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I NGidn theh@samiRyfié erfampad by ereating a péesned dlscharge within the
PECVD chamber. While capacitively and inductively coupled RF as well
as microwave remote sources have been developed for these sorts of
applications, the industry is rapidly moving toward transformer coupled
inductively coupled sources in which the plasma has a torroidal
configuration and acts as the secondary of the transformer. The use of
lower frequency RF power allows the use of magnetic cores which
enhance the inductive coupling with respect to capacitive coupling;
thereby allowing the more efficient transfer of energy to the plasma without
excessive ion bombardment which limits the lifetime of the remote plasma

source chamber interior.
The semiconductor industry has shifted away from mixtures of

fluorocarbons with oxygen for chamber cleaning, which initially were the
dominant gases used for in situ chamber cleaning for a number of

reasons. First, the emissions of global warming gases from such
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25  followed by the effective fluorination of Si atoms to form volatile products.

C.H. Oh et al. Surface and Coatings Technology 171 (2003) 267.

BRIEF SUMMARY OF THE INVENTION
The present invention relates to a method for removing surface

30 deposits, said method comprising: (a) activating in a remote chamber a
gas mixture comprising oxygen, fluorocarbon and a nitrogen source,
wherein the molar ratio of oxygen and fluorocarbon is at least 1:3, using
sufficient power for a sufficient time such that said gas mixture reaches a
neutral temperature of at least about 3,000 K to form an activated gas
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25 BRIEF DESCRIPTION OF THE DRAWING(S)
Figure 1. Schematic diagram of an apparatus useful for

carrying out the present process.
Figure 2. Plot of the effect of N, addition to 125 sccm Zyron®

8020 on (a) etching rate, (b) power consumption.
30 Figure 3. Plot of the effect of N2 addition to 250 sccm Zyron®

8020 on (a) etching rate, (b) power consumption.
Figure 4. Plot of the effect of N, addition to 250 sccm Zyron®

8020 on the COF, emission, measured by FTIR.
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g feapferiss A RESI I Rg! I B5d i BB slegpronic

engdegites! @umh process chamber could be a Chemical Vapor [%p’os%n
(CVD) chamber or a Plasma Enhanced Chemical Vapor Deposition
(PECVD) chamber.

The process of the present invention involves an activating step
using sufficient power to form an activated gas mixture. Activation may be
accomplished by any means allowing for the achievement of dissociation
of a large fraction of the feed gas, such as: RF energy, DC energy, laser
illumination and microwave energy. The neutral temperature of the
resulting plasma depends on the power and the residence time of the gas
mixture in the remote chamber. In this invention, it is found that addition of
nitrogen gas helps absorption of RF power. Under certain power input
and conditions, neutral temperature will be higher with longer residence
time. Here, preferred neutral temperature is over about 3,000 K. Under
appropriate conditions (considering power, gas composition, gas pressure
and gas residence time), neutral temperatures of at least about 6000K
may be achieved, for example, with octafluorocyclobutane.

s,.l o
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The gas mixture that is activated to form the activated gas may
further comprise carrier gases such as argon and helium.
30 A preferred embodiment of the present invention is a method
for removing surface deposits from the interior of a process chamber that
is used in fabricating electronic devices, said method comprising: (a)
activating in a remote chamber a gas mixture comprising oxygen,
perfluorocarbon compound and a nitrogen source, wherein the molar ratio
35 of oxygen and perfluorocarbon compound is at least 1:3, using sufficient
power for a sufficient time such that said gas mixture reaches a neutral
temperature of at least about 3,000 K to form an activated gas mixture;
and thereafter (b) contacting said activated gas mixture with the interior of
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43ture with the interior ofsaid deposition chanber
an

ther ey wWaRMEI¥6 f&JrﬂithbeaﬁmeS@nﬁaoéomtlmsuf thiscimvention,
deposits. It was found in this inventiqgn t ni trogen
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c ot iss b AT} PolyMeT HepBRtioh, EaPBE dvefiditig ethe
gggbkﬁelﬁigﬁéﬁtﬁ &f Eh/lsb Dluﬁm’mbn He sipmifimast palyswrideposiions on the

