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SELECTI VE ETCHI NG OF TI TANI UM NI TRI DE W TH XENON

DI FLUORI DE BACKGROUND OF THE | NVENTI ON [0001] In the
el ectronics industry various deposition techni ques
have been devel oped wherein selected materials are
deposited on a target substrate to produce el ectronic
conponents such as sem conductors. One type of
deposition process is chem cal vapor 5 deposition
(CVD), wherein gaseous reactants are introduced into a

e R PR T oroe

CVWDis referred to a plasma enhanced CVD ( PECVD)
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F5; as etchant cleaning agents. In these cleaning operatlons a chemically active
fluorine species, which is normally carried in a process gas, converts the unwanted and
contaminating residue to volatile products. Then, the volatile products are swept with the

process gas from the reactor.

[0004] The following references are illustrative of processes for the deposition of films
in semiconductor manufacture and the cleaning of deposition chambers, tools and
equipment and the etching of substrates:

[0005]1 US 5,421,957 discloses a process for the low temperature cleaning of cold-wall
CVD chambers. The process is carried out, in situ, under moisture free conditions.
Cleaning of films of various materials such as epitaxial silicon, polysilicon, silicon nitride,
silicon oxide, and refractory metals, titanium, tungsten and their silicides is effected using
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CVD chanbers. The process is carried out, in situ,
under noisture free conditions. Ceaning of filns of
various materials such as epitaxial silicon,
pol ysilicon, silicon nitride, silicon oxide, and
refractory netals, titanium tungsten and their

[ i.s. ef: IS : . :
R EE R Sy ob Bie TR cibrife pfLAGE sulfnertin brde, and
chboaftetnafiiodde. and carbon tetrafl uoride. [0006] US

6, 051, 052 di scl oses the ani sotropic etching of a
[@006] udiS A6 052ldisckiseg thef anisotiapic etoinipg ohal spndsicy matexiaBusing

"GPP ARE] £8° B 2 s pR BRSBTS Al R ced plsma. e
etphantsadoasistdf d fiuorinelvempoang acd asiobtel gay sefectts fram thexgroup
cfiedia g e AR MTKE " ThE RGBT HES 1l hRb e circuity
assdntedeith assubstratel mhaymboﬂmmammm &ayenis formed over an
ISRV E aeF ah @ Lor RS iR SR ASE MU R ARSI flh-copper aloy
layboisdoined abdvarthe fitanaye layananda tifanum nitridei layar dermesyabove that.

formed above that. 10 [0007] US 2003/0047691 di scl oses
[a00F] udkS 20030@47600 diselses theousesafietegtroo beamiprocessing to etch or

SRR B e 6 P 5E ol OBt cncn

difluorideisedtivated by etectrnn beam to etakt tohgstemgsd tamtadurd nitride.
tantalumnitride. [0008] GB 2,183,204 A discloses the
[0098] ofGB\E3 88,204 tAhdis¢losesi the usé obNFnfpr Ufe €\ cigapingiof COMD

d&%s(ﬁmr rd\PQr%t, Bo?t ,ﬁgﬁés, f@ﬂ%’ggHE‘WaFe %‘?@gll 4s ag\f\yog@l?ctor wafers.

sem conduct or ' wa 'S 1n uce
NF¢ &t iptlodusadtto n Heateelreastsr infex88€s & IF50r°Coot a time sufficient to remove

s HEKE bor BIRE B BT rieE uoBRe Y R ToheiBry merats
amcb$ificidésory netals and silicides. [0009] Holt, J. R,
et al, Conparison of the Interactions of XeF2 and F2

[0808h HSIt(1 () ¢t2K1FompParideimed thedmésraction2 @0 XeF & F2 with
QPRSI 8. O35 30, B OB b oo
w2 Si(Xe¢)e2X st 260 Kcartdoproeides a capipdiisorawith 5 oXefepiasafioliyd to react
Ay B PR SRR eRig e n wonon

[ogsb], " Egérggﬁa?.g' sﬂ%%lgg s%{%ééfqﬁ%%réfp;a@gwgﬁ@rﬁ S&Roh PiHLLH8e, SPIE
Vol. 2641/117-127 discloses the use of XeF; as a gas phase, room temperature,
isotropic, silicon etchant and noted that it has a high selectivity for many materials used
in microelectromechanical systems such as aluminum, photoresist and silicon dioxide.
At page 119 it is also noted that XeF; has a selectivity of greater that 1000:1 to silicon
dioxide as a well as copper, gold, titanium-nickel alloy and acrylic when patterned on a

silicon substrate.

