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6T"; B THERVAL ACTI VATI ON OF FLUORINE FOR USE IN A

SEM CONDUCTOR CHAMBER 5 BACKGROUND OF THE | NVENTION 1. Fi eI

| nventi on

The present invention relates generally to an ap {Hmﬁ@m

supplying gas to a 1 o senmi conductor process chanber. More par
the present invention relates to an apparatus for supplying theﬂﬁﬁ?ly
activated fluorine or oxidizing cleaning gas to clean a sem c

process chanber, and a process for cleaning a process chanber H”) u’l
c

thermal |y actlvated fluorine or OXIdIZIﬁg cl eaning gas. 15 2.

of the Prior Art A primary step in the fabrication of seniconduct¢
is the formation OoTEERMAL ACTIVATEONOF FRVORINE FORUSEINR Aby chem cal

reaction of vapor precursors.
chemical vapor deposition (&K

A Typi cal
Iyp

de003|t|on process 1 ncl udes
JUHAMBER nal CVD processes

tvi ces

supply reactive gases to the substrate surface where heat induced chem ca
reactions take place to forma thin filmlayer over the surface of the

substrate bei ng processed. However, deposition occurs throughout the

chanber, and not éust on the 25 substrate. The heaviest depositions occur

in the Hot tBACKG

QUNP QR IR INYENTIPNCh is typically in the area of the

substrate, but sone deposition occurs in other areas, even fairly cool

areas or areas not directly exposed to the vapor precursors,

such as,

chanmber wal1.sField ofdhevinvegien nozzl es, tools, etc. 30 These depositions can
cause a nunber of problens, such as, clogging fine holes in gas nozzles,

di srupting an even flow of gas and affecting process uniformty,
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The present invention relates generally to an apparatus for supplying gasto a
semiconductor process chamber. More particularly, the present invention relates to an
apparatus for supplying thermally activated fluorine or oxidizing cleaning gas to clean
a semiconductor process chamber, and a process for cleaning a process chamber with

the thermally activated fluorine or oxidizing cleaning gas.

2. Description of the Prior Art

A primary step in the fabrication of semiconductor devices is the formation of
a thin film on a semiconductor substrate by chemical reaction of vapor precursors. A
typical deposition process includes chemical vapor deposition (CVD). Conventional
thermal CVD processes supply reactive gases to the substrate surface where heat-
induced chemical reactions take place to form a thin film layer over the surface of the

substrate being processed.

However, deposition occurs throughout the chamber, and not just on the
substrate. The heaviest depositions occur in the hottest areas of the chamber, which is
typically in the area of the substrate, but some deposition occurs in other areas, even
fairly cool areas or areas not directly exposed to the vapor precursors, such as,

chamber walls, windows, gas nozzles, tools, etc.

These depositions can cause a number of problems, such as, clogging fine

holes in gas nozzles, disrupting an even flow of gas and affecting process uniformity,



-and cl oudi ng chanber wi ndows affecting the ability to see into the chanber.
In addition, they may form particul ates, which can fall onto the substrate
and cause a defect in the deposited |ayer or interfere with the mechani cal
operation of the deposition system To avoid such problens, the inside
surface of the chanber is cleaned regularly to renove the unwanted
deposition material fromthe chanber walls and simlar areas of the
processi ng chanber. Such cl eaning procedures are conmonly perforned between
deposition steps for every wafer or ever¥ n wafers. One type of procedure
1o invol ves di sassenbling the chanber and cl eaning each part using a
solution or solvent, then drying and reassenbling the system This
procedure is 4 = | sive tdMB- cQNSUi.N reducin fer. fabrication
e et 11 ot Begoing PiRak Sind Aeag BRSBTS oS b Slfieie tre
cl eani ng opaldaidm fgeyiraysiolit. paftydiés, wihithsdahfall bntoltB@flivagatepad adiusens use,
for exanple, nitrogen trifluoride (NF3), nolecular fluorine (F2) and
chlorine t rdefeqion theelepesited)layes or interiare Withshe meghanicsd aperatiopethei ons. I n
t hese typiqﬁ%oghgﬁg¥ &noperations, the gas flows to the process chanber.
NF3 or F2 is*typically activated by formng a | ow pressure plasna by
supplyimg an radi o frequency electrical field or nagnetron nethod in the
chanmber or in a renot, cq§nber bef ore .t he 20 chanber. C1F3. or F2 can be
i ntroduced di recifwvwg suchhareblsanse fhgripside girface gfithechamper 18 gleansd segylagy ¢ he
gas, the c t e i rdal | it ; j
damage fo tpeno ot AnkAGBOHE Mold Bl RGRA LR S sl hlef 4R
di scl oses asfthbprocagimgcmmben Sitchodlemmm gproeedurasces sommantygrerfofined di scl osed
met hod i ncludes a brief thergal cl eani ng ste be%meﬁb waf er usiH%_chlorine
{Hgngiees 1o p 6

