l nﬁﬁ'idrbd& &4 tHat Et‘%rcdﬁlltﬁﬁéﬁoﬁ%f 4 hérafdg%%oﬂfce and a

substan om at east a portion

ﬂunnnﬁ isauege in 8 cecler retiataé rangee ffrom ahaut BP1dx ahputed 99 pr frm about

nl tri ?W@"‘%W%%ﬁfzd Qﬁéﬁﬁ hse ht (e%%chlﬁQIHn%i rate of a

vasieheftibsianess inpluding 8 ﬁloar\yare@;smlymmceommdm erganosilicate
odffiSiiod ahvtdr W borhBoufitk ? i gttt i batand o conventipnal
wisdom im Juare-based etchlcleaning chemistries. The conventional wisdom suggests
that the addition of a hydrogen source into a fluorine-containing plasma may lead to
formation of HF which can result in the decrease of reactive fluorine atoms thereby
reducing' the,.effectiveness of the etch/clean processes.

[0016] The process disclosed herein is useful for cleaning a variety of substances from
at least a portion of a surface within a process chamber. Non-limiting examples of
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and TaNx, and transition netal ternary conpounds such:
as WNXCY. The substances nmay 5 be renoved from one or
nore surfaces within the process chanber and any
fixtures contained therein by contacting it with
reactive species under conditions sufficient to react

M Y ile. .
B3B8 Pkt 50 oL el 1) SOTUA. o ovr
dielestrics oprgpneaiicondnaiadalsycrganatifiicate eompdsite maderiale transition metals

S PR el o, PR G GorbiloRelaiay cohipglits AL as wi,
agh T atp mpditeinsifion nfefal tergary cooposiads sucheas WINGE|. nEhe substances may
b S &fe 10l BAG of HEnP LTSS vfnB B piceeR R chaingrard™iy fxures
ccprrta:ioe_g thertin rlubemgtaatimb it mith seadtine apeciés ylaqdr@undifidane TUMnt to

e
roES L I bR e Aot Wty BB e Tt dolle droflds as
ussdcheraini fetates tu reaefiongprdduatg end be+pedductstofdingremction between the
s {HsbiERs WIBRIRE PPoceR pHifod il SRy abpbios frsiel 2 dctiHling o
prbepssgds amyrisibg\Whydreger sowsce and afiuorineasmrceleposi ti on

(ALD) reactors, atomc |ayer chem cal vapor deposition
[00AZICVDhe proeass disslpsqhhareirds usefpbior diepniag vakous(stisBlances from the

ing8(e B s Dfarieth o 914 iteds oF e edebcoontaligf frein sueh
ag; dupnétdientedito Aluiinlets ﬁhd)buﬂegis,fﬁ'n_ewerl‘teadatv_mrk pleve platforms, etc
oo Tt B, Sk ey BB oo ot vror
depodition (CWBj ;at;tam mgtaliorigal%iﬁ,che?ﬂﬂ:émw ggpqé%ﬁbrfcil\le;g‘gg) reactors,
st e epaliod Bt bren Aol 87 Snstiel PR g o8y aLovD)
rebetesd, physical vapor déposition (BVB) rebtorsyaind spuitdricoatig tdaetors. The
4 50 FRE sl e 5 s 2R B e o
differénbmaferiaisiadiading Aetdls, lsuch aahitaﬂiurﬂ,. Suminum, stainless steel, nickel,

o 5% SRR i "Rl Bl Bl 1t PR . gz o
AltDe process gas. In one particular enbodi ment such as

when the process gas conprises H2 and NF3 as the -
[08Y8] oTenpraness ddsummprises athydexyenrsesmes & fluering sdunee, and optionally

‘ rati-0 of hydr. rce to fluorin o
2t 86 Rty PUind Thenot 8% e idrisBylce B g fiyorine
sourcepariges fromb ablout®nd sto abeah0.89 o romhabout 04 tp mboetds6 gaffom about

' F r ' 0 r h
0§Dt RlnbubdafnBPY miBLisha MY B Sefifodifp
sellactiod gEhydrogercard flutainesayrdes withindthe ipraddess gasy bivargeparticular