[0011] Isaac, W.C. et al, Gas Phase Puise Etching of Silicon For MEMS With Xenon
Difluoride, 1999 |EEE, 1637-1642 discloses the use of XeF; as an isotropic gas-phase
etchant for silicon. 1t is reported that XeF, has high selectivity to many metals, dielectrics
and polymers in integrated circuit fabrication. The authors also note at page 1637 that
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isotropic, silicon etchant and noted that it has a

hi gh selectivity for many materials used 25 in

m croel ect romechani cal systens such as al unm num
photoresi st and silicon dioxide. At page 119 it is

al so noted that XeF2 has a selectivity of greater that

0:1 to.sili di_ oxi d [ | o d,
0 b S AR BB e, an
sflicbn caridau bSignititant eldhihigldisd BadibeenVdiiSengid fat molypdedtimsiticon; and
tigul.sel t chi ng_of. %i licon For MEMS Wth Xenon 30
TS 'Pﬂ%,ré%w@"?EEE, 1637- 1642 di scl oses the use of
72,9t 5 R s oS08 bt AP B a0
Japttla'y_StQ?fQ,i 'gj-EBUrsbIQSes %?Chsetﬁf f@ﬁms :aﬁd IOF; egicdi€ generated in
cLrcult ri cat,l on, .. e, aut SO, .not e, at, page
fiyprosainnnPlasma Deuce jssheiation of Chr (etRUIAG Sait iAo produce
mhtiarSiEmﬁédqsa dhe S;'jamg&_tcﬁmc{eﬁitb 'rtmﬂseiéflcmjﬁgﬁo Sﬁlg@ilicon at 300 K at
S | car e. I gni 11 can cnl SO een
1K PR eE e eyt StiNecThE 1S o BB e motybdenum,
titaniLing and p][cﬂ?hltmbng'stwt E[t&ﬁﬁg?x Fzﬂ)f\/&?bg,tsigm,arlﬁ ngl wasT:ﬁtht e{f;active with
cpnl n Q |11 COon, . e a r . S. .
Xkt Bt dlcifa Ras sROEGH 16 Sgsonsein clachBRer (nPaibergent. The
aathorsscanibdet dhatatitoeg of thesemateridl dequirdd beraPE,EF BIMs but also

.asma_induced dissociation of CF4 in etching solid
r%uzﬁlogoq{ Wq(}‘ BMPEIAIE- vol atil e SiF4 species. The paper

433" R8I agndBin Blechve iy FAnS i GaE b9 et to remove
diffeio® tall'an?\l'emith?ibm mﬁéi?bﬁ’_ﬁiler?dﬁﬂ@ﬁ $ilicon giokﬂéi(gmszjﬁgﬁh silicon nitride
a ngs . ching o i i a

(SISF Bap s R, T SURtabds Bt Rufitin e als SEprBiopndtor
deposition ghaetbens; partfculare guatn clambers ahdroanzinerd, serivenductor tools
a4 b @a™ dfatitine SabsbSin Adafue basesarda i 8t atipcl TN fims
alse apackaBi.and[SINkAHaddwdrel, trseraford, ndtcdapyabtdioe edrmseng TiN
oo i pE3e o nddRRL ARRAHEN S8 eeRs S F9HPP i

silicon dioxide (SiQ2) and silicon nitride 15 (Si N

coated surfaces. Theses surfaces are found in the

wal | s of sem conductor deposition chanbers,

particul arly queBRIEFCAMMARY OFITHE INVENTION:,

sem conductor tools and equi pnent. Many of the
[00b4])y embis dmeintibn tebates & drapgsioeddpranéss fohthie setactiekredval of

tithhilfPnitride (TiN) films and deposition products from silicon dioxide (quartz) surfaces
such as those commonly found in semiconductor deposition chambers and
semiconductor tools as well as silicon nitride (SiN) surfaces commonly found in
semiconductor tool parts and the like. In a basic process for removing undesired
components contaminating a surface an etchant is contacted with the undesired
component in a contact zone and the undesired component converted to a volatile
species. The volatile species then is removed from the contact zone. The improvement
in the basic process for removing undesired TiN deposition materials from a surface
selected from the group consisting of SiO; and SiN in a contact zone resides in
employing xenon difluoride (XeF,) as the etchant. Conditions are controiled so that said
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al so attack Si @2 and Si N surfaces and, therefore,
unacceptabl e for renoving Ti N deposition products from

sem conduct or deposition chanbers and equi pnent. 20

BRI EF SUMVARY OF THE | NVENTI ON [ 0014] This invention
relates to an inproved process for the selective

removal of titaniumnitride (TiN) filns and i
sydaesssalednd fradhe geouprcansisting elpiOdanst iSit is( i gppyeyted to a volatile
cBMpbA&Rs such as those commonly found in

sem conduct or deposition chanbers and 25 semi conduct or

6B S S@nuﬂﬁn't gé@an‘féde‘sqmbrﬁgtdi‘ sdchve é}&hu%*bif 'ﬁﬂ%ns and deposition

comonl % oun sem conduct or t ool parts and
materials which apevery diffiegdilogemgye fr@wmﬁrrn@onﬁua@é newltlon “chambers