as the hal OYEHeR} deRosign §ieRs foffYCHRV BT fleYFREN MaLersnOnE el PIored®anber  at
an el evpf ediny6RBEHRALERDRAg BRANAMEO arldQ 1AM s eaIﬂgaﬁlﬂki%'a%hﬁ%ﬁ ofBy be mi xed
with up to about 99.9% by vol une of an inert” diluent gas. U S. Patent No.
6, 375, 756 tslvenii thersdiiying @ reassemblimgthiesyistémr This poadedygreas fabbrrindesosi t ed
inside a fil] rgtf. or m n% chanb(gr . A g%E_ a:r%I enment..i s isgosed in a.chamber and
heated up t THIPEHRRPRTSd Qg WAEr HPrgrupinesiiclensyand ingieadipe pasts.
exhausted. Thereafter, a oxidizing cleaning gas, which is deconposed and/ or
activated by the hot elenent to generate an activated species that converts
the deposited filtds d?ﬂréblgégé@@@lcéihﬁélﬂ%ﬁwqp§rﬁtlﬁﬂ$bdﬂt}bd'FYm(taélft'ﬁéJ chanber .

h poST . ne.. . ) CE ] i de.
chbon, Pt 1 SPpEhE AR5 T L R L0 ) OSB! vort 0°
tetrachl or i @) ampbctlainaupifinoito (CFs)asrechaht gdskatiarodednimy dpeeations. In these

trifluorochl oronet hane, sul fur hexafluoride, or m xtures_.thereof. to There

are sever al YRICRWHSANRE SReraions: B aap flaws § themrocess ehpmhert NEgobFadnt s to

heat oxi di zj A . .S used
which 1 s noyPaatty S B ol Hlog pERREblas o) slfyind ip LS9 FRGEaE, 13
cont ai ni ng tlet¢tanalfinld 6 megnetami methedrovthl chimbdrer de p oamots chambediefablitle t o
reduce pon-product i cleaning. 15 ti . F nd, CIF3 woul d. be nore_desirabl e
cl eani n§ ag eﬁ'ub\{é‘ﬁé REAT B%Ir%wg%%fdlmﬁy% B@e%t%‘g%?aé’?%?r('ﬂh&&%&’ W the

t enper at ur efeabtHAE) 6fthé Bass tHY BaRBer mhberd RdfedTRAR itk bBerefing tonditiéH Bf HoR1 used.
Anot her drawback is that the oxidizing cleaning gas reac%s with the el ement
in 20 U S ¢emegetonee cen@rsntds6. The tenperature nust be careful ly
control |l ed above 2000C as stated in the patent to avoid reaction. As the

el enent cools to run deposition processes, the elenents is very vul nerable
to attack. As a UeSHatent Nee62uegsanto Wasrley @f &l @isciaset Moder AsProddhnet i on as
required. At the 2000C tenperature, netal atons wll evaporate fromthe

fil amendS anelegipsaiprogeps ¢hpmbenakbediselnses methed ickiden atbrishtherraalcieaning |

Al so, excesgi [ . : it hin

t he chanber§% §6@§%§ga%gﬁgggg?%ﬁﬁgﬁé%ﬁgn S 550 Mﬁﬁ@ﬁ%%?SEQ%?“&ﬁ?%?%”?Le
chanber. Thadmiteditd thesthamberatian eldvatedugnpeatatuoe oHibono 800 tvg7G0RE. &hectri cal
connectors with platinumtq protect themf ttack. This is expensive and
inrel i abl e. chigrind'gs gpiege VYitfcup {OROR EY yelgie of gp inarETany §as-
activating an oxidizing cleaning gas conprising the steps of: (a) reacting
a oxidizing cleaning gas and a preheated inert gas to forma gaseous

m xture containing radicals; and (b) passing the gaseous nmixture to a
reacti on chanber, wherein the radicals react with one or nore deposits
contained within the reaction chanber to forma waste gas, such as Si F4,
CF4 or TiF4. The oxidizing cleaning gas is preferably selected fromthe
group consisting of: 1o fluorine, chlorine, XeF2, ClFx, BrFx, (where
x=1,3,5), @2, 03, NF3, any fluorocarbon gas, other highly oxidizing or
reactive gases, and any conbi nations thereof. The oxidizing cleaning gas is

. a Y o . . o v ~ N P p——




20 The deposits found in the reaction chanber are typically silicon oxide,
silicon nitride, polysilicon, tungsten silicide, titaniumnitride, TaN, or
«conmbi-nations thereof, such that the waste gas is SiF4, CF4, W6, TaFS or