- i h wy trifluor han
erttiiqhpnt SHETES rebihe hiooPs SRS Corhiineb Ha N3 4e e pvaregen and
fluohine sodirced, nespattively, thé plefelradmolas catioasf hy8rogen source to fluorine
source may range from about 0.1 to about 0.3. However, in other embodiments, such as
when the process gas contains H; and F, the molar ratio may be broader such as
ranging from about 0.01 to about 0.99. Examples of hydrogen sources that may be used
include hydrogen (H. ), ammonia (NH3), methane (CH,), triflucromethane (CHF5),
fluoromethane (CH3F), CH,F., and mixtures thereof. The amount of hydrogen source
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present in the process gas may range fromO0. 1% to.
99.9%or fromO.1 to 50%0or from 0.1 to 40% by vol une
based upon the total volunme or process gas. [0019] The
process gas conprises a fluorine source. Exanples of
fluorine sources SU|tabIe for the process described

r |
Hi@ééﬁt ﬂhB‘fﬁ'(%j;‘é@s gSFg{a?S o 0' 1 ?tﬁ g?%gse%rﬁ 0 1 0P or from

uor | exa
f{ h itq 4%;&»’ vplumﬁ bagey upos rﬂmtql YORIMErIrPrecass gade) |
C2F202 (oxalyl fluoride), perfluorocarbons such as
[6019] Fheproessgascorprisesa uorne sirce roemmenef fluosne seurces

gﬁ_ggi%%@af E&f&%cnb Fé’r‘gfnqm:luﬁé Gt pﬁd cgﬂ)ﬁoﬁc acid), NF; (nitrogen

tri uor onet

t@&;emﬁgb B&e fmﬁfghbe)gﬂgmdﬁ I@l@aemtrosyl fluoride), C3F3Na (cyanunc ﬂuorlde),

‘%52? a0 KEFBON AR Lok aC L ATEPY B0 o oo

iitiboaibpas seecas GEF Cmd QEFrt-If étaoa dyshtofiudrioathes (eg b &Fig-O-CH;

I th
ﬁn%m g"ﬂa&%"F% uo% xoﬁ%légs suc u%ﬁ%s%‘sg orOogel;S glng
(perfl@drotetrahydrofuyan) eic. ooo(yoenqtm‘ hpyrpfludrocarbemms sual. gs CHaoCFa (HFE-

ol SRR AR S bR (B b lbrbmdllne () and FOCF-OF

(bilstqﬁfmomw'fdtﬂwsomethanQQMHBNc flperopenprides sactoas CFiy-0eP;CF; (bis-

BRI ATETIRIEES Ot e ARSI A oo cFr0 0 0.0,

etd. Lfvoreaminesischia GbsN (perfiunneroethylamine, ﬂwmtrksesucbyasaczﬁN
, : I o,

(Bé%fl}%%%%?eg%% {/@?Fﬁs ggés}ﬂa%g{’) @%8@?1('%?'3& ESDE q}l ens, vacuum

(Buoropitrpsyiysthans), and XQF, (sarbonlyl AuoridejuThe Basrird source can be

JBERFEAPA SO0 b mRAE i B, 181 e oot Bycers, st
dalmemy systéras, Macuws slelivesy systems,rayel/drrsofid Or lidid-bag! @rnecators that

cf/%‘?éﬁnhé%ﬁl(ypﬁﬁe SURL ¥t ﬂ‘nglpﬁﬁ 8;%33 aRea L?I‘R of Hﬁ%ﬁn%t sadun%e present

pr ocess gas cer al n
within tbe prowess gaecan winge éom @a%eio 99 Y%oar forinl 28%t to 99Pkeby volume

- : q
bgé‘%’*@%@ (R8 sgar e BorBhesst®s’ ' on. ke gpton, and.
BB 1y 3o B ) B il A e Y e o
paess@ay Exdropies bfaaenﬂ dilysnt gasesdhciude nitreger, CQ45 hpliwo aseon,
o5, 5 b PO BB R fert it
theqyrgeessgascan rangesfingh 83 d¢d 99.9%gbynvalomedased npomthdal volume of

pgg‘%ggg 02) ozone (03), carbon nonoxide (CO, carbon
I'oX1 de " (C02), nitrogen di oxide (NO2), nitrous oxide

' t
1687 Ty B rsfterhSdpet e ool Qhe i A olntbl % o
oxygenmr anmxygemsougse. sbxamples slmiyges solraes include oxygen (O;), ozone
(Os), carbon monoxide (CO), carbon dioxide (CO;), nitrogen dioxide (NO;) nitrous oxide
(N20), nitric oxide (NO), water (H;0), and mixtures thereof.