(%ﬂﬁ@s‘\‘g?er%B Qi Bak H%h@rggblfsz%a s €& ént'a%d the like include:

contacted wth the un eS|r nent n a cont act

zone and téaeatsmeé'sér%en\mgme%eatmW@%ﬁﬂq&éﬁza.e SiO., and SiN

vol atile species species then is

r eno¢edter syraeerfouatindbe clegning of Hepesiianshemiers:30 i n

t he basic process for renoving undesired Ti N

deposi t i o@Nmebdity aios remeve aT@Erfﬂ@éefmg‘el EriEd spfasast it modest
gr OURerRgEkaluRed; RAdof SIi Q2 and SiNin a contact zone

resides in enploying xenon difluoride (XeF2) as the

etchant. Gangdiiy RNGctRAR MUdr@'ei&t%g%én@h rﬁﬁab% pl§sma 3 o remove

surface selected fromt consi sting

SN T 1515 (o Ris ol BIN SUTASPH bPGUL ARRARIRCts TagTredy caused by

Si gnifibfrdtord \GRAEIISE M the rémbidlaimael ective etching
of TiNfilns and deposition materials which are very

difficult to renmove from seni conduct or deposition
chanbers 5 (sonetines referred to as reaction

chanbers), t oolBHIBF PESGRIPTIOROF #AE dHRWINES | ncl ude:
an ability to sel ectivity renove TiN filnms from

and SiN coated surfaces found

(GBI ¢ Figai PISE ol AT o0 0L SR DRz & 1-PgHcTot the level of

Xe @r0a-0is Wrh Bih INFS réme@ plakaid.z surfaces at nodest
tenperatures; and, 10 an ability to activate perfluoro

[oatwjn Ag. 23eahot oftheAEH RitdPbPSITY ak @ fusdRvief the IBVE| ok X8 vis-a-vis
AB'B‘ ﬂ:(}z and S| N surfaces w thout adverse effects

3emgiR BESHE-
[0018] Fig. 3 is a plot comparing the etch selectivity of silicon to silicon dioxide as a

function of the level of Xe vis-a-vis Ar in an NF; remote plasma.

[0019] Fig. 4 is a plot of the etch rate of TiN as a function of temperature and the level
of Xe vis-a-vis Ar in an NF; remote plasma.

[0020] Fig. 5 is a plot of the etch rate of silicon dioxide as a function of temperature and
the level of Xe vis-a-vis Ar in an NF3 remote plasma.

[0021] Fig. 6 is a plot comparing the etch selectivity of TiN to silicon dioxide as a
function of the level of Xe vis-a-vis Ar in an NF; remote plasma.
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fluorine atons attacking in the renote plasma. BRI EF
DESCRI PTI ON OF THE DRAW NGS 15 [0016] Fig. 1 is a plot
of the etch rate of a silicon substrate as a function
of the level of Xe vis-a-vis Ar in an NF3 renpte
plasma. [0017] Fig. 2 is a plot of the etch rate of

Si2 as a function of the |eve f_Xe_vis-a-\Vi Ar in

2 NE3. oot 6 DB GG oy OrsTiie VBRI

conmparing the etch selectivity of silicon to silicon

[6027]1 deeafepasitidd of itaRLMONtriek (TI id @rholly prRtivédinany eRectronics

] in.an NF3. renote plasma., [0Q019] Fig. 4 is | of
iHchstrgire e ahvisagon of KIEIEan pliiile: SRt campenerts pad Mgt ke. In the
dbg%szii(i)@v@‘pcesﬁ‘s sofe i tﬁle arzwis?det‘bﬁsitéu @ﬂsN%t%es algnet qwlqrnl tAS BBrface of
| (. IS a ot O e etcn rate Q SIIT1cgon
15 B SUBSTalo e B MR AR! SUrEASS M 1ae ARRCSTORENEETEY. s been
fol@dvhat Xeruiis efféctive aga Jdiettive BRhantIbAsiNBsonEfmih&gldilicon dioxide
onparing the etch selectivit

0. 6 is a plot , 1 of Ti .
(59%)5,%‘(! %W”dﬁ%'ﬂ?&é”‘%”ﬁac% Aith Bis fydingenq @M‘ged?e“% dy‘”""de
(XéFS) as h BtoVant for AdmdNIeg (GWENLEd TINARIAR: anddiepbditdh- Faterials

DESCRI PTI ON OF THE | NTI O\l?érgiozaﬁl The deEQ%SI tion of .
contagpaling sHifAceFsUCTaR)those founm iR apicangiptor kgctas of qgposition

CRARBESORLRS eqlipMERT, Fxrté,ranamhiﬁsaéah{eaadriuﬁ@d afthisiEGroHiakiad (quartz)
circuits, electrical conponents and the like. In the
OGN AR process sonme of the TiN is deposited on

rfaces other than the rface of 5 t ar get
(L e Temaal o ganRBieg TN sedussdeony B 4rd $E surfaces, such as
trdeP @5 b depdsiidratidiber) Xefas chaatted WtHke &iliriceXe EZohtct zone
effective afg a selectjive etchant _for Ti N contam nati nt%
udericopitigns,iar ganvertachii tg yaladie §ike An then rgmoyisgnjye volatie
spadidsesA thabdMadtzoRe.§ OREh NBe X&F, RAYdE8 &I0MGAth an inert gas, e.g.,
di fluorid (XeF2) as an etchant for renoving unwanted
Nz AG: F'Pl @R;de@ﬁd'kﬁeposi tion materials contamninating

R S odind Rttt & b T ARASR PRI Sh v ana
Sinduefaces XeFahely i preforeed pribhtosmtrdduetiortioaké dentact zone, or for
ol RHEES &io it OBV e b e o RN Py o
mathods. In one embodiment of the in situ formation of XeF,, at least this is believed to
be the resulting product from the perceived reaction, xenon (Xe) is added to a fluorine
compound and charged to a remote plasma generator. There Xe reacts with F atoms
present in the resulting remote plasma to form XeF,. In a variation of the in situ
embodiment, the fluorine compound is added to the remote plasma generator and then
Xe is added to remote plasma containing F atoms downstream of the remote plasma

generator.

