*166166* 1 THERVAL ACTI VATION OF FLUORINE FOR USE IN A SEM CONDUCTOR
CHAMBER 5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates generally to an apparatus—+ﬁ#—st¢mﬁwﬁfmr{ﬁm—10 a
.10 sem conduct or process chanber. Mre particularly, mle n@mw“‘mventlon

felates to an apparatus for supplying thermally actlva

oxi di zing cleaning gas to clean a sem conductor

process for cleaning a process chanber mnth t he thernally A% Vat ed
fluorine or oxidizing cleaning gas. 15 2l Description of the Prior Art A
primary step in the fabrication of sem conductor devices is the formation
of a thin film on BHERMAPNCTIVATION DFEFEUDRINIE FORUSESREAI On of vapor
precursors. A typical deposition DI 0Cess I ncludes chem cal vapor
deposition (CvD). Conventiona - ;

: ROHAMBIR es supply reactive
gases to the substrate surface where heat- induced chem cal reactions take
place to forma thin filmlayer over the surface of the substrate being
processed. However, deposition occurs throughout the chanber, and not just
on the 25 substrate. The heavi est de%95|t|ons occur in the hottest areas of
the chanber BAGKGROUNR OF THE INYENIION;r ea 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, chanber walls, w ndows,
gas nozzl es 1. ttoedd of thetlovem@i@OnThese depositions can cause a nunber of

probl ens, such as, clogging fine holes in gas nozzles, disrupting an even
fl ow of gas and affectlng process uniformty,

The present invention relates generally to an apparatus for supp]ymg gastoa

10 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.

15 2. Description of the Prior Art

A primary step in the fabrication of semiconductor devices is the formation of
athin filmon a semiconductof substrate by chemical reaction of vapor precursors. A
typical deposition process includes chemical vapor depositioni (CVD). Conventional
20 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
25  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.

30 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,
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~I1~~0 110 VIl VIIl 1110110100 ~II~ *@&0002* 2 and cl oudi ng chanber

W 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 layer or interfere with the nmechanical operation of
the deposition system 5 To avoid such problens, the inside surface of the
chanber is cleaned regularly to renove the unwanted . deposition nateri al
fromthe chanber walls and simlar areas_ of the processing chanber. Such
cl eani ng procedures are comonly perforn%d bet ween deposition steps for
every wafer or every n wafers. One type of procedure 10 invol ves

di sassenbl i ng the chanber and cl eani ng each part using a solution or

sol vent, thegpy gfoﬁgiﬁg cf}&ﬂbé%ﬁwp laff&ﬂing fre %ﬁ{yetg]seg n#t(z b r c?lglt%gglr s

| abor -i nt ensi ve I me- consum ng, ré&ducl ng-wafer ricatronline

ef fici ency additioncheamiapdorooparticulhtes,ivghidesarr falloatd thecobtact aridhﬁu?ﬂ £ani ng
operations in=situ ical in-situ 15 cl eaning operations use, for
eganple, niFF@@@Ht@?g¥fﬁﬁ?J@@“@Nﬁ@ffeﬁﬁ?%%ﬁFé?“?PWﬁﬂﬂﬁ@”“PF?f“&nd chl ori ne
trifluoridegtfekiin §seht chant gases in cleaning operations. In these

typi cal cleaning opérations, the gas flows to the process chanber. NF3 or
F2 is typically activated by formng a | ow pressure plasnma by supplying an
radi o frequency fi el net.ron et in the chanber or in

| ectyri | d . m od
a renote chanber T%ea% g‘rdreslugﬁgr%er%é}??[)@%géﬁrﬁ%“&f ﬂl*—?g“_@é‘?pebés Glerrpd Frsulagly
directly totardn@aeeklk GHET ddPebitio weatdrial o the@AThbM! W M1sChdtshBi1d8%east he

chanber nust be cooled fromits operating condition to avoid danmage to the
conponent s. obths preegssing chasnbes, Snch gleaning pimsdutes aretcomimondly pafwsed anot her

approach to between deposition steps for every wafer or every n wafers. One type of procedure
10 involves disassembling the chamber and cleaning each part using a solution or
solvent, then drying and reassembling the system. This procedure is labor-intensive

and time-consuming, reducing wafer fabrication line efficiency and increasing costs.