[0022] The process gas may be activated by one or more energy solrces such as, but
not limitéd to, in situ plasma, remote plasma, remote thermal/catalytic activation, in-situ
thermal heating, electron attachment, and photo activation to form reactive species.
These sources may be used alone or in combination.
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not limted to, in situ plasma, renote plasm, renote
thermal /catal ytic activation, in-situ thernmal

heati ng, electron attachnment, and photo activation to
formreactive species. These sources nmay be used

al one or in conbination. -6 [0023] Thermal or plasma

PPN . Coni £ .
(80231 el Ut BERBEGT o dhaibdtbn o Bldnficafityfioact the
effigesy ahtbesiching antbelaaning oh ceriain substaacesoin thermal heating activation,

055 SN B3 ARt PO R BB v

stive
heatess or Ihietemse daraps. gl procedsagasds thermalyodgrosmdsed indo reactive

' ' t I
3084 38 08 o0 BT HRbuBBBE B loven. Bt
teropgretune may atenypralide i envdrde souree tneveygonseteaction activation energy
o1 R BphRELhE Fodon Kitee "PordPoinil prifRtcn.ihe Alifpte can be
hlbbted&w bslgaﬁt W0Ca) ot Iea;wa%%’d:éb@aﬂéaéte@w °CLOPKe pksi@e range is
eas or eas e pressure range is

gﬁ@?f@b%f&gﬁfﬁr tﬂ]‘?%brfot”oo?é OfFdp ?a—g'P"'IIO_ Torr to 76_(g) Torr.
07 SO ATER 1 Sl b 6o e
upsdesdivatathe wi:éggﬁas, hpdrobbn and NGoriSgdsmEIBEUIES contained within

contained within e process gas nm e broken down.
M ProFRs s A G biaksh goih b don figaharétq Bam sgraiva goecies such as
recetiod iov.g ah@ g@diealﬂsi rnéiﬂa@lr@-coﬁmﬁﬁg lr?@rfs iahig éﬁdié&lélgéﬁ fedct with the
ubHred SitBtessto Tory Hneils SesclosiBatenn e emexad fiom the process
chambares) Viacoiimntpienpe!l TR #SsitlopiadmaBetivabion, \ohe WdR\gernBmase the plasma

Eor | j tu asma actjvati , one can generate the
Wi B 13056 W, 5er s hbiy Wit X nabter SERBGA st B2, or at least
0 5oMrmZrlenatiléast atWIchs 10rfe can\Wis8perate thé inl sidlasniha &t RF
One can al so operate the

W cn? | ng.
ff?ﬁlﬁ%?ﬁ%«f%&ﬂﬁi?-%ﬁiﬂﬂ t%e%m@nﬁ gleanipg,of groHaded ehambayyalls
athd/oeiiaras eostamadithae ThepRiting PREUSDAY is ehbrally ML Pange of 2.5

et aBR 7800 BTom 0 gton, oF 18 RRIP 201 Lo GapURgaRY. i can

- albo timbinettiernidl 40d plasfia ehbafideméntt 0 20 Torr.