[0025] liiustrative of this fluorine compounds for forming XeF; via the in situ method
include NF;, perfluorocarbons as C;Fs, CF., CiFs, and sulfur derivatives such as SFg. In
the preferred embodiment NF; is used as the fluorine compound for the in situ formation
of XeF..

[0026] A wide range of Xe to fluorine compound can be used in the in situ process of
forming XeF;. The mole ratio of Xe to fluorine compound is dependant upon the amount
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those in a deposition chanber, XeF2 is contacted wth
the surface in a contact zone under conditions for
converting TiNto volatile TiF4, and then renoving the
vol atile 15 species fromthe contact zone. Oten, the
XeF2 is added along with an inert gas, e.g., N2, Ar,

ljk 024 t th
of KeF+ itmen Nis-4r v & e ol 4 FoAtoRRbRed POl R R D057 moe
r@id&ar@lﬂﬂoﬁawe,to XeAXam)fludEn® termpsurer CD;thoﬁaih} an lnert gas e.g., argon

on to the contact zone,
R bl TRelast P b remrle BiStT Generaion o 8eEs oS & RASBS pLACIgging the
sé@bﬂﬁ@étéhlﬁgbwlmo@ozaﬁbgwhods In one errbodl nent of
the in situ formation of XeF2, at least this is

[b027] e ViRgEngeRatubss foheffdctRy btlebieldteing bf TiINGImS frem silicon dioxide

rcei ved react Xen dded to a fl ri ne .
DR AEe e SN GUEAEs SRR ST agD S matacife Process i
cairRdeuXe BY @f itSs Wichaht tﬁeaﬁm is PrioRsiMRY and adbed dﬁeealytto tee contact

renote plasma to form In a variation of t

2gn§, Jemaﬁ@aaﬁﬁﬁh?uldPﬁ@lwmtp@éleeéhm&jelgs mﬂfe&%& preferably
oRe1 5GB! F5ERBRIYBF ﬂégsr%%ﬁs rSéﬂanegs'MeTéﬁ a@dfeph {cP20 Torr,

renote plasnma contal nin at ons downst r eam of

prafensbly fpira diito Wehasr. altnmontr{asicgsylon art g@pewv@e@ thema? of
efc'hﬂﬁj;((?" Stcﬁﬁﬁﬁﬁ@&%ﬁé&fs thg t&FhPsta { B |Hér@a§ég hbfd tﬁé Hﬁe of etching

I nc Iuorocar ons” as
inCFeses Afil anunerease iy temra’mf@ g helipyegithe 'nFWaS@ metemperature

&F@Js%értr?r et PﬂlN”é?E‘ﬁm Eéc u%e‘ﬁ% s@@laﬁlg%ngéﬂ’tﬂéé@ ndltlon]s and is

conpoun elns orrmt I on XeF2
epsily removesh remdhe K04 and Btbbsurh@ec bewetampeesiunes lepyed ikaspecies

né%}ng@lég %ﬁh @ﬁ\PQL?r%eQEIocf( %nezfé Rifxefhe mole ratio

['uor i ne conpoun pendant upon the

[OF8YNln the5i %fru él%ccgssf fgﬁﬂlnﬁ' Mhﬁln% e e{cﬁ?ﬁ%l is 8hndin the

at oirs |nt asma erre ratlos ar e
pfeﬁgmqofmr&r@otgmaﬁme Twparawrewmwnma plagpa is pegsept may

i E?Qc%eo %%Jrefe?it%;ﬁﬂo C@B ggob gg! uded in the
rmte plrasnma ge era OTP 'E as a neans of
it R i

0 &ttedOnpro forafengbh from 1fte dthTorm i con di oxi de  surfaces

(quartz) and Si N surfaces depend primarily on which
[A080h o dhe fellopingcetsenples are provided to illustrate various embodiments of the

invention and are not intended to restrict the scope thereof.

Example 1
Effectiveness of XeF; In Etching Of Deposition Materials
At Various Temperatures and Pressures

[0031] In this example, the etch rates for TiN, SiO;, and SiN were determined using
XeF as the etchant at various temperatures and pressures. Experimental samples were
prepared from Si wafers coated with thin films of TiN, SiOz, and SiN. Etch rates were
calculated by the thin film thickness change between the initial film thickness and that
thickness after a timed exposure to the etching or processing conditions.