s shown bel o t
somtergm@rfatc@@f Pbam\g@émﬁgo%ﬁ‘ gLrb @qﬁ?ﬂ%‘?%&ﬁg 88 Enlissions
n)ggfé 880 vE Iof% gBi sﬂg\/\fn%%%ﬁré@s to inprove with a

amount ni trogen an sat ur at es when ni trogen
addi tion e}twmjmmertfmnd thab some(pretreatnaenteof intgrar syrface
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Fi gy ?as% tﬁ@‘%téﬂlnptrat’éasln%%%flémm tl’ﬂéibréitedtdmen*c",lsmdl’mved
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embodiment as described in Example 4, the pathway from the remote

chamber to the surface deposits was pretreated for 3 seconds by an

activated nitrogen and argon gas mixture. After the pretreatment, the

etching rate started at a high level.
Alternatively, the system can be used to alter surfaces placed

in the remote chamber by contact with the fluorine atoms and other

constituents coming from the source.
The following Examples are meant to illustrate the invention

and are not meant to be limiting.

EXAMPLES



experiments of this invention, no significant polymer
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| ow as shown in Figure 5. It was further found that

some pr et rEgl MeAbwela seHamatis disgrdracs thus rermeteppiabmaysource
fromthe renmote chanber to the surface deposits ,can

i ranceaprarats useshioripepsie. the eteng r?tﬁ\?eﬂlﬁgmﬂ ney

pretr [ [ ; t ' r
HEMERTE. el SHRL By Yo e oGt bR e 2

t heoragieroialtterbigaletype MK8 ASTRON®moIegietive: gap genggator unit

5 1 ripage Y MRSUns emghBeANGveh M, BER ok e gAY
g:cg‘)éf Al forbBarbdrs AREIYER $BUré8, Afgony Weed intrdduredrinttiie

gas m xture. After the pretreatnment, the etching
r ateenctbalasrda abuecerrgh theveft, and passegtthtasgh therfaroidal

" Gl e GRMaRar By wiste Blschargd bREE 4% RFEEaLbsfiefueney

ot BSle CR P tateadifateiTh a8 niixtore t The dxyger is Maaufactured by
fol low ng Exanples are neant to ill u,strate®té1820

10 i nisgas ith29:999% mbitty e hAtluPEPEREON 1 £YTRY
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15 ni blupsia0mswEtereooktioeat exchanger tooeduee thenthermad loading of

{ niha ShBraan RipGEFE SRR BRbr L6 saye6e AEPRE AR Rd VRl as
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m xture. e oxygen is manufactured by Airgas with
99 Thea%uinal tergperatwefis meastaed by Qriica) EsHFiPN troscopy
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201 S JAUINLHRhEBfktBINfined t gididHediralaemperatarey rSekealsd B. Bai
4.2? andpArgon S rr%ulf act ur?ed Ee raldemperaturegr 2 A

and H. Sawin, Journal of Vacuum Scier%/ce & Technology A 22 (5), 2014
(2004), herein incorporated as a reference. The etching rate of the surface
deposits by the activated gas is measured by interferometry equipment in
the process chamber. N gas is added at the entrance of the pump both

25  to dilute the products to a proper concentration for FTIR measurement and
to reduce the hang-up of products in the pump. FTIR was used to

measure the concentration of species in the pump exhaust.

Example 1
30 The feeding gas composed of Oz, Zyron® 8020 (C4Fs), Ar, No,

wherein O, flow rate is 1542 sccm, Ar flow rate is 2333 sccm, C4Fsg flow
rate is 125 sccm, N flow rate is 0, 200, 400, 600 sccm respectively.