Optionally, one can also combine thernal and plasma
[0eabpnirestain emb&iipbnisha eanbtel detivitioAGoIRB! Suchaas), BODNGE limited to,
act i Vaiil on source, su?h as, but. not limted to, a. .
A NP R IgMas TRYres, & reRote heaTRkactivatiop sairog 8 Femele rtalytically
aai@afed%o\lljmﬂ;er ﬁf@kﬂubr_@aWchthdoﬂﬂiil’rés théedl }éﬁfi etﬂgam@ B6MvatiBh, id used in
ur ce i ch conbi nes e and ca C i
a6 adn Ay B30 Banerste e voRR Wodust I egrotqplasma dleaning,
thBlpWs tglas mvabett% hﬁm%h%ttvb'sﬁeéié@ dulide of ﬂ'{d aﬁptasnifon chamber
sie, ani ng, e prodbss s is.activated to form
whGBEHY piodfieeiat tue PEcREs Shamig Qupiate ihe Angemigaubsiance.
Eittier @h RF 6r 4 RiidrewaVesburdd Sarl fiéhepite @96 fentdié plaSmalsdurce. In
a/dol ati ze .t he yndesired srbst ance. ) .
addition, reactions between remote plasma generated reactive species and the
subst%nce to be removed c¢an be activated/enhanced by heating the reactor. The
reaction between the remote plasma generated reactive species and substance to be
removed can be activated and/or enhanced by heating the reactor to a temperature

sufficient to dissociate the hydrogen and fluorine containing sources contained within the
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Either an RF or a m crowave source can generate the
renote plasma source. In addition, reactions between
renot e plasna generated reactive species and the 30
substance to be renoved can be activated/ enhanced by
heating the reactor. The reacti on between the renote

pﬂic@§é’@aé§ S %e%ﬂ'crt&‘ﬁﬁér' ® ? Yo %a?é‘@%@%%%g‘ f8abifon with the

renoved can actlvate or enhanced
substancede bgremgved denands @ndhepro&ass gas ®eipet o di ssoc. ate

t he hydrogen and fl uorine containing sources contained
[0Q26hi ﬁ«ltenmatwaly, theelgaring n@mulw@m$sqmte¢mwmwrav:olet

(U\@q"slﬂi"aﬁ& fo% rdaeabé réﬂfa FJdré?f&n‘Mah'%isIor}fss:st breaking
bstance to e renove epen S on e process
theestiiopa chpmabhonalstie theaunwasited mal.wlatsl bammgcnee‘sethel regoval rates
oﬁﬁ@sﬁ?stghc%stgcdfe%% vBy intense ultraviol et (U\/)

l.a

ion to formreactive radicals and atons

dgﬁg%a Har;%ﬂl?g%@gﬁ{néloe}cﬁzﬂoﬁt tHY' e eg&ég%as%r%t ti’lSwE ttI'irB[]gh a heated area

uniwant

' omtﬁida ohthe nrheeasemmler rlaler@sthecgastdmcsm lmmtaab wiith the high

oceggsgﬁ:{@%glle% rou&%w'beﬁ {)é’{ gkgﬁéha AE‘%P%HWS e
anﬁmams pncludesthe ¢lha mbe catalyehc epnvetr@r tmdisshiciate theapreseds/gas, or a

ccgﬁéléiﬁl@g dgﬂfl ﬁ%}wtghﬁ?é\“r?g% rndtc% aqtr ean t\.gi f%‘ t'gtreﬁaa¥'?€€°%l qf the
hyssegercanddiuorine lsourees withindbe pfocassgasl yti c converter to

di ssoci ate the process gas, or a conbination of -
[0028} ninl altemative: gmbodiments ithe nclecuies lof thg hydrdgeni dridifalogne sources

B e B HEEIRER, ol BB s oo

OCESS
regetivedipesies s Fot exanplé elivaviolet cdeephdiravjaletareivagndm ukraviolet

rellaBf bEHE 881 Eiing Ll o b blifeo BB 496 St diia be removed as.

I SSOCI a ense-exposure 1o
weieeﬁ:dlsmﬁpg dmesbydrmn Mﬂqﬁrmelsbmcas withist the gpenmess gas thereby

inttebLiny ¢ %r,gg@gﬂayegcdf% dedsfud ghkgsttan adi ation can

assli S I'ng strong chem Cca S'in the substance

[Ohf%]b e(?fl'n‘ém\é‘éﬂs Bfacti&tion ?razl é’ﬁlﬁ?ﬁ&h@“ B%hd EISallﬁt{ﬂ ép&%gses can also

uori ne sources w rocess gas
be eroplexed. n@ortexsnpamnalcan asesh@tbnumbucach absmcabreactuons sither