[0032] To effect etching bulk XeF, gas was introduced from a cylinder into the reactor
chamber through an unused remote plasma generator. The XeF, gas pressure in the
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carried out. By that it is neant the if XeF2 is
prefornmed and added directly to the contact zone,
tenperatures should be elevated to at | east 100 C,
e.g., 100 to 800 C, preferably from 150 to 500C.
Pressures for XeF2 should be at least 0.1 Torr, e.g.,

st Shamhes wge ol sistant b brting e Bow By e AVigider ofce the

debiedd n@sé&ev@maa@d,decreases as the tenperature is
i ncreased, here the rate of etching increases with an

[00B3] e TR te@t do@b’@@d abty slacdd orl thete@l‘fa@é/@fcb p&@starn tegies ®hich was

increases the rate et ch
B I B ooy SUBRTAIE tarRiratufse ecBIsa"s shOGh i Table
bew.ly renoved fromthe Si02 and SiN surface. Lower
tenperatures |l eave Ti F4 species 15 near the SiQ2 and
Si N surfaces bl ocking the atyaprki of XeF2. [0028] In
the in sit ETOHRATESHOR WARIOUSARPERI ABWBING XeF;
etching is done in the presence of a renote plasna.

Tenperatures viigiarial I ¢ MehfpePata reSsLE & SEBh Raw/
range from p0 to 500 C, prqfera | y(Tlokp M| 1@0n/kfin)300 C.

(0029] Prespureg;pul Ted r025r e jremgval [of g N T§om
SS2 and Si N Surm@ces rang,e)orro 205 to @W)rr,
preferably rom-n‘N[o [0 |u|r5 [q030]1 Thg fofgow ng
exanpl es ar g-pregy et to |200um eV ToUSS

enbodi nent sfof trw IIIVCII:SJ g™ cbg Tt izbcnd bd to
restrict th STE, thret CUI,BDOEAOII pi s 25— |d:L,ti eness
of XeF2 In tuhs*ﬁ F uci')uboti o vt er+ats Q/-\\t ari ous
Tenper at ur ep ar‘.s o essufeg -B034—+H—this &4 Apte, the
etch rates [er 3 N—SIHO2; %dSi'\"jrc et-erfred

usi ng XeF2l-as—he etthant rperat-u-es and

pressures. Experinental sarrpl es were 30 prepared from

' ted with ' o
raBagf " £ 3P tSultp v i B APIEToS of R ori horhfehe was effective i
efching ke $ifms Bed16vatbe@ tahpftatuis df rrrohr eé.o fol 300 °Uﬁrfd<éﬁe%ﬁve at 25 °C

and that thickness after a tined osure to th

FOOMM: MG kT ey r HRESNGY Xebm dick ﬁ@h @z]or 30 Sify ﬁw&ce at any of the

tearpaaamestaﬂd@r&ﬂegaﬁpwéd bnrtcr.@ étd;ﬁqfi'N iR BsueH |térﬂ€é1'htures
nto the rea hrough_an unused re

ByfasRe froalgro XpRetoirh S&@r&%glsawfecrsnattthese clgvated

temperatures, but did etch TiN films, it was concluded that XeF. could be used as a
selective etching agent for TiN films and particles from SiO, and SiN surfaces.

Example 2
In Situ Formation of XeF, Via Reaction Of Xe and NF;

[0035] Inthis example, an MKS Astron remote plasma generator was mounted on top
of a reactor chamber. The distance between the exit of the Astron generator and the
sample coupon was about six inches. The remote plasma generator was turned on but
the pedestal heater in the reactor chamber was turned off. The chamber was kept at
room temperature. The etch rate of both Si and SiO, substrates using remote plasma
was measured for comparative purposes.
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react or chanber was held constant by turning off the
flow fromthe cylinder once the desired pressure was
reached. [0033] The test coupons were placed on the
surface of a pedestal heater which was wused to

mai ntain different substrate tenperatures. The results

LR o Rog s o te st Blesilia M it pied wih a second

gas egsbman EhabuFaheunts: TR Eédonﬁrddigtreéla_m'l\ﬁva{goo%&]phsﬁd offeitkher Xe,
|

100 TiN 150 1 Ti N 0.5 20
Q(Ah o § RMHMAEPR ThesBoty THe el gaediowralg 1o diejeagier ghasmber was
nst@d hﬂW&ccﬁhﬁn@h@SHfﬁﬁﬂhﬁSﬂ&{W&aﬁ 8b sédm aV\Hﬂ@ik%Q;blﬁg e total
e was e ectiv
itk 4 theciecoas 85 Sermst ahoeh S ing PIRCLE Rirdas! e to the tota
flawehts of ﬁfétSéé@n@Qa@Etréém mmrhxaHWa@tvurugd b&WeBh IOS(bﬁIIQW as the

not etg ace at a
PO aiobsa or LA G (T Ke 36 e} aosRR oas) T b sults of S
stbdtrdté bfohirdtare $hbwh @PRI AaHH &% redbitsBSIEROSs Sutidtratddiching are shown
ability of XeF2 to etch SiQ2 and Si N surfaces at
'Q'E'Qsé el evated tenperatures, but did etch Ti N filns,

ncl ud t hat, XeF2 ouI be use .
A7 a0 G iy sngesion o R e s S o srapged the S
efchaateS WRatwss Shélpsoietias gt the>adimibh o Xe to a remote plasma generator
along with NF3; would generate a plasma that enhanced Si etching.