It 1s desirable to conduct the cleaning operations in-situ. Typical in-situ
15 cleaning operations use, for example, nitrogen trifluoride (NF3), molecular fluorine
(F2) and chlonne trifluoride (CIF3) as etchant gases in cleaning operations. In these
typical cleaning operations, the gas flows to the process chamber. NF; or F, is
typically activated by forming a low pressure plasma by supplying an radio frequency
electrical field or magnetron method in the chamber or in a remote chamber before the
20  chamber. CIF; or F; can be introduced directly to a heated chamber but, due to the
reactivity of the gas, the chamber must be cooled from its operating condition to avoid

damage to the components.

U.S. Patent No. 6,242,347 to Vasudev et al. discloses another approach to
25  cleaning a process chamber. The disclosed method includes a brief thermal cleaning
step between wafers using chlorine as the halogen cleaning gas. The chlorine gas is
admitted to the chamber at an elevated temperature of about 500 to 700°F. The

chlorine gas may-be mixed with up to about 99.9% by volume of an inert diluent gas.



25 cl eaning a process chanber. The di scl osed nethod includes a brief

thermal cleaning step between wafers using chlorine as the hal ogen
cleaning gas. The chlorine gas is admitted to the chanber at an el evated
tenperature of about 500 to 700F. The <chlorine gas nay be mxed with up to
about 99.9% by volune of an inert diluent gas. 3 U S. Patent No. 6,375, 756
to | shibashi discloses a nethod for renoving a fil mdeposited inside a
filmform ng chanber. A hot elenent is disposed in a chanber and heated up
to a tenperature of 2000C or higher after the chanber is exhaust ed.
Thereafter, a oxidizing cleaning gas, which is deconposed and/or activated
by the hot 5 elenent to generate an activated species that converts the

deposited filminig BASANS 6 BHDB6aNTGibah] HEIBINGEHethat ﬁ)r&&ﬁoﬁpgm- The

oxi di zi ng cl eani ng gas may be .fluorlne, chlorine, nitrogen tritruoride,
car bon t et r dfpasied dhsiderefimiformring theamizsr.  Aoldtaddnuont cppdisgraedin caraoder and

tetrachl ori de ent af | uor ochl or e,,triflyuorochl orine, -

trifluoroc h%S?tS‘ﬁﬁ? ?1061?1 ?m%%??{froﬁg’bg‘%?a%bﬁgﬁ%{ a#tJﬁr t}_}ﬁ %Wﬁ’@‘s‘_steﬁg?”é@fi: 10 There
are sever al ThewhackoxRESAE icl%hﬁi@lé\giaé, Rvisvis isQiBBoposed aR@Rt At aRlYTRRAL fiot O
heat oxi di zing cleaning gas. In U'S. Patent No. 6,242,347, C-) "gas is used

whi ch is5 nélemest joeganefajeam activated spetti ethahepnivertothie ylepesited ifills iftorgaskepesi t s

cont ai ning t}j jum.  Si.nce .rapi.d renoval., of the deposits is desirable to
reduce non- tﬁlrl%s%}]g? irlgvléltrgfhé%eni"ﬁté)%%d?l $r- IIIBe 8%5“@&@8%% 8“‘0’83){7@? e desirable
cl eani ng agénban§whidrie, higdgesdtritiander careitedafioorkeyiexaiiodamaaed at the
tenperatures used in this process. The less reactive C2 is therefore

used. Anot h@Ftaﬂium&wnP,scafmtefmélqsidedp%tﬁ@lw@mrpw@ammﬂweqlﬁowq,h ]'Ehlel
( _ t
el ement i 0 by B N0 1 37muE8e, S SIRGLALYT e Must be careful ly

control |l ed above n e ‘paten avord reaction. As the
el enent 1600l s to run

There are several drawbacks associated with systems using heating elements
to heat oxidizing cleaning gas. In U.S. Patent No. 6,242,347, Cl; gas is used which is
not as reactive as F, or CIF3 and is only suitable for deposits containing titanium.
Since rapid removal of the deposits is desirable to reduce non-productive cleaning

15 time, F; and CIF; would be more desirable cleaning agents but the heated chamber
would be severely damaged at the temperatures used in this process. The less reactive

Cl, is therefore used.