f
B 01 B3R R ) 8 @B

reagtiongy &me morala@mﬂaéalytmmrwamqm cleiapingrgasasl tafoam reactive

spebel¥&a g@%égm sEbhdfbers’ €Mt el y or in situ, to

generate r t1ve species and enhance the

G36h FHY [rb6AR! 3 éfﬂ%ﬂ bg)fll‘asﬁé'tgd A ﬁgré‘aéatail with reference to
cat aw%/tl C converS| on 0 INg gases
the fadleWingExappmies, but it should ba undlgstmd thatdleprocesmistnet deemed to be

linfi@d 3dretie Process described herein will be
nf'@?ustreiaq]ed in nore detail with reference to

EXAMPLES

[0031] The following are experimental examples showing how the addition of a
hydrogen source fo a fluorine source in a particular molar ratio enhances the etch rates
of a variety of substances including Si, SiO;, and WN,C,.

[0032] Figure 1 is a schematic diagram of the experimental setup. A remote plasma
generator from MKS (Mode! Astron AX7561) was directly mounted on top of a reactor
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- 25 the foll owi ng Exanpl es, but it should be understood
that the process is not deened to be |imted thereto.
EXAMPLES [0031] The follow ng are experi nental
exanpl es show ng how the addition of a 30 hydrogen
source to a fluorine source in a particular nolar

- . o r V 1 ) : . - 1
SRR, IR S G e i s st
inchegr Biggre tshowscthe sehemalinl diggram offthe mspesimantal setvpal Remote
n I

oS e ) GRS RSTEES %l ORIt or wimington
MAg avasanounte] o taplefreactorct i Thexdistantaebetwenn ekib 14.0f plasia

. . g . <
o210 S04 0 s RS O AR forBh 1o 26T Sampe 16
was placedroniaasiuriaee oppedistad heatepli Buisthe heaterivesarseti@o pbtain different

{RafS TRt ER) PRotes SRRTLNES o0 B O bBndiptor 19 viaige 20. In
altiofsthenares, et chambee prassare wds ephatd tdr githn thecassistdrceaf gump port

24 est sanple 16 was approxi mately six inches (15.25
¢m. Sanple 16 was placed on a surface of pedestal

e T ] tal ' o
108831 For Sacn SABeNTBHBLAN 31481 Sub HL Al bl § bt it insie
thel prscess ghambet. Ghe thamber waptheP@vatuatedh| Prooéss gaseswwere fed into

it h _

top HFpBEI A it sl wS Blanfibod) 1 feaialdeg® were then
addivptedibyententote plasma. The tetailerpéxperniaental sequence avasUisiear as follows:

plate inside the process chanber. The chanber was

t HenVentahaetbedandoperetentgioors were fed into the

c Rantead atedt sirapleeandmiassdtontdoers st abi |l i zed. The

r SacEvamatyachesnbee te resieb haselinei vaate pbassare; enot e

p Masimirodidesargen fil) add siabiize prassate; sequence was | i st ed

a®. f bimansthe temdterplasnhenpdeer; and open front door; 15 2.

L &adintroduce processigasasd cl ose front door; 3. Evacuate

c fanbem dfidhe ezrodtelpiasnla pewerafiet enppeset imep; 4.

| 8t r Sivprocesg flows Anyl exacliade efambere pressure; 5. Turn

0. t Yientrobaober ahdieatiovedhe tgst s@npledon ardiysis. pr ocess

gases; 20 7. Turn off the renote plasma power after a
[0pB4s effort WG, arél SiSk dihe ptabhorateswésd determsineld by #eusenaple’s thickness

diﬁ%\?ﬂgeﬁé?fygq ast?vaeéﬁer(ill?@m?ﬁéte 3|%gmraet}erah'ﬁ¥ﬁ. H?& tHickhbss Q{WI\ECY was
measured by profilometer while the thickness of SiO; was measured by reflectometer.
For 8i, the etch rate was determined by the sample's weight change before and after the
remote plasma treatment. A 1" square piece of WN,C,, a 4" blank Si wafer, and a 4"
silicon wafer coated with 1 micrometer SiO; film were used as the test samples.