Chamber pressure is 2 torr. The feeding gas was activated by 400 KHz
RF power to a neutral temperature of more than 5000 K. The activated
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Airgas with grade of 5.0. The activated gas then
passed through an al um num wat er - cool ed heat exchanger
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(2004), herein incorporatgég—%ﬁ-r ef erence. The

et ching rafi rRkdififgsd tonposee OS] Bylon@ 862G (T iRext AN N2,
gas is nmeasured by interferonetry equi %ggat in ?hg fl
pivdwein Ohfowaate 21 THssqom, AR Katerip 5C5Hk 468 TOW

t he, pu oth t ' . ogpist
conteae st % flok Fage 1 1€ 1807269 S0d, 208, BOGRSY0 soom

h &}ngékﬁiv@Ly. PCRSIMBES piassube isfdll toor. e Reeding gesdvavactivated
nmeasure the concentration speci.es i e p .
exyadRQ KHa®power typengud itmge?éu@oﬁ\%d"oﬁ%fc“"ated
Zyrongr (4K ' fSiowsudhee i s
15%> @'gérﬁ%qé%dftﬁé\ﬁ %%?sesptf, ga@%rSaﬁgﬁh@&%% fII %vvsv rate

| sdeptsits @@ntheBodinting with ¢he teroperadlre crmtrolled @t 2868ne- The

gié‘éaﬁé gg%%@‘ﬁ% &WE&%U&% ré‘? ﬁﬁgﬁi%gg)%g\ﬁgfe?{t,rthggl@ﬁ fg f' i ng
éﬁ@ﬁggﬁﬂtéﬁ% W tHEPHEmp R anSPRak moriored bz\ﬁﬂl Ragabksievn in

e process chanmber and etched the Siq
2skiglieesd. deposits on the nmounting with the tenperature
controlled at 200 C. The results are showed in Figure
2. Exanple 2 The feedi ng gas conposed of 2, Zyron(r)

8020 (C4AF8) , Ar, N2, whergkample 31 ow rate is 1750

seem Ar flowrate is 2000 seem C F8 flgw rat

seem N2 f[Tbow iniiakfeeding, gapeompgaed gg@?, Zﬂ@n&s@béos gg%%),

B GBS ChlE T pEEEA IRy P 0 sl O

nefibahtd RIBY §domi e The frbEdsschathieeapreissuredd 2jiesr. t Hes

S LaunSng opBLBIG: SiTAaROaRRIE iy WS IF M E AP g G Ihe

confrolibeda8ks 2PB,E, dBECO,, CoFs, CsFs, CFs, COF2, N2O, NF3 and
SiF,, were monitored by FTIR and shown in Figure 5. The plasma was
ignited at the time of 250 seconds by 400 KHz RF power and the neutral
temperature rose to about 5500 K. There were no N, addition at the
beginning and the etching rate was low (see Figure 6), the COF, emission
was high and the CO emission was low. At the 720 seconds, 100 sccm
N, was added to the feeding gas. As a result, etching rate jumped up,
COF, emission dropped and the CO, emission increased immediately. At
the 1280 seconds, N2 flow was stopped. The etching rate, COF; emission
and CO, emission all slowly recovered to the previous level. 200 sccm of
N, flow was added starting at the 2100 seconds and was stopped at the
2780 seconds. The same type of changes repeated. At the 3100
seconds, the C4Fs flow was stopped for 5 seconds. After a dip of etching
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results are showed in Figure 3, In this experinent,

the COF2 concentration in the punp exhaust was
wounistosss by FTIR and shown in Figure 4. ExanpCe/u32008010693

initial feeding gas conposed of 2, Zyron(r) 8020

g Qf’a"fél ) COWan%%@msmnﬂhe\syﬁ&m resoveréd andeontinued the

ow rate Ls see CAE8 _fl ow t S
Thtgawlae@s; herpawigs bae gffiat the BBPF setpieob T Adoure S,
W &!"Fn@ éf;t%%echgﬁﬂ?i%%d&tud?ﬂof 300188crf @?Nﬁ%élﬂd iférea8d the

en1s I On gases of
CFétch@@:%temme medawelssnhemiqumﬁ a8 s@cnbpf Nﬂdrd

E@a%:%\égggwgékg)ﬁrggvag&th%gﬁ\e}%‘?ﬁﬁg rﬁx Iﬁgqﬂl:){ oaed%ﬁgésédqgfter the

”eﬁFs“t Ao tRiBRSthétel of tHeos@rfdde @é;mgitsslﬁé}@ dfchddawayyprobabl
no N2 addition at the begl nni g and t he et chi ngy)rl\gte y

wadue dovthie eharye of thegpughh Hissi on was hi gh and
the CO2 em ssion was |ow. At the 720 seconds, 100 seem
N2 was added to the feedi ng gas. As a result, etching
rate junped up, COF2 em ssEram@leopped and the coz

em ssion increased i medi at&ll#/ At t

10 2 flow ves The RigYEdIMeRaas THtHE Was SomEeasd 100 Shem of
| ol é%zg@a)@ stan 'A*\Q?llf\{?% )écfn‘?ét@ e4-bd RHZ T BoRér @na the

seem o oW was a d starting at the
21 pRugrattemiseratutewess abanmﬁﬂﬂ)Odt( Sterting &0 the d 06 ¢econyigand