Another drawback is that the oxidizing cleaning gas reacts with the element in

20 U.S.Patent No. 6,375,756. The temperature must be carefully controlled above
2000°C as stated in the patent to avoid reaction. As the element cools to run
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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deposition processes, the elenments is very vulnerable to attack. As a
result, the elenent deteriorates and does not function as required. At the
2000C tenperature, netal atons will evaporate fromthe filanment and
.deposit in the chanber thus 25 contam nating the chanber. Al so, excessive
heating of a process chanber by an elenent |ocated within the chanber can
cause damage to conponents and vacuum seals wthin the chanber. This is
illustrated by the suggestion of coating4the el ectrical connectors with
platinumto protect themfromattack. Thris is expensive and wunreliable. 30
4 SUMMARY OF THE | NVENTION A process for thermally activating an oxidizing
cl eaning gas conprising the steps of. (a) reacting a oxidizing cleaning

gas and a p i RF a 5 gaseous m xture containi ng
rsgh?gg&ﬁy' OFTEHEGNVENTROR

radi cal s; an passi ng the gaseous m xture to a reaction chanber,
wherein the radicals react wwth one or nore deposits contained within the
reaction chanber to forq1a maiieé%as,.such as. SiF4, CF4 or TiF4. The

oxi di zi ng cl eani APTGESS 'Y IBFIEtally A PVANG PG ZNE ST &35 SOPEYRS It i ng of -
10 f1 uori nestepfibpithy¥8acti@oxidibing clddhing gas WHEh preficdted imdht gdddo (@ a NF3, any
fl uorocarbon gas, other "highly oxidizing or reactive gases, and any

conbi nat § ongasenus pwfturefipataivrg tidi¢aly aoil darnasging the gaseduls oviestire t & feactrini ng
chanmber at a, flow rate. between.about 1 to 20 slpm .15 The inert. gas is
referabry CarnBelRbeuRE ARG SRS e ph o SRR B3R e R R e §
and any mi XtéHcEien thengefto fothea Wage kagatch & $iFPVEr, draiFhe m xi ng chanber at
a flowrate between about | to about 20 sl pm The inert gas is preferably

preheated to a tenperature between about 400C to about 650C.
The oxidizing cleaning gas is preferably selected from the group consisting of:

10 fluorine, chlorine, XeF,, CIFx, BrFx, (where x=1,3,5), Oz; Os, 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 SiF4, CF4, WFg, TaFs or TiFy.

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. |

30



.20 The deposits found in the reaction chanber are typically silicon oxide,
Silicon nitride, polysilicon, tungsten silicide, titaniumnitride, TaN, or
conbi nati ons thereof, such that the waste gas is SiF4, CF4, W6, TaF5 or
.Ti F4. The present invention also includes a systemfor thermal activation
of a 25 oxidizing cleaning gas conprising: a mxing 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 gaSeous comunication with the m xing
chanber, wherein the radicals react with one or nore deposits contained in
the reaction chanber to forma waste gas. 30 5 Preferably, the oxidizing

cleaning gas is i»%ieﬂamtyomm@lmmge%?ﬁlhgrghﬁs ¥4 ﬁn@tﬁérﬂ%ﬁg&a}rﬁﬁﬁvfalabe whi ch

has a di anmeter from befween abou rnch to about 5 Th

preheat ed i Apringesd ftubetwintl hag a/diamdter fitomn bétween abhaug 1&hianker aboub3/4n i nert
feed tube haV|ng a dianeter from between about 1/2 inch to about 2 inch
wherein the ™ hert feed tube conprises a packed bed of thermally conductive
material, e.g., a finely divided netal. The finely divided netal is
preferably selected fromthe group consisting of. nickel, Hastelloy,

stai nl es§ steel, Téﬁﬁfeé}ﬂve‘élmﬁi geats pisalin&ddofo, theoppiag Ch@nhcrdwaammenum