Ti F4. The present invention also includes a systemfor thermal activation
of a 25 oxidizing cleaning gas conprising: a mXxing chanber which is
capabl e of reacting a oxidizing cleaning gas and a preheated inert gas to
forma gaseous m xture having radicals; and a reaction chanber for use in
sem conduct or processing which is in géseous comuni cation with the m xi ng
chanber, wherein the radicals react with one or nore deposits contained in
the reaction chanber to forma waste gas. 30 Pref erably, the oxi di zi ng
cl eani ng gas i e t e which
has a di aneter S(g'frso%atlb ﬁ%eﬁbﬁﬁa outtja% @Q&gﬁ@ d%‘%)e@gg%%%&%;dﬁl nc ﬁg gtﬂ;&%

pr eheat ed depesiteddasde s filgfformink ¢himbleri 2t hottelhement X9 dlg)osb(antnechamlmr amd i nert

feed tube having a dianeter f about. 1/2 inch tp abaout 2 inch
wher ei n tH@aﬁeHél%ttoﬁé%‘HP?rﬁ‘B‘ée Mp?‘gé\gﬁ‘&ﬂ edéﬂambrr Be2AMsa%y conducti ve
material, 'lﬁhege[at’cef’I dd Eﬁﬁ %Lééhglg%&ge&ﬁkh 1sTci¥‘?:oxfnb5's%Hy¢m§/‘ }’h&ﬁ%téﬁq;}ﬁthe hst

pref erably sel ect’e romt p consisting o nic , | oy,
stai nl éss eldmait to gemeratayn acﬂrﬂnteda&premnsﬂiahmeﬂs thealepesited fdmantd gabeowsnum
al | oys may Elso he. used i re i S, ho_cont .natjon concerngefor t he

parti cul arSupstareeds intraduced,d 5528%%1‘ OX10iZiRg RlSPNIRG &R T8%Re 5 heat i ng
means, m%t@rﬁetaﬁoﬂ?@hitﬂﬁeﬁ?ﬁ’ﬁ%rﬁér ERVHIR rhfiGorideChdxahiB6deitidRe. The heating

means is selected fromthé group consisting of electrical resistance
heaters, reutiflwotoprepaner carperstefracidorids ptntsflianctierscdass, tafidorasjodanbi nat i ons

t hereof. 15.The actl n ch i nst ruc rom.an inert materi al
sel ect ed gtpg;ﬁ)rpﬁ 6‘?’8&% 52‘?\%2;‘?%‘1“% “sHIpK rgstfh ®8%e al uni num oxi de,
ni ckelyp Hastel l oy and any conbl nations thereof. The reaction chanber

conprises an outer tube and a liner inserted inside the outer_ tube.
Preferably, thelhasgere SGheféHérﬁWb%Cké@ﬁﬁﬂclaé%%Wﬁh pyséques usime baatiag elegiwadtsand a

sapphire |n T t e at a
cool regqi o @%{“ 5(h %15 g%in g dirf ?%m\ptaﬁ;hglggt §ﬁ§?ptq1’egésn Pgegt‘gﬁ c%zggs)
m xture. Diotehtdatlitd\asT ofEFDRAVE Naly stiftalleJor depbbitsidhtaitiag titanter nal
activation_ apparatus according to the present invention. DETAI LED

DESCRI PTI CNneyTapideremqy] mthr\ﬂqnvéltw&eﬁ%blr eticeqionredicive cleanigt em f or
thermaldy tﬁﬁ%'F’%H@Ffwgfﬂque%ﬂg deliea garﬂegage@;smma a?cd%gﬁaebm
t e enent.

process the use of a heating e Xin e oxidi zing

cl eani ng gasuldibe Berelyeldmaped 4t thatenijeeatmes hgedaintthwatoessst HEhedzdsdearitivg

cl eani ng Lh %%ste not only elimnates the need for a heating el enent
to contact I’ﬁa ghef cl eaning gas, but also results in thermally
activated gas that will not readily deactivate since it is mxed with an
inert gas to keep the radical species separated. 1o Referring to Figure 1,
a thermal acti vAnotber drewback rs@natﬂmprlq/limg qlmmgwarsyeaawwlatfwlwrmrzu ng

cl eani 0. a pro ?aﬂb I S re resent ed ner b reference
numer ar- 10: %rkéﬁﬁ%ﬁ %‘? ?i?if g{ﬂp(%a nhuggg x@gr}"f Pﬁtéo%l deaéﬁ I'hg gas inlet
tube 12, ar000P€rab s@6sl ihthepaténthe avoid rélicibmyAS Rrnddeherd Goolits aliar ge t ube 24
and reaction 15 chamber 26.

deposition processes, the elements is very vulnerable to attack. As a result, the

element deteriorates and does not function as required. At the 2000°C temperature,

metal atoms will evaporate from the filament and deposit in the chamber thus

25  contaminating the chamber. Also, excessive heating of a process chamber by an

element located within the chamber can cause damage to components and vacuum

seals within the chamber. This is illustrated by the suggestion of coating the electrical

connectors with platinum to protect them from attack. This is expensive and

unreliable.
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The oxidizing cleaning gas is introduced into inlet tube 12. Suitable
oxi di zing cleaning gas for use in the present invention includes, for
exanple, fluorine, chlorine, XeF2, dFx, BrFx, (where x=1,3,5), @, 083,

NF3, fluorocarbon gas, other highly 20 oxidizing or reactive gases, and any
conbi nations thereof. Preferably, the oxidizing cleaning gas is fluorine.
Inlet tube 12 is fabricated fromany suitable materi al capabl e of receiving

t he oxi di zi ng cl eani ng gas of the presen4t invention. Suitable materi al
i ncl udes, for 25 exanple, sapphire, dense al um num oxi de, nickel,