[0038] Fig. 2 shows that the addition of Xe to an NF3/argon plasma inhibited the SiO;
substrate etch rate and this was unexpected. F atoms present in a remote plasma attack
SiO, based substrates. Along with the analysis of Fig. 1, it was surmised that the
addition of Xe to the plasma resulted in the in situ formation of XeF; resulting in
enhancing Si substrate etching, but reducing or inhibiting SiO; substrate etching as

hoted in Example 1.

[0039] Fig. 3 is provided to compare the effect of the addition of Xe to the NF; process
gas on the etch selectivity for Si vis-a-vis SiO,. As can be seen by comparing the results
in Figures 1 and 2, Fig. 3 shows that the etch selectivity for Si relative to SiO; increased
as the amount of Xe in the process gas was increased. Specifically, the selectivity
increased from 30 to 250 as the percentage of Xe in the gas stream was increased from
0% to 100%.

Example 3
Effect of Remote Plasma and Temperature
On Etch Rate Of TiN and SiQO»

[0040] In this example the procedure of Example 2 was followed except both the
remote plasma generator and the pedestal heater were turned on to allow for
determination of the etch rate of both TiN and SiO, using remote plasma at various
substrate temperatures.
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20 In Situ Formation of XeF2 Via Reaction O Xe and
NF3 [0035] In this exanple, an MKS Astron renote

pl asma generator was nmounted on top of a reactor
chanber. The di stance between the exit of the Astron
generator and the sanple coupon was about six inches.
The .renot e asm %enerator was turpned on_hut 25 the

I )
00415 13 P il iiebe! PPRTIRENiSdag e relR Y 2R S Qaprasdneatyred using a

MG re SIANMLANARE a& il pratess'q@MThe MBRFAé B e whb ®x&d 81820 scem.
rate of both Si and Si Q2 substrates using renote

Thedemaeraligg wasxalie@ Homol00Eniealoqt Py & heuppis«d these experiments
ak O Rin g@ﬁeﬁ@ﬁ?ﬁoi&ﬁ% F@uFé@etl LRIBid TIN 85080 ResPEdtively.
ed wmth a Second gas

and 1t was m stream i n various
nt i i '
e aéﬁi@kﬁ‘“ﬂ?"%@@%ﬁﬁ BRI O AASIOL b hfeRioured
UGIRg M e oanthargoadAn@s Tbﬁﬁfﬁ@@% gass The fmatﬁt‘Df_A?(D@'aS fixed
0 c
o SETRANT N6 Kliral R Sall et 160 € o Beh, R The (RS of these
expergeents ammshavwreas theidirmdnd paints firokigates 4cindé@for giN aed SiO,,
r%%ﬁeaivelyfl ow ate of the second gas stream ( Xe/ (Ar+Xe))
s varied between 0 (only Ar as the additional

LR ° 5% 120 T Pub, HR AR of o 10k $AR enRERERRe TN eteh
rdte aFtegnpetataras gemerally sbbves 130 °Gi Bgusub shovest thatthe laiddigion of Xe to
' Fi 0037 ' , .

il e Siberdh e Aectbe s 85 xiasiie Biagivon of Aro
NE:. The efiectatf the alluitiorvai eltn exepprotess gas drithe etdmsleiectivity can be
BT feing e b8 Bp LT ERLBSPLERIE Raf “enhanced & -
(0451 P E3380s a8 eich RRITN HETN8RGED Si68Ruf ing Frapn shows
that the Tiktselazticityt e ginsnasnaressas déreperafured abovembeseto 9Q) and

raRin o TR e vafihe Eaing ofke fo e RFS pisas bk, fliye to Ar

that the addition of Xe to the plasna resulted in the
in situ formation of XeF2 resulting in enhancing Si

(BBE S BBt R A% 4 BB Ry gi fims i
refatios tp silivordeidxite and Moo niite fibkeates Wheh Backheidhing@paformed at
elé\?at'ég ténqger'a\ﬁ;’e& ré))?a(le'nspsie 3 shows that the addition of Xe to an NF; process gas
in a remote plasma can increase the etch selectivity of TiN relative to SiO; at high
(elevated) temperatures as compared to the etch selectivity when only NF; is used as
the process gas. The increased selectivity of TiN relative to SiO, is important in quartz
tube furnace appilications and to parts and semiconductor tools coated with SiO, having
TiN deposits thereon. This methodology may facilitate the cleaning of deposition
reactors in between deposition cycles by interfacing a remote downstream plasma unit
onto the process reactor and admitting the process gases. There may be economic
advantages (i.e., lower cost of ownership) of combining xenon with a fluorine containing
gas such as NF; rather than employing XeF; for such a cleaning process. The cleaning
process described in this example could also be employed in an off-line process reactor
whose sole purpose is to clean process reactor parts prior to their re-use. Here, a