al | oys may e I n natl n.,congerns for.
particul ar g‘%%glélgeh hlrallrenre Pa ?gg@ ge? Otb ltnﬁléf %béjr‘?g? ichovheren 1365 ng
means, vmeﬁmmfee@mbbeampﬁgesrm;masecswdmn@laaambe:ohmfntvefneﬁ@hatlLBJg,e a fih@ly
heatlng nmeans .i s, selected fromthe group consisting of. el ectri cal

resi stance Medfedmetal sHiefinelndivided mejalsis preferablyseisatedifoom Fhesgrevns, and any
conbi nati On%oﬁg"ﬁfn%%ff. nicKe?, Hastelloy, stainless steel, and any combinations thereof. Copper

10 and aluminum alloys may also be used if there is no contamination concerns for the
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.



The reaction chanber is constructed froman inert material selected from
the group consisting of: sapphire, dense al um num oxi de, nickel, Hastell oy
and any conbinations thereof. The reaction chanber conprises an outer tube
and a liner inserted inside the outer tube. Preferably, the reaction
chanber conprises a nickel 20 outer tube and a sapphire inner tube. The

i nner tube would be sealed to the outer tube at a cool region at the
opposite end fromthe outlet of the activated gas m xture. DESCRI PTI ON OF
THE DRAWNGS 25 Fig. | illustrates a thefmal activation appar at us accordi ng
to the present invention. 6 DETAILED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides a systemfor thernally activating a oxidizing

cl eani ng gaﬁ)ﬁ'P}&IH}Eﬁ DﬁSélﬁbT‘i’ﬁWFﬁFﬁEQWENﬁ‘i@ﬁUt the use of a heating

el enent . M x1 ng the oxidizing cleaning gas w heated i nert gas
thermal Iy activates the oxidizing cleaning gas. The systemnot only
elimnates the need for a heating el enent e?'gggcontact t he oxi di zi.ng

cl eani ng gas, but! IPSGCREBYERUONBIOYIARs $aysf thsraady a@%‘éatltnﬂétox‘wllng not

readily deagidaua g%aﬂcﬂﬁ%ehﬁabféaﬂhé'ﬁ%c\é&st mmeue tﬂghge héaﬂng%%ﬂlehhe radi cal
speci es separated.” 10 Referring to Figure 1, na actTvati on device

for suppbyi rh\glxurrmthmkldyzmmkwag gab with hﬁzﬂechgleul @ammagﬁactt\mtea t}p)str ocess
chanber is re .esen

ener ref nce

activation (% 1zge _C[%mﬁ‘g 8850 ed%/yff)eﬁbmg o8 Hﬁmﬁgﬁ rﬁ? rt%hbeémfé eieéﬂ?“f nert
gas inlet tubeortioct the iR ez 24, bidiafehasIf ih H{%ﬁngl‘fy afafeaqat iR 15
chamber  26. will not readily deactivate since it is mixed with an inert gas to keep the radical

species separated.

10 _
Referring to Figure 1, a thermal activation device for supplying thermally

activated oxidizing cleaning gas to a process chamber is represented generally by

reference numeral 10. Thermal activation device 10 has a oxidizing cleaning gas inlet

tube 12, an inert gas inlet tube 14, mixing chamber 20, discharge tube 24 and reaction

15  chamber 26.

The oxidizing cleaning gas is introduced into inlet tube 12. Suitable oxidizing
cleaning gas for use in the present invention includes, for example, fluorine, chlorine,
XeF,, CIFx, BrFx, (where x=1,3,5), Oz, O3, NF3, fluorocarbon gas, other highly

20  oxidizing or reactive gases, and any combinations thereof. Preferably, the oxidizing

cleaning gas is fluorine.