Hastel | oy, and any conbi nation thereof. Inlet tube 12 has a dianmeter of
about 1/4 inch to about 3/4 inch Preferably, inlet tube has a dianeter

about 1/4 igg gla? xi di zing cleaning gas is flowed
t hrough inl et tNl/JI gﬁg?yﬁh ow rate about 1 splmto about 20 slpm

Preferably, oxidizing cleaning gas is flowed at a flow rate about 2 slpmto

about 6 slpm 5 |nert s.inlet tube .14 has, acked bed 16 of .fi er
i vided metal anf PEOSEEREMODAAFERHEE AP GYIGKDS HEGInE SHcomPnsRs e

heats the fgalor @) Y88 ar%kﬁihzm%rab&rhng ad #da preRéSed Mertigaetd fofds flowI ng
through inlet tube 14. SUitable nely |vrde metal for use in packed bed

16 i ncl ydesgast@is rew@urplcentarmmﬂlcalsram@ﬂbb pgssmtthc ghwseBs mixgute, toanchctingy

conbi nati on ere da num a b ed.if there
72" b0 no. comPaehessan ediAL Tp Gt WP SR oY Redls Bhl ot BRIk o " e
finely dividegiomedhambestoforrk@lwastUsdsadiich ab St CFasr TR, use in the present

i nvention includes, for exanple, argon, nitrogen, helium or any

conbi nati ons thereof. 15 Inlet tube 14 is fabricated from any suitable
mat eri al capabl thern t X oW the oxidi zing.
cl eani ng gas of e{. emr?%rlggén‘{fgmﬁl\ge%ats %%ef%@?ﬁ%f’ge?e& £l {Ple &r &lp &ngmﬁﬁé] S
10  fluorine, chlorine, XeF,, CIFx, BrFx, (where x=1,3,5), O, O3, NF3, any fluorocarbon
gas, other highly oxidizing or reactive gases, and any combinations thereof. The
oxidizing cleaning gas is flowed to the mixing chamber at a flow rate between about 1

to 20 slpm.

15 The inert gas is preferably selected from the group consisting of’ argon,
nitrogen, helium, and any mixtures thereof. The inert gas is flowed to the mixing
chamber at a flow rate between about 1 to about 20 slpm. The inert gas is preferably

preheated to a temperature between about 400°C to about 650°C.

20 The deposits found in the reaction chamber are typically silicon oxide, silicon
nitride, polysilicon, tungsten silicide, titanium nitride, TaN, or combinations thereof,

such that the waste gas is SiF,;, CF4, WFs TaFs or TiF,.

The present invention also includes a system for thermal activation of a
25  oxidizing cleaning gas comprising: a mixing chamber which is capable of reacting a
oxidizing cleaning gas and a preheated inert gas to form a gaseous mixture having
radicals; and a reaction chamber for use in semiconductor processing which is in
gaseous communication with the mixing chamber, wherein the radicals react with one
or more deposits contained in the reaction chamber to form a waste gas.
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material includes, for exanple: nickel, Hastelloy, stainless steel, and any
conbi nations thereof. 20 Inlet tube 14 has a dianeter of about 1/2 inch to
about- 2 inches. Preferably, inlet tube has a dianmeter about 1 /2 inch to
about 1 inch, and nore preferably about 3/4 inch. 25 Inert gas is flowed
through inlet tube 14 at a flow rate about 1 slpmto about 20 sl pm
Preferably, inert gas is flowed at a flowrate about 1 splmto about 10

sl pm, and nore preferably about 2 sl pr’gito about 6 sl pm Heater 18
surrounds inlet tube 14 and heats the i'nert gas fed through the inlet 30
tube to a tenperature about 400C to about 650C. Heater 18 can be any

sui tabl e heater for use in heating inert gas flow ng through inlet tube
14. Suitabl e heplomrgnl,ngt beRizil QlloaAIPASs 181 AR ht GkinkRRkAbanGgaheat er's,
radi ant heater, gas fired co t1on aters, and any Conbi nhations thereof.
The heat edflioraret feerhibe mdwich dseit dismbter fidmfiebmeeni abbot hitxmehgoahamidd4 20 and
passes around the exterior of oxidizing cleaning gas inlet tube 12. At

m xi ng chaf®r 20, the heated inert gas is mxed with the oxidizing

cl eaning gas. The m xed gas streamthen inmediately flows through reaction
chanmber 22, which is constructed of highly inert material such as sapphire
or dens®e al uni ntim peheited inert Basisugpicdly fedentp theméering tlsambruata asingdpphi re,

to construgt .reaction chanber .22 .is a critjcal. aspect . the.invention.
Whout ¢ hipe SR ik hagies o befy Fan ok (R dn Rihoer” iR Sttt ™

i nef f ecti VRieATeedC@Be E&tBptides lahadkdicred ot rmane cadduetive fldterial eld)ea figagti vity
of the oxidizing cleanin (F:jas to other materials. 15 Suitable inert

materi al f éwvidedmastaly dihedmebedivided met# anpreferady iselestad &om the graupanpl e,

ni ckel , de . kN i i Iy LLuor. C}

i tort de. Brsifpe S AReE HH S uoprRalch seedt S g oo ycRc Cher )
const r et eghdilumirppibll®ys idy £1ko bsuseddf thetedb nalcuntamimmatioxicdacsind forited t hat

fornms an al um num i . i
particular process. The inert gas feed tube further comprises a heating means,
wherein the heating means surrounds the inert feed tube. The heating means is
selected from the group consisting of: electrical resistance heaters, radiant heater, gas
fired combustion heaters, and any combinations thereof.
15
The reaction chamber is constructed from an inert material selected from the
group consisting of: sapphire, dense aluminum oxide, nickel, Hastelloy and any
combinations thereof. The reaction chamber comprises an outer tube and a liner
inserted inside the outer tube. Preferably, the reaction chamber comprises a nickel