-9-
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20 gas on the etch selectivity for Si vis-a-vis Si Q2.
As can be seen by conparing the results in Figures 1
and 2, Fig. 3 shows that the etch selectivity for S
relative to SiQ2 increased as the anmount of Xe in the
process gas was increased. Specifically, the

sel ectivit increased from30 to 250 as th

"HRPIESRMIFECBM PRSTMF reagtor yyldshe lBkEraREd ORta ANEtsing RTpeRas reactor

uQ&(Mrﬁbhl;%}% (c@ﬁp&f@{@#r@m&h@ﬁ&@é&tndﬁﬁe?@&@b@e ﬁb@éc!mx@itﬁl and a
erature Etch Rate O

0040
ff eXRpINg qaﬁéuaﬂ 8% ool nes aﬁmt@décwa@ tb% r%%éaiownsfream
LK EpE tokmé BdinfBion'? MY SroBb&sSiERed A6 Hitt AHan®ad cbitining the parts to

pg?est heater were turned on to allow for

nation of the etch rate of both TiN and Si Q2
using renote plasma at various substrate
tenperatures. -8 [0041] Ina first set of experinents
the etch rate of TiN and Si 02 was neasured using a
m xture of NF3 and Xe as the process gas. The flowate
of Xe was fixed at 320 sccm The tenperature was
varied from 100 Cto 150 C. The results of these
experinments are shown as the square points in Figures
4 and 5 for TIN and Si 2, respectively. 5 [0042] In a
second set of experinents the etch rate of Ti N and
Si 2 was neasured wusing a mixture of NF3 and argon
(Ar) as the process gas. The flowate of Ar was fixed
at 320 sccm The tenperature was varied from100 Cto
150 C. The results of these experinents are shown as
the di anond points in Figures 4 and 5 for Ti N and
Si 2, respectively. 10 [0043] As Figure 4 shows, the
addition of Xe to the process gas enhanced the Ti N
etch rate at tenperatures generally above 130 C
Figure 5 shows that the addition of Xe to NF3
inhibited the SiQ2 etch rate for all tenperatures
studied vis-a-vis the addition of Ar to NF3. The
effect of the addition of Xe to the process gas on the
etch selectivity can be

-10 -
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seen by conparing the results in Figures 4 and 5. 15
[0044] Figure 6 shows, the etch selectivity for TiN
relative to Si2 and the graph shows that the TIN
selectivity begins to increase at tenperatures above
about 110 C, and rapidly above 120 C, with the
addition of Xe to the NF3 p&g&@ﬂg gas relative to Ar.
[ 0045] Sunmari zi ng, Exanple ws that XeF2 is a

selective etchant for TiNfjlms, in 20 relation.to
Si 1 don aiyEes A 419 selRtYe Bihie” SLBBRER i dem a surace
cﬁE?(IthhirFI Qléﬂoﬂ%ﬂiéﬁdf@ﬁétilﬁ?mrigéd.c'f}.ﬁipﬁsmfger% sttermer a}\l ur es.
anple 3 sho a e a .on | . 1.Q_an - ,
rochss gaonacing ecsistiee oG sficerdede 3 sileon nifide wih an
?e: e@tdth‘agg gz:@éorﬂ';bri%teﬁtiif ﬁérﬁdfﬁdiﬂ@brﬁe(ma at&bnfﬁcgfor}e tr? selectively convert
el evated) tenperatures as conpared to the etc . N
sel eé@ldvﬁ‘tﬁﬁ}‘“%ngwd&%ﬂ Npiatile SPEeiey pé%fefe{‘h%'yptPoioé@%”'agss.a'd silicon
The ignisddeaseslicsr inkedd t6id Yoidtlle Ebhpodngtdnde to SIiQ2 is
important in quartz 25 tube furnace, li cations and
to parts AMAOUBRSEAYAIRUIEHPeLSSITON3AId Eontartaeng) op
having Ti N deposits thereon. This nethodol ogy may
facilitate the cleaning of deposjtion reactors in .
bet wéen daRESEsEss o StaTms] BPSIEN tepEBPR ST Nods 5 Reformed prior to
irfh@aNstidreR 4 IBRARCHNY FoncOBA® tHd RniePABRS of §86 tcohtadity is at least
adm tting the process gases. There may be econom c
18@Vant ages (i.e., |ower cost of ownership) of
conmbi ning xenon with a fluorine containing 30 gas such
as NE3 rather than enploying XeF2 for such a cleani n[g '
proc8ss. THe %P‘é%ﬁiq{dnga'm gdgiﬁelae'@@ Pressyrg [ gaid gontact zone is at
ca%pdRIT®ncoul d al so be enployed in an off-line process
reactor whose sole purpose is to clean process
reactor parts prior to their re-use. Here, a -9 renote
downgt r eamhplpAsdsRs bEOEIMTE WIGIA sBR JuiaE saeRatbWiHPsifdbn dioxide.
off-1ine process reactor 1nto which parts (conponents
fromthe deposition reactor) are placed. Xenon and a
fl uoki ne qRBLRAbARSEf Bim B ivRerdih thE SeMpethflré BBfndSaid contacting is
introduced to the renote downstream unit prior to the
frami593P SROSE. t he process gases into the chanber
containing the parts to 5 be cleaned. 10 -10 CLAI M5

6. The process of Claim 2 wherein the pressure is from 0.2 to 10 Torr.

7. The process of Claim 1 wherein the xenon difluoride is formed in situ by

the reaction of xenon with a fluorine compound.