Inlet tube 12 is fabricated from any suitable material capable of receiving the
oxidizing cleaning 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.
30



The oxidizing cleaning gas is introduced into inlet tube 12. Suitable
oxidizing cleaning gas for use in the present invention includes, for
exanpl e, fluorine, chlorine, XeF2, CFx, BrFx, (where x=1,3,5), 02, 03,
NF3, fluorocarbon gas, other highly 20 oxidizing or reactive gases, and any
conmbi nations thereof. Preferably, the oxidizing cleaning gas is fluorine.
Inlet tube 12 is fabricated fromany suitable material capable of receiving
the oxidizing cleaning gas of the present invention. Suitable materi al

i ncl udes, for 25 exanple, sapphir.e, dens€ al um num oxi de, nickel,

Hastel |l oy, and any conbination thereof. Inlet tube 12 has a di aneter of
about 1/4 inch to about 3/4 inch. Preferably, inlet tube has a dianeter

about 1/4 inch t 1 g i di zi I [ j |, owed
Chrougn i nl ef tue 10 I EERs Aivig uihel RIRRE SO A ERR bt

Pref erably, spkndo zbog 26Iskpemi Pugfagalsdy,i sxidizmgedeaningagak ioflowed &t a Adwuite2 S| pm
to about 6 S%pﬁ] 5 Ine&@ gag inlet tube 14 has a packed bed 16 of finely
di vi ded met APOHhASIBMHAPRM! 0 §!8™M- yhi ch surrounds inlet tube 14. Heater 18
heats the finely divided netal, which in turn heats the inert gas flow ng

through inlet tube 14. Suitable finely divided netal for use in packed bed
16 incl udes, for lpgdigps mletmitekiel hasldgatiedd oad, 1 sefdimeledividet emdtal andch heatey

conbi nati ons, 4 her eof . Coppe d .al ym nu | | oys | so be used.if. there
B Y e AR K IR Y T S ML
finely divi dafh hdaRitt irest gis ToRing BrddghhRt tibRNY. GAfaf10finkBAilided Rt esent
invention includes, for exanple, argon, nitrogen, helium or any
conbi nat i onsfor neeriapcked bed 16 includes, for example: nickel, Hastelloy, stainless steel, and

any combinations thereof. Copper and aluminum alloys may also be used if there is

10 no contamination concerns for the particular process. Preferably, the finely divided

metal is nickel.

Suitable inert gas for use in the present invention includes, for example, argon,
nitrogen; helium, or any combinations 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
maternial 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



15 Inlet tube 14 is fabricated fromany suitable material capabl e of
carrying the inert gas to mx wth the oxidizing cleaning gas of the
present invention. Suitable nmaterial includes, for exanple: nickel,
Hast el |l oy, stainless steel, and any conbinations thereof. 20 Inlet tube 14
has a di aneter of about 1/2 inch to about 2 inches. Preferably, inlet tube
has a dianeter about 1/2 inch to about 1 inch, and nore preferably about
3/4 inch. 25 Inert gas is flowed throug? inlet tube 14 at a flowrate
about 1 slpmto about 20 slpm Preferably, inert gas is flowed at a fl ow
rate about 1 splmto about 10 slpm, and nore preferably about 2 sIlpmto
about 6 slpm Heater 18 surrounds inlet tube 14 and heats the inert gas fed
through the pepdeftor u§9mtﬂélﬁﬁn% freft JaS TRRARS thiGu BRI tuﬂQQ@ SRt HEat&R0C.

Heater 18 can be any suitable 8 " heater for use in heating Inert gas

f1 owi ng t hr ougjidd, idrexamplse eledtric8uiesistiohes heaters radiant iehtar egas fioed coxehstien

el ectrical resgstaqﬁﬁ]heaﬁ) %f gfla t heater, gas fired .conbustion

heat er s, an& 38? ASHEI LR OMEOPRIIEEY . 5 The heat ed i nert gas frominl et
tube 14 flows into m xing chanber 20 and passes around the exterior of
oxi di zing cleanin as inlet tube 12. At m xing chanber 20, the heated
inert gad8 is m xérgl \%F%tﬁd trieet ga ifipiny indgf tebeekiflonys g mixing chambeat 2§awd stream

t hen i nmredi t .i on_chanber. con cted of
hi ghl'y |ner3&g£¥3%#§&%§6%h9§§%£8§%ﬁ fir &emnﬁ%%mln FB%%ﬂgﬁlt%Pﬁé (%B"¥ He use
of inert materthelheated it @s nmmﬂmwm tHe@xCdIFIS § EMBing @a6t TROmBAer 22