20  outer tube and a sapphire inner tube. The inner tube would be sealed to the outer tube

at a cool region at the opposite end from the outlet of the activated gas mixture.

DESCRIPTION OF THE DRAWINGS
25
Fig. 1 illustrates a thermal activation apparatus according to the present

invention.



20 fluoride passivation layer. In a preferred enbodi nent, a sapphire inner
tube is sealed to the nickel outer tube at the cold inert gas purged end.
This -all ows normal el astoner seals, such as Viton or Kalrez seals, to be
used without risk of damage by the oxidizing cleaning 25 gas. Reaction
chanmber 22 is sized to ensure adequate contact between the oxidizing

cl eaning gas and the heated inert gas. To achi eve adequate contact between
t he oxi di zi ng cl eaning gas and the heated inert gas, reaction chanber 22
has a di aneter 9 about 1/2 inch to afout 1 1/2 inches. Preferably,
reacti on chanmber 22 has a dianeter about 1/2 inch to about 1 inch. The
oxi di zi ng cl eani ng gas, having been m xed with the high tenperature inert
gas, pass # fnto the process chanber to
be cl eane .ExgéﬁggpPﬁsﬁgagﬁﬁgﬁigﬁi?ﬁ@?ﬁﬁﬁﬁwg?é?tbe 24 is constructed from
inert material to avoid reaction with the thermally activated oxidi zi ng

cl eani ng gas. itable inert materjal inclydes the same material.used for
constructing r?@&ﬁ’rﬁﬁn{:ﬁﬁ’ﬁ%@n provides éF%Srt%{B:}l‘gf,tﬁ%‘mq%é(tacflm)t@gﬂo’il Z@%®¥nst r uct ed

of sapphi r@ednitsi 88 8f uR ifakhirgyR6cest, itdat Mok 8F Plesth@ ANt IaS passes
t hrough process chanber 26 and reacts wth one or nore deposits in the
process chdtiieg theThxédizingcldanimgrgas withdrenated et gasrthertriatly aofivaiesthet e gas t hat
is exhausted,fro rocess anber 26 vi.a gxhaust,lin 8. 0Sit s
yptoarly COUATECIEBGESs THR AR AoRHIR efid bt heLAEp R oxi e,
si licon 15oRbhfabtBe oRfli2RE ble&BRg g&éﬂ'ﬂg{s&ljﬁ‘réﬁlké_ init@mally taBiv4ien gisithdrde, TaN,
or conbinations thereof. The waste gas is typically S F4, CF4, W6, TaFS or
Ti F4, wherwill nodréadalyidsacsivateosjiat itis mained wiithianiinert gasgakieerythgaadicaln t hi s
process, several o§s(1'/ble chem cal reactions can occur. If inert gases 20
such as helPPtf 8Pt ogen are used, and the oxidizing cleaning gas is
fluorime, the reaction will tend to formfluorine radicals. Fluorine wll

split into a hinl%hl y.reactive and very oxidizing condition where the
fluorine el enerRefeBinggo digugell cathermplactivationdeyice dory spphirghgeeallyy the inert
gas, these,k:adi . J 1 i fficient
m Xi ng occ%clrhgfgﬂe@%lkgh@m Qfﬁ%lgﬁ%%%srﬁcﬁ%bér}gg%%r? 5&@&%%?2 gﬁ‘lﬁ%{lﬂr 25 for
sone peri adfeénceinumess 10t Thassaactivationglevichd0huoa esklizihgoleeatinggas inkact s
with the desired deposits, |If argon s used as the iner as and fluorine
s Used astibhLGRIEN Eryinlat 8 g Misiag chamber Oy dischosget eﬁﬂaﬂ EFALUPEX] nay
be forped. pIhvs 6 a netastable 3o conpound that will readily give off the
fluorine ra |caTs as it passes into the process 10 chanber to be cl eaned.
The argon fluoride may stabilize the active fluorine for a | onger period of

time, and therefore, .m e useful in this.prac tQ,.sustai,n the.fluorine
in an active st eé(.’x‘ﬂ)ﬁi{%érﬁ?%n% R %ra@we?lugt r‘P‘gga’\'}?fﬁP- &Bﬁglﬂ‘a BT

rel ative acfl%ﬂné ga%Vfof adedf tl@d\ﬂem@ixﬁfiéﬁtﬁ&pfnbmﬁes,tf&fm&@ﬂa ffﬁloﬁﬁe,tdhﬁ)rmez(l ng
chanber. In all cases, with respect to fluorine, the fluorine can be