Example 1: Remote plasma cleaning of silicon (Si) materials

[0035] An experiment illustrating the effect of a remote plasma activated process gas
with and without the addition of a hydrogen source is illustrated herein using a silica (Si)
test samble (i.g., a 4" blank Si wafer). The experimental setup is the same as that
described above. Table 1 lists the experimental results when Si was used as the
substance. A balance was used to check the weight change of the Si test samples
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[0034] For WAXC,, and S1Q2, the etch rate was

determ ned by the sanple's thickness 25 difference
before and after the renote plasma treatnent. The

t hi ckness of WNxCy was neasured by profilonmeter while
the thickness of S102 was nmeasured by reflectoneter.

béftle aild a d?%eefebﬂbfté ?fg@rg@ﬁ%a?ﬁélrﬁr t RS @h&ﬁﬁa@%’eﬁn&l as the Si

wel g ange renot e
wengbtalpa% per. unk time efqemote pasoe tr@atnwmtcTabla lzshowﬁ thet the Si removal

w&@g Brflc@‘“gr @cr%ﬁsefdsr) 1509, M@gtﬁrwﬁﬁﬂ{e%dﬂowahg addition.

mWwere used as the test sanples.

| Tﬁﬁéerﬁﬁ"}otf%ee@'@%'%%ﬁé gg of silicon (Si)

perinment 1l I ustratl ng the effect

ﬁﬁ) ﬁc"” r\(ggg}dl Oa“:a'{‘ﬂ W;;( i ogs%g "Z@H I;’)"S‘Itll'-' A& removal
ole atlo . rate

1|| |l ustrat pd WiEF el n |usi M\ :(‘,1%” . ',&ng/min)

L) TIIN IIIC I\[JCI IICIIL QT 'J
¢ pgrg%e bs thdt 38 d:;%(rl bed aboVe. Thble 1 Iists thag
e %'T'P'r)ren al resultls when S| {was used as the

If‘arce A bal ande was used to check{the wei ght
fhe Q: t St oa'nnl od bhot aro nnnl a]ft

b ;r eal¥ :f ?A Thc\ 1@‘-’ "o 'Ynu:I:
defi ned as the Si oss pe n renot e

Em'ag'ﬁg Rt plsmerdear g ot deqmté @%5 @”ﬁ?mvm

(ORSE) 1poAirial ap B e bRl Sl s Fprovidos

a Fefphioagallﬂétra‘ﬁbn mﬁ&erembﬁof the RWNF ; Nokar rativorP8iC,| eteh tdle. Ata

cevte 50 5 1 5 R SBFSR BE) pE en r

mEﬁééB&!l ﬁnth tHeindredsd i the P/NFQ rdtfd. Figur® fulliémnglows 2hat the increase

ma ¢l anln

inaiTiate as (498 sentienal S piater HehFretoe, rieruhe| KIAE, mole atio

IMLUIU

rdabiRéd 0astheirbRetea9MRa wab @wuﬁ?@smvwsmsua, Heaphas ad etching at

%L)»%ita%z%&if 8-rate. At a 10 condition of 50 secm Ar. 50
[Oitgfg] lgures r;(jlandr':l gboér[avucig ?hnbﬁlﬁo rp%%t?&rrnedf theh«(aexhsalugt2 gas sctreams taken
during the SiO; etching processes without and with H; addition, respectively. A
comparison of Figures 3a and 3b shows that the H, addition generates HF and increases
the SiF, absorbance intensity. One possible reaction pathway for HF generation is H- +
F, -+ HF + F-. In this connection, it is believed that the NF; utilization may be increased
because more F radicals are generated through the reaction between the H- radical and
the recambined F, molecule. The increase of SiF, absorbance intensity of Figure 3b
compared to Figure 3a further confirms the increase of SiO; etch rate and NF; utilization
with H; addition.