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 réaction chamber 22
1s a critical aspect of the invention. Without the use of inert material, the reaction
chamber can become ineffective Iand 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  fluonide 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 cleaﬁing gas and the heated inert gas, reaction chamber 22 has a diameter



is acritical aspect of the invention. Wthout the use of inert material,

t he reaction chanber can becone ineffective and can result in a hazardous
operation, due to the reactivity of the oxidizing cleaning gas to other
qmaterials. 15 Suitable inert material for constructing reaction chanber 22
includes, for exanple, nickel, dense al um num oxi de, sapphire, alum num
fluoride, calcium fluoride, or any conbinations thereof. Preferably,
reaction chanber 22 is constructed of sgpphire which is a crystal

al um num oxi de material that forns an al dm num 20 fl uori de passivation

| ayer. In a preferred enbodi nent, a sapphire inner tube is sealed to the
ni ckel outer tube at the cold inert gas purged end. This all ows nornal

el astoner seghs 1/3 U té‘%b?u\{lt‘@'?né?xres Kﬁle"féﬁbl L&lontc%aﬁl%nngfgazs\éﬂ diQut, ri sk of

damage by the oxidizing cleaning gas. eactlon C 1's 'S zed to
ensur e adequébet K2mchdo abettviaech.t he oxi di zing cl eaning gas and the heated
inert gas. To achi eve adequate contact between the oxidizing cleaning gas
and the heated inert gas, reaction chanber 22 has a dianmeter 9 about 1/2

inch to about 1 'fig oixﬂﬁﬂﬁgcleﬁ)ﬁﬁé%ﬁﬁbﬂaym IHR&F i, iR IR ot t%nﬁ)@xsatl?re%@'mt er
about 1/2 inch to about 17inch he oxi |Z|ng cl eani ng gas, having been

m xed with tgae g threngles shart eutiet tibe 24Gindaito tipagesssicharobigrtio de steantd. out | et
tube 24 and nto s. ¢h er,to be cl ed.. Agajn, is critica
that outl et é’ﬁ CPE *’33%’3 Opﬁgﬁg ?‘} grﬁofl?félfcfeﬁ?’@ﬂ?%ﬁ ‘%f’t?“él/t(?laﬁf %Keact i on
with the t herembhmﬂpthe m@dupxuwa@dr&uﬁhﬂgmeaﬂmgag%s Stk AbAin@rt nRéral
material includes the same material used for constructing reaction chanber

22. Pref er apngiudesghe same matsaiabusefl Soreonsirpatiog seactpn shppber2ad. iPneferiblyof a

ni ckel tube. "outlet tube 24 is constructed of sapphire inside of a nickel tube.

10
The oxidizing cleaning gas passes through proceés chamber 26 and reacts with
one or more deposits in the process chamber. The reaction results in the formation of
a waste gas that 1s 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 CF4, WFg TaFs or TiF4, 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 [ ArF,] may be formed. This is a metastable

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



10 The oxi di zi ng cl eani ng gas passes through process chanber 26 and reacts
Wth one or nore deposits in the process chanber. The reaction results in
the formation of a waste gas that is exhausted from process chanber 26 via
.exhaust |ine 28. Deposits typically found in process chanber 26 include,
for exanple, silicon oxide, silicon 15 nitride, polysilicon, tungsten
silicide, titaniumnitride, TaN, or conbinations thereof. The waste gas is
typically SiF4, CF4, W6, TaF5 or Ti F4, en fluorine is enployed as an
oxi di zing cleaning gas. In this process, ‘several possible chem cal
reactions can occur. If inert gases 20 such as heliumor nitrogen are
used, and the oxidizing cleaning gas is fluorine, the reaction wll tend
to formfl uataRBer @elAahed FrHOLIGBE Aokde SRy srtaHilrf%thgam\Qm%ﬁ'hg% ve and
very oxidi zing condition where the fluorine’elenment torns a radical. Due to
the dil uti dengerpenaédf tmetdnd therefore,gasy bt heefel indldi padcssstowsustainnibng

reconbi ne mﬁﬁh each other untg; suffic%ent m igﬁgocgﬁés. This will
mai ntai n t he TERELT 87 AYGS 1A i YA E &S grgogy YOOE " Bedld_(ﬂ“ Fﬁ%laté‘ée_ it
passes thr ouagortﬂwrame&mm%g&%gmm%r;&%&ﬁom_h%hnitx chdgsky ed deposits.