;
* heoniibBng Ton S azeostb spegt Chesled dosiield Vet B e
of r&fohd gﬂéfﬁ &r to (e ﬁr%@égg:gﬁamﬁgf @&he Sid)§ sﬁbféé@ﬁéposﬁs on

recovere conti nued the transition.
15t urthemmfrftmgtwutmmeammoareweagntrgueﬂmﬂ@Q.r@ 3’ hentth

TR e e e e

adqjd et did |ila00rﬁée@€aﬁh g\asthiktursavey activatéd vest00 KHz RF
observed that the etchi ng rate sli ghtI%Qéjecr ased

af trawarrand thesheuta tempe@iecaras ALPHEIRQN Ka & RI96E5S s

AP L UG, Tl 5088 kBt o

20m %t wge Ic@&gﬂmfse@’ ©]d Tih@QenaBemnogasNE a2 F2pC0, QQ;mCzFe,
CiFg, CF4, C%)FE;? N'zdah% and S|89 w}g;g m%Fnlt%r\el\g By?:nlqR and shown
in Figure 7a. After the pretreatment, the etching rate started at a high
level, as shown in Figure 7b, and the COF; emission was low. With
cleaning gas mixture containing N2, the system was keptin a high etching

25 rate state. At the time of about 500 seconds, N, was removed from the
cleaning gas mixture, causing the etching rate to drop slowly and the
COF, emission to increase slowly. At the time of 1850 seconds, 100 sccm
N, was added back to the cleaning gas mixture. As a result, etching rate
jumped up, COF; emission dropped and the CO, emission increased

30 immediately. The power was turned off at the 3160 seconds.



neutral tenperature was about 2000 K Starting at the
100 seconds and continuing for 3 seconds, the

waaebiswaeassl gas passed through fromthe renote ebamserns010693

10

15

20

25

to the process chanber with the Si O surface deposits
on the nmounting with the tenperature controlled at 100
C. Then the gas m xture conposi of 1750 seem Q2 and
250 seem Zyron(r) 8020 ( e added in. The

cl eani was activated by 400 KHz RF power
and thg\glrh&?fsrg?ﬁ]%ﬁn%erature was about 5500 K. The

pr pc @smettivmios repogimusefasesieposis rsaid ineethod eoMmyising: h

The en o5 Gl apiiatng in ot Eartag & Sap hixflse KBMeitsing
&ge{ﬂﬁ@go%c%r@éﬁancﬂ %41&‘:‘6?&1 §BINcEOWRErdlM tid hidlandtio of

Igure /a. Afte kéJretreatment t he
et oxjgen ard Bustoaathmn istat deaaté |using suffisiesheawer for a

g&hﬂﬁg 2g Ciﬂﬁﬁg()%:lﬁ rﬁi?’(h.gg I\é@éh%égﬁ’ Sr"ly\l/J\frjahtempere\ture of

keﬁf kBt éb&ht%‘O@O Khioferrhaincactivatetl gds ntixtard;iamel thereafter
about” 500 seconds, N2 was renoved fromthe cleani

gas mhxt ur &) ceniacting said astivaied @asanixtyre Wit fhess
COE
of Sgpat< g HEEEY iNokfl AR Faid shiaboRehos®s.

cI eani ng gas mxture. As a result, etching rate junped
em ssion dropped and the '

m ssi on
i n@r eﬂﬁmqth%@f glaimyl Wherein,33idrs tC&pﬁggS 5t Ferapved,from
3 16Qysqcapds o%@e&f@gg bnﬂb%r%é’t' iSedeH $n fabrichtifgt hod
for removing sur eposits, said nmethod conprising:
(a) aélécwambl@