gener at ed XeFaklB, EFrdwperexl, 48k heOgdWies Huerocarhpp gas, othes highty st ored in
cylindgrs 1S4 | cal . e | t ks | i C gas
oyl i ndt 3 S RIATEL gastS S ol BiBpSpReof DPreltr B RERKERARE, 02°
t he presendleinivepgdsiiofluotife t her mal cl eani ng process has the potential for
converting a higher percentage of the nolecular fluorine into fluorine

radicals. This is due to the fact that the thermal energy is present in the
entire react i On el is KiHrialed AN aRPLIGLRIRGERI BbRMle bPrlenvify @pa: | | ke”
di scharge, and the entell e flow o tajlgf% ne vvou?g %)e Fn cont agltvg%rt this

hi gh t enpeoxitlizing dlepming gas of the present invention. Suitable material includes, for

25  example, sapphire, dense aluminum oxide, nickel, Hastelloy, and any combination

thereof.

Inlet tube 12 has a diameter of about 1/4 inch to about 3/4 inch. Preferably,
inlet tube has a diameter about 1/4 inch to about 1/2 inch.
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15 gas. The inert gas itself, once the fluorine has split into radicals,
keeps these species separated allowng the radicals to pass into the
chanber in need of cleaning, w thout reconbination to form nol ecul ar
fluorine. Another advantage of the present invention is that el enental
fluorine is | ess 20 expensive than other traditionally used oxidizing

cl eani ng gases, such as NF3. The thernmal activation system of the present
invention allows for the | ower cost flugrine generation to provide
necessary reactants to clean chanbers wi'th a considerabl e | ower cost-of
ownership for the equi pnment user. 25 It should be understood that the
foregoing descriptionis only illustrative of the present invention.

Vari ous alternatg ; dﬁﬁﬁ j j &ﬂﬁg j fhled in
the art mﬁthoutqgggzggﬁﬂ% fro%#?ﬁgb?ﬁggﬁtlonﬁkﬁgﬁgﬁggﬁg¥g&wﬁﬁﬁd§§££ent

i nventi on isplmm¢ abrod @0 istpnenPrefarably, dkidinnlg cidanmgreas is/Bewedatdi flow adte ons and
vari ances. n T IS, CL MED IS: 1. A process for thermally activating an
oxi di zi ng APY B“UQ§m86ﬁ%FP§¥ng the steps of: (a) reacting an oxidizing
cl eaning gas and a preheated inert gas to forma gaseous m xture havi ng one

or nore radicals; and 5 (b) passing said gaseous mixture to a reaction
chanber ;5 wher ei nngzigds oves tahre Yohas amadkeskbes Iteafdinely dividsdanesal andrachedisposi t s

o 1129, e B s I TR BT e o B 00

consi sti ng t@f hdatsuBé ket gag MoingttroutdFidlet RbEN 4. Buftible BhclyQBvidbifdietal
fl uorocarbon gas, and any conbinations thereof. 3. The process of claiml,

wher ei n saifar Bseigiparkeg keddSrinelydesatoriesamplsinpigkeloHagteldoyrsteiressstrghisad at a
fl te b : | 0 sl 4. f.claiml,
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wherein said inert gas is flowed to said mxing chanber at a flowrate
bet ween abdBetahisafigksl-t o about 20 sl pm 6. The process of claim1, wherein
said inert gas is preheated to a tenperature between about 250C to about
800C. 7. The process of claiml, wherein said one or nore deposits are
sel ected from t IRuifgblsupert gassfos senig thé presénit irsention ingdydes,ifor example targate,
polysili Conﬁitrggc%%]ﬁgl?lpm,sérl alnglcgrenbinations thereof.
15
Inlet tube 14 is fabricated from any suitable material capable of carrying the
inert gas to mix with the oxidizing cleaning gas of the present invention. Suitable
material includes, for example: nickel, Hastelloy, stainless steel, and any
combinations thereof.
20
Inlet tube 14 has a diameter of about 1/2 inch to about 2 inches. Preferably,
inlet tube has a diameter about 1/2 inch to about 1 inch, and more preferably about 3/4

inch.

25 Inert gas is flowed through inlet tube 14 at a flow rate about 1 slpm to about 20
slpm. Preferably, inert gas is flowed at a flow rate about 1 splm to about 10 slpm.,

and more preferably about 2 slpm to about 6 slpm.