If argon is used as the inert gas and fluorine is used as the oxidizing
cl eani ng3 gas, an internedi ate conpound [ArFx] may be forned. This is a

nmet ast abl e 30 co that, will .readil. ive off the fluorine radicals as
it passes into tﬁggg?%%%sgnﬁ55pgﬁg%§89“¥8qh%%8?%ﬁﬁ _%mﬁﬁgmﬁk dR a1 uori de
may st abi | i z&edodtizGhiorie fgetierbionaidce flitbrine RRBEd i 1in@ks ¥ inffri®icaBMThe
therefore, may be useful in this process to sustain the fluorine in an
active st at eNeIvE3S Iisypmipdifrm segpressedignsicabingddrs pr bidk stomrassysth@sy el at i ve

argon flow rates and the appropriate tenperature of the m xing chanber. 5

1

10 Overall, by using the apparatus of the present invention, the thermal cleaning
process has the potential for converting a higher percentage of the molecular fluorine
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 mert 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 NF;. 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.



In all cases, with respect to fluorine, the fluorine can be generated in an
electrolytic fluorine generator, since fluorine stored in cylinders is
impractical. The inert gas is supplied from conpressed gas cylinders or
bul k storage systens. 10 Overall, by using the apparatus of the present
rnvention, the thermal cleaning process has the potential for converting a
hi gher percentage of the nolecular fluorine into fluorine radicals. This
is due to the fact that the thernal ener gy is present in the entire
reacti on chanber, rather than being concentrated to a "corona-Iike"

di scharge, and the entire flow of fluorine wuld be in contact with this
hi gh tenperature inert 15 gas. The inert gas itself, once the fluorine has

split into RHEiACRES CIKEMRBDIIRESe species separated allowi ng the radicals
to pass into the chanber in need of cleaning, w thout reconbination to

form nol ecul ar . fl uorine. Another advantage of the present invention is that

el enent al fHuorine i§.|§§8 0 gxgensive.thagﬁgther traditionalé used
oxi di zi ng cl'eahPIRgeH4eetermyiphachiy an qjdizingcleaning gas CPPRIsHg t %//g?%gm of
t he present ofnvention allows for the | ower cost fluorine generation to
provi de necessary reactants to clean chanbers with a considerable | ower
cost - of - owner shi [fa)f wactingeancyudipmgelcaningr gas 28d  prebhaied thebezageléorst ®od t hat

t he foregoing descrjpti j Ly illustrative. of the present invention.
Vari ous alternative% %ﬁ%ﬂﬁkﬁﬁgﬁéé-E8H%°&gﬁﬁyggﬁsbi d by those skilled in

the art without depgdskingGaidrearecubmikfyefdtid RactiohCchambemdihtreit b8d BhESENt
invention is intended to enbrace all such alternatives, nodifications and

variances. 11 WHATTMPR fadisplyresct withpnegr grase deppsitpeontdipedraithip satd i vati ng an
oxi di zi ng cl eani ng ﬁﬁ&kﬁﬂﬁﬂéﬁéiﬁgbhﬁgx§%£?;m of : (a) reacting an oxidizing
cl eani ng gas and a-preheate Inert gas to Torma
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 sipm.

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.



gaseous m xture having one or nore radicals; and 5 (b) passing sai d gaseous
m xture to a reaction chanber, wherein said one or nore radicals react
with one or nore deposits contained within said reaction chanber to forma
waste gas. 2. The process of claim1l, wherein said oxidizing cleaning gas
rs selected fromthe group consisting of. fluorine, chlorine, XeF2, ClFx,
BrFx, 02, 03, NF3, fluorocarbon gas, and any conbi nations thereof. 3. The
process of claim1, wherein said oxidizigg cleaning gas is flowed to .said
m xing chanber at a flow rate between about 1 slpmto about 20 slpm 4. The
process of claim1, wherein said inert gas is selected fromthe group
consisting of. argon, nitrogen, helium and any m xtures thereof. 5. The
process of claim1, wherein said inert gas is flowed to said m xing