8. The process of Claim 7 wherein the in situ formation of xenon difluoride is
effected by contacting xenon with said fluorine compound in a remote plasma generator.

9. The process of Claim 8 wherein the fluorine compound is selected from
the group consisting of NF3, C,Fg, CF,, CaFg, and SiFs.

-11 -



1. A process for the selective etching of titanium
nitride froma surface containing silicon dioxide or
silicon nitride, conprising the steps: contacting the
surface containing silicon dioxide or silicon nitride
with an 5 etchant gas conprised of xenon difluoride

in a nt tzonet eletlv

1t anfGm nf0s PRESs A OFur EWnEE e dpBe B e coacy zone i
feom 60y 800 POg sai d Si I icon dioxide or silicon nitri de

to a volatile conponent; and, renoving said volatile
species fromsaid contact zone. 10 2. The process of
Claim1 wherein the xenon difluoride is preforned

priorit.o T prodes of@laitrrs SabrbircPRlAcHaN gag Bonphided bethe in situ
of _said contacting is at least 100 C. 3.

te ratur

5 f?ﬁ@(ﬁﬁ}?& flugrideaRd A% Mwherei n the pressure in said
contact zone is at 15 least 0.1 Torr. 4. The process
of Claim2 wherein said surface is coated with silicon

00 8, D ISP By G 9o oo

iSHMC:1G@to The. process of Claim 2 wherein the pressure
is fromO0.2 to 10 Torr. 7. The process of Cdaim1l
wherein the xenon difluoride is forned in situ by 25
the reaction of xenon with a fluorine conmpound. 8. The
10 process ofTHd provesé oliGiim Bwhéein the semperhturereinptoyedfin said

xenop difluoride is effected by contacting xenon with

Cgaféﬁp?%‘a}% Ijdro Ebhépotﬁn@o ﬁ'a remote pl asma generat or.

30 9. The process of Caim8 wherein the fluorine

compound is selected from the group consisting of

NF3, F6,.,CF4 F an i F6. - 11 10.. The pr.0

of G m SARIPTSS & FATGFRaIN fhe Presstiss b P Do
is from50 to 500 C. 11. The process of Claima8
wherein the etchant gas is corrprised of the in situ 5

15 for mal% xR porlzlaéesg ?or c eean?nrb a ge tcohductor deposition chamber from
unwanted deposition residue wherein the unwanted deposition residue is contacted with
an etchant gas to convert said unwanted residue to a volatile species and then removing

the volatile species from said deposition chamber, the improvement which comprises:

removing an unwanted deposition residue comprised of titanium nitride
20 from a semiconductor depasition chamber incorporating a surface of silicon
dioxide or silicon nitride using xenon difluoride as said etchant gas.

16.  The process of Claim 15 wherein the xenon difluoride is preformed prior to

contact with said unwanted residue.
25

17. The process of Claim 16 wherein the temperature during said contacting

is from 150 to 500 °C and the pressure is from 0.2 to 10 Torr.

-12.




12. The process of Caim8 wherein the nole ratio of

Xe to fluorine conpound is from11:10 to 10:1. 10 13.
The process of Caim8 wherein the tenperature

enpl oyed in said contacting zone is from 100 to 300

C. 14. The process of Claim8 wherein the pressure is

fromJ to Torr 15, 1n a, process far cleanjng.,a. ..
Somt SBhecl i raGtssr Cift 5 weBihs S8Rcn iflorfled8 Rl sits by
thee m’nbn’: ofxaneaiwhie Mﬁtﬁheicbrrtpbendlamﬂieed sfie foosiatioroof xenon

. ue tacted with an etc as to convert
cifor08 Fetfacted B2 oo i 560 AUkt SorPu g W Rfmote
plasy géteratohe vol atile species from said deposition
chanber, the inprovenent which conprises: renoving an

5 unwant ed deposition residue conprised of titanium
nitride 20 froma sem conductor deposition chanber

i ncor1glor atTrreg:rac@srdf Mmofa whéreinQhe ﬂddérmei dil:ﬁnpmlmeiié saledted from
nitride u3| n e id etchant gas.
isbronhgopratad Wi ety GFo 5 En e he xenon
difluoride is preforned pri or to contact wth said
unwant ed residue. 25 17. The process of Claim 16
wherein the tenperature during said contacting 1is
from 150 to 500 C and the pressure is from0.2 to 10

10 Torr. -12 18. The process of Caim 15 wherein the
xenon difluoride is forned in situ by the reaction of
xenon with a fluorine conpound and the in situ
formati on of xenon difluoride is effected by

contacting xenon with said fluorine conpound in a
renote plasma generator. 5 19. The process of Caim
18 wherein the fluorine conpound is selected from the
group consisting of NF3, C2F6r CF4, C3F8, and SiF6. 10
-13
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