Heater 18 surrounds inlet tube 14 and heats the inert gas fed through the inlet
30  tube to a temperature about 400°C to about 650°C. Heater 18 can be any suitable



titaniumnitride, TaN, and any conbi nati ons thereof. 12 8. The process of
claim1, wherein said waste gas is at |east one selected fromthe group
consisting of SiF4, CF4, W6, TaF5, and TiF4. 9. A systemfor thermnal
activation of an oxidizing cleaning gas conprising: (a) a m xing chanber
whi ch is capable of reacting an oxidizing cleaning gas and a preheated
inert gas to forma gaseous m xture having one or nore radicals; and 5 (b)
a reaction chanber for use in sem conductor processing which is in gaseous
comuni cation with said m xi ng chanber, fherein said one or nore radical s
react wwth one or nore deposits contained within said reaction chanber to
forma waste gas. 10. The system of claim9, wherein said oxidizing

cl eani ng gagaq | Shd f i | ori ne,
Xer2, G'Fx Toai B h Bl B B R B e, et s

t her eof . 11lincliide, foy sx@nplof eledtacalr&istadee heaters smidnbhéatkirzgasdired eambuggiogas i s
fed to said mxin chanbe%. vi.a a . feed tube which has a dianeter from

bet ween abolfatFHA0A 3K COBOIIHARS hefeRbh. 12, The system of claim 9, wherein
said inert gas is selected fromthe group consisting of: argon, nitrogen,
helium and any m xtures thereof. 13. The systemof claim9, wherein said
preheat ed i nert §hshéatedindrtigas frandnlef mbng4¢%mﬁeﬁomiixmmamber20gms f eed

t ube havi ng_a di anet frombetween. 1/2 inch to t pnches. 14.. The
system of | oPaeeh S e cKRROLS ifiningcleghenkad U 1, o FBBe shited bea
of thermal | y0,aROHsHESd MBrt FaE Rithixed with the oxidizing cleaning gas. The mixed gas

stream then immediately flows through reaction chamber 22, which is constructed of

highly inert material such as sapphire or dense aluminum oxide.

10
The use of inert materials, such as sapphire, to construct reaction chamber 22
is a critical aspect of the invention. Without the use of inert material, the reaction
chamber can become ineffective and can result in a hazardous operation, due to the
reactivity of the oxidizing cleaning gas to other materials.
15

Suitable inert material for constructing reaction chamber 22 includes, for
example, nickel, dense aluminum oxide, sapphire, aluminum fluoride, calcium
fluoride, or any combinations thereof. Preferably, reaction chamber 22 is constructed
of sapphire, which is a crystal aluminum oxide material that forms an aluminum

20  fluoride passivation layer.

In a preferred embodiment, a sapphire inner tube is sealed to the nickel outer
tube at the cold inert gas purged end. This allows normal elastomer seals, such as
Viton or Kalrez seals, to be used without risk of damage by the oxidizing cleaning

25  gas.

Reaction chamber 22 is sized to ensure adequate contact between the oxidizing
cleaning gas and the heated inert gas. To achieve adequate contact between the

oxidizing cleaning gas and the heated inert gas, reaction chamber 22 has a diameter



13 15. The systemof claim 14, wherein said thermally conductive materi al
is a finely divided netal. 16. The system of claim 15, wherein said finely
divided netal is selected fromthe group consisting of: nickel, Hastell oy,
stainl ess steel, copper alloy, alum numalloy, and any conbi nations
thereof. 17. The system of claim 13, wherein said inert gas feed tube
further conprises a heating neans. 18. The systemof claim 17, wherein said
heati ng means surrounds said inert feed tube. 19. The systemof claim 17,
wherein said heating neans is sel ected ¥ om t he group consisting of:

el ectrical resistance heaters, radiant heater, gas fired conbustion

heat ers, and any conbi nations thereof. 20. The systemof claim9, wherein

said reacti ' $ e i Hhal ] e system
o cl ai m 20" R LRanek 1 g T3t il BridefdBlyE o1 b 22 Moy o el
consi sti ng afout di2akeh to abenskimhum num oxi de, sapphire, al um num fl uori de,
calcium fluoride, and any conbi nations thereof. 22. The systemof claim?9,
wherein said reaction chanber conprises an outer tube and a liner inserted

e, e ot o TR T S SR LA o ek o
5  gas, passes through a short outlet tube 24 and into the process chamber to be cleaned.
Again, it is critical that outlet tube 24 is constructed from inert material to avoid

reaction with the thermally activated oxidizing cleaning gas. Suitable inert material
includes the same material used for constructing reaction chamber 22. Preferably,
outlet tube 24 is constructed of sapphire inside of a nickel tube.

10

The oxidizing cleaning gas passes through process chamber 26 and reacts with

one or more deposits in the process chamber. The reaction results in the formation of
a waste gas that is exhausted from process chamber 26 via exhaust line 28. Deposits
typically found in process chamber 26 include, for example, silicon oxide, silicon

15 nitride, polysilicon, tungsten silicide, titanium nitride, TaN, or combinations thereof.
The waste gas is typically SiF4 CFa, WFg, TaFs or TiF,4, when fluorine is employed as

an oxidizing cleaning gas.

In this process, several possible chemical reactions can occur. If inert gases
20 such as helium or nitrogen are used, and the oxidizing cleaning gas is fluorine, the
reaction will tend to form fluorine radicals. Fluorine will split into a highly reactive
and very oxidizing condition where the fluorine element forms a radical. Due to the
dilution provided by the inert gas, these radicals now cannot recombine with each
other until sufficient mixing occurs. This will maintain the reactivity of this mixture
25  for some period of time as it passes through the process chamber and reacts with the

desired deposits.