chanmber at a flow rate between about | slpmto about 20 slpm 6. The
process of c3.allm groceshef eflaim 4 awtelenesaid waste gas ipathesttond stlectad frenpeeat ur e

bet ween about 250C t ss of claim1l1, wherein said
one or nore %85%%@??1358?§%F%2$édW%F3ﬁF ?ﬁgqgsoup consisting of: silicon
oxide, silicon nitride, polysilicon, tungsten silicide, titaniumnitride,
TaN, and any conbinations thereof. 12 8. The process of claim1, wherein
said waste ghsAisystem fpethermalmetivasionfan okidiing hleanlgg @amccummm| ng of:
Si F4, CF4, WF6, fganQQCEEEQGWchﬁ A dﬁ| Fe of her.nmal dactl ati.on of an
oxi di zi ng cl eani n%} gas cenprisrng B3R RGN HO e &Pabl e of
reacting an oxidi zi agd @b&ﬁeathmaswﬂ)rﬂ; DERBARUAR 1IrE BhVinfdfic bPmbRI M a
gaseous m xture haV|n one or nore radicals; and
icals; and
5 (b) areaction 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,, O;, 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.



5 (b) a reaction chanber for use in sem conductor processing which is in
gaseous communi cation with said m xi ng chanber, wherein said one or nore
radi cal's react with one or nore deposits contained within said reaction
:chanber to forma waste gas. 10. The systemof claim9, wherein said

oxi dizing cleaning gas is selected fromthe group consisting of: fluorine,
chlorine, XeF2, ClIFx, BrFx, 02, 03, NF3, fluorocarbon gas, and any

conbi nations thereof. 11. The systemof glaim9, wherein said oxidizing
cleaning gas isfed to said mxing chanber via a feed tube which has a

di anmeter from between about 1/4 inch to about 1 inch. 12. The system of
claim9, wherein said inert gas is selected fromthe group consisting of:

argon, nitragermheR@é S cRite 18[Whefei! daiEmhetrhaiE@Indudidie miteriaish aReRl claim
9, wherein saLd(ﬁreheated inert gas is fed to said m xing chanber via an

inert gas féé¥dedmetahaving a di aneter from between 1/2 inch to about 2
i nches. 14. The system of claim 13, wherein said inert gas feed tube
conprises a packed bed of thermally conductive material. 13 15. The

syst em of clisi Mht4ystwhefelaim93] @hedesr gaid fivelg divddwt vl ¥REREedlfronstha fi nely
divided netal. 16. The system of claim 15, wherein said finely divided
netal is selZEUPPnFisiong ehhaickgk Slaptelen stanlpssgtest, coppenedloy. spmiram oy,

stainl ess stggl &ﬁﬂﬂﬁﬁf&#HH @l um num all oy, and any conbi nations
thereof . 17. Tﬁgysystenfo c §?h113, wherein said inert gas feed tube

further conprises a heating neans.
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.



18. The systemof claim 17, wherein said heating neans surrounds said inert
feed tube. 19. The systemof claim 17, wherein said heating neans is

sel ected fromthe group consisting of: electrical resistance heaters,

+adi ant heater, gas fired conbustion heaters, and any conbi nations
thereof. 20. The systemof claim9, wherein said reaction chanber is
constructed from .an inert material. 21. The system of claim 20, wherein
said inert material is selected fromthe, group consisting of. nickel,
dense al um num oxi de, sapphire, alum numfluoride, calciumfluoride, and
any conbi nations thereof. 22. The systemof claim9, wherein said reaction
chanber conprises an outer tube and a liner inserted inside the outer
tube. 23. The syguemhekystioftlin 9\WBERINssRWdstE BacisiablagiltmeRelecte@ il Ses a
ni ckel outer tube and a sapphire liner. 14 24. The systemof claim?9,
wher ei n sai dhegreu copsisting oft SiF e 44, Wike. ToEb.c@ddF4.r om t he group consi sti ng
of . Si'F4, CF4, W6, TaF5, and Ti F4.