[0038] Table 2 provides various experimental results of SiO; etching at three different
NF4 ﬂcgw rates, 50 scem, 100 scem, and 150 scem and with and without the addition of
H,. The results in Table 2 confirm that the effect of Hy addition on SiO; etching was more
significant at a lower flow ranges.



increased with the increase of the H2/NF3 ratio.. :
Figure 2 further shows that the increase in etch rate
was | ess significant at higher H2/NF3 ratios. Wen the
H2/ NF3 nole ratio reached 0.4, the renote plasma was

di stinguished. As.a result, there was no etching at a
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0038]. Tabl e provi des various experimnental resul
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Renot e asma etchin 81 mat er | al
HREEY albys Rpree o TEDlE 3 ngioaiednat sdstiian of Shrpnbaemes the etching
r&fen? Nin)  Comp. Ex. 2a 50 50 0 14 Ex. 2a 50 50 8.5 25
Conmp. Ex. 2b 100 100 0 23 Ex. 2b 100 100 15 39 Conp.
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Table 2CoHRsER PSS EtiRaks uhas: DiiBreAlARdilve GRAR39] To
RRARVE BaE Te NEL fick | FEEEVEE&? @.Pﬂatfaé Si0; etch

three other qase®. , apd Ver & sedddithe

for its effegt on Si|C2 (gtcd'gﬁjl ng| a Oﬁow?dd émss tgt%tvse?r;r;%e

N173- Tablle 3 lists {the SiQ2 etch rate cha ges Usi g  case -
mBl L. RO TTVE TS . |oNdeTg the [sameg N3 firow 4

r o4 eNérd)0 |sccm), chgnber pressure (4 torf), and thg

TEX.2d (Hs)' 1° ©108YU" T[T VE 100 15 0.15 1.3

Comp. Ex. 100 100 15 0.16 1
2e (Ar)

Comp. Ex. 100 100 15 0.15 1
2f (He)

Comp. Ex. 100 100 20 0.2 0.6
29 (Og)

*
Example 3. Remote plasma cleaning of ternary tungsten nitride carbide (WN,C,)
materials

[0040] At thé same Ar and NF; flow rates (50 sccm for both Arand NF3), the same
reactor chamber pressure (4 torr), and the same etch time (2 minutes), the H, flow rate
was incrementally changed from 0 to 15 sccm. Table 4 lists the WN,C, etch rates at the
different H, ﬂoyy rates. With the addition of either 10 sccm H; or 15 scem Ha, the entire
WN,C, layer was etched away. In addition, a significant amount of Si was also etched at
both conditions. Among all the test conditions, the film thickness was reduced the most
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gas to NF3, H2 was found to be the only additive. gas

that significantly increased the S102 etch rate. By

contrast, the addition of 02 at an O2/NF3 ratio of

0. 15 decreased the Si2 10 etch rate by half. The

results of Table 3 indicate that addition of H2
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addition, a significant anount of Si was al so etched
at both conditions. Arong all the test conditions,
the filmthickness was reduced the nost -11 at the
H2/ NF3 ratio of 0.2, which indicates that there is an
opti mum H2/ NF3 nolar ratio for the etching of WCy

>45

materials. Table 4. Renote plasma etching of WNXC
materials Run# NF3 flow Ar flow H2 Flow H2/ NF3 Film
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-12 CLAIM5 1. A process for enhancing the fluorine
utilization of a process gagLAR®rising a fluorine

source conprising: adding a hydrogen source to the

process gas prodesdnNforMentiinciidl fhes | fRidkné Ouilizatiord xfaa ?rocess gas
nol ar ratio ranging fromabout 0.01 to about 0.99 o

comprisiticP 8 FofNs! E6@ cb @ofrpHSIhg N dERY £ BydrégerlsdUire &5 thef ocess gas
renmoving a substance froma surface of a process

inCPaRstint sufffiernit fo Bﬁovlo%aéhoﬁ”réﬂiqﬁl}dnbin@%rﬁgb%tt(fﬂO’{ Reabout 0.99 of

it
subst ance, said process conprising: providing a

hRIr 85§ So S tMITRRE Sbixgeat | east one reactant sel ected
fromthe group conprising a hydrogen source and a

fluopi ne AQEESsBIErRIdVing e siB¥tRcelTAinh @ Bifaby Bf # BRItess chamber
10 source to fluorine source ranges from about 0.01 to