If argon is used as the inert gas and fluorine is used as the oxidizing cleaning
gas, an intermediate compound [ArFx] may be formed. This is a metastable

30  compound that will readily give off the fluorine radicals as it passes into the process



24. The systemof claim9, wherein said waste gas is at |east one selected
fromthe group consisting of: SiF4, CF4, W6, TaFs, and Ti F4.
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into fluorine radicals. This is due to the fact that the thermal energy is present in the
entire reaction chamber, rather than being concentrated to a "corona-like" discharge,
and the entire flow of fluorine would be in contact with this high temperature inert

15 gas. The inert gas itself, once the fluorine has split into radicals, keeps these species
separated allowing the radicals to pass into the chamber in need of cleaning, without

recombination to form molecular fluorine.

Another advantage of the present invention is that elemental fluorine is less
20  expensive than other traditionally used oxidizing cleaning gases, such as NF3;. The
thermal activation system of the present invention allows for the lower cost fluorine
generation to provide necessary reactants to clean chambers with a considerable lower

cost-of-ownership for the equipment user.

25 It should be understood that the foregoing description is only illustrative of the
present invention. Various alternatives and modifications can be devised by those
skilled in the art without departing from the invention. Accordingly, the present

invention is intended to embrace all such alternatives, modifications and variances.
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1. A process for thermally activating an oxidizing cleaning gas comprising the steps
of:
(a) reacting an oxidizing cleaning gas and a preheated inert gas to form a
gaseous mixture having one or more radicals; and
5 (b) passing said gaseous mixture to a reaction phamber, wherein said one or
more radicals react with one or more deposits contained within said

reaction chamber to form a waste gas.

2. The process of claim 1, wherein said oxidizing cleaning gas is selected
from the group consisting of: fluorine, chlorine, XeF,;, CIFx, BrFx, O,, O3, NF;,

fluorocarbon gas, and any combinations thereof.

3. The process of claim 1, wherein said oxidizing cleaning gas is flowed to

said mixing chamber at a flow rate between about 1 slpm to about 20 slpm.

4. The process of claim 1, wherein said inert gas is selected from the group

consisting of: argon, nitrogen, helium, and any mixtures thereof.

5. The process of claim 1, wherein said inert gas is flowed to said mixing

chamber at a flow rate between about 1 slpm to about 20 slpm.

6. The process of claim 1, wherein said inert gas is preheated to a temperature
between about 250°C to about 800°C.

7. The process of claim 1, wherein said one or more deposits are selected from
the group consisting of: silicon oxide, silicon nitride, polysilicon, tungsten silicide,

titanium nitride, TaN, and any combinations thereof.
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8. The process of claim 1, wherein said waste gas is at least one selected from the

group consisting of: SiF,, CF4, WFg, TaFs, and TiF,.

9. A system for thermal activation of an oxidizing cleaning gas comprising:

(a) a mixing chamber which is capable of reacting an oxidizing cleaning gas
and a preheated inert gas to form a gaseous mixture having one or more
radicals; and

5 (b) a reaction chamber for use in semiconductor processing which is in
gaseous communication with said mixing chamber, wherein said one or
more radicals react with one or more deposits contained within said

reaction chamber to form a waste gas.

10. The system of claim 9, wherein said oxidizing cleaning gas is selected from the
group consisting of: fluorine, chlorine, XeF,, CIFx, BrFx, O,, Os, NF;,

fluorocarbon gas, and any combinations thereof.

11. The system of claim 9, wherein said oxidizing cleaning gas is fed to said mixing
chamber via a feed tube which has a diameter from between about 1/4 inch to

about 1 inch.

12. The system of claim 9, wherein said inert gas is selected from the group

consisting of: argon, nitrogen, helium, and any mixtures thereof.

13. The system of claim 9, wherein said preheated inert gas is fed to said mixing
chamber via an inert gas feed tube having a diameter from between 1/2 inch to

about 2 inches.

14. The system of claim 13, wherein said inert gas feed tube comprises a packed bed

of thermally conductive material.
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group consisting of: nickel, Hastelloy, stainless steel, copper alloy, aluminum alloy,

and any combinations thereof.

17. The system of claim 13, wherein said inert gas feed tube further comprises

a heating means.

18. The system of claim 17, wherein said heating means surrounds said inert
feed tube.

19. The system of claim 17, wherein said heating means is selected from the
group consisting of: electrical resistance heaters, radiant heater, gas fired combustion

heaters, and any combinations thereof.

20. The system of claim 9, wherein said reaction chamber is constructed from

an inert material.

21. The system of claim 20, wherein said inert material is selected from the
group consisting of: nickel, dense aluminum oxide, sapphire, aluminum fluoride,

calcium fluoride, and any combinations thereof.

22. The system of claim 9, wherein said reaction chamber comprises an outer

tube and a liner inserted inside the outer tube.

23. The system of claim 22, wherein said reaction chamber comprises a nickel

outer tube and a sapphire liner.
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24. The system of claim 9, wherein said waste gas is at least one selected from

the group consisting of: SiF4 CFs, WFg, TaFs, and TiF,.