thaPR Y 1ddsPFartiaff dostdd With IS UBSRRES SaltfSrobsds Wbniristast

one energy source to formreactive - SpPecl es,

: Conmﬁﬁdﬁ{e@) d P%é@@éé?gc:}rlﬁi)?éﬂiﬁd‘afl SsticFR b é’tﬁntsdb?é‘&t@nsfrﬁrg the group

for ast one vo product; and renoving t

odgﬁpﬁsﬁﬁsé h?%\%%ﬁ%ﬂﬁr‘c& @nd ra"lﬂ}b?ibe %P&%W‘%r h ‘ﬂ?eeﬁr%ﬁ; éatio of hydrogen

anber . € process O aim 2 erern

A i AR oS g 7L o

Oyt TP 2 BrocRes TS (g 86 RSL o0P) oy, soyrse, o form reactive
species;

contacting the substance with the reactive species to form at least one volatile
product; and removing the at least one volatile product from the process chamber.

3. The process of claim 2 wherein the fluorine source comprises at least one
selected from Fy, HF, NF3;; SFg; COF;; NOF; CaFsNg; CoF20;; a perfluorocarbon; a |
hydrofluorocarbon; an oxyfiugrocarbon; an oxygenated hydrofluorocarbon; a
hypofluorite; a hydrofluoroether; a fluoroperoxide; a fluorofrioxide; a fluoroamine; a
fluoronitrile; and mixtures thereof.

4. The process of claim 2 wherein the hydrogen source comprises at least
one selected from Hy; NH3; CH.,; CHF3; CH,F2: CH4F; and mixtures thereof.

5. The process of claim 2 wherein the process gas further comprises at least
one inert diluent gas selected from N, He, Ne, Kr, Xe, Ar, and mixtures thereof.

»

6. The process of claim 2 wherein the at ieast one energy source is a remote

plasma source.
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hypofl uorite; a hydrofluoroether, a fluoroperoxide; a
fluorotrioxide; a fluoroamne; a fluoronitrile; and

m xtures thereof. 20 4 The process of claim2 wherein

t he hydrogen source conprises at |east one selected
fromH2; NH3; CH4; CHF3; CH2F2; CH3F; and m xtures

thergof. Ppe B?Scefé_&oéfeééinpls whételR the"PIBERhNs [qReRIt@s 38 % plasma

gas further conprises at |east one Inert diluent gas

preStiie 0Pl slth 3N, He, Ne, Kr, Xe, Ar, and mXxtures
thereof. 6. The process of claim2 wherein the at

| of ¢l ai
957G, OTn PLbeel Uickin, € Wbt TN plcéeE b MITRof Plg R power

ra%ﬁmgrf,%},?%@{o ,g(?@mgl pressure of 0.5 to 50 Torr. 8.

e“process o alm b6 wherein the plasma generator

5 has @ RF R?)\P&fess rfmminfgraoﬁﬂﬁg%c%‘?#rp a %Raé/éa{;ftac‘grogggsachamber

A pro'cess or renbvi ng a~substance oma surtac

B B RO oot HoThokES, SR BT,
a. pr@’tﬁggﬁp%ﬁé{qo%ﬁ%g)géssémp@sgn#p&qaést et rﬁ@tg?ﬂt%‘ected from the group

sel e roup rising a ogen source

oL 88 5, S RS R, bR Bt ro o
oSy ot A5 B el G SRR

10 SPEKRRNRTHE! B 585 g 0 P BRI o reaive

S8k 8 A A o R0 4 K oSRGE o e

t one volatile product fromthe process
pre aﬁbaée‘ﬁb%gﬁo. A process for enhancing the fluorine

L) A O lRER5CRin 5 o AUR SURP k8 g e voatie
rg@lf‘ct'!afhaan anmount sufficient to provide a nolar ratio

P ranging fromabout 0.1 to about 0.3 of hydrogen to
15 nit rrgg%(}intgrthé Eﬁgﬁétdo%e \ioilazhie product from the process chamber.

10. A process for enhancing the fluorine utilization of a process gas
comprising nitrogen trifluoride comprising: adding hydrogen to the process gas in an
~ amount sufficient to provide a molar ratio ranging from about 0.1 to about 0.3 of

hydrogen to nitrogen trifluoride.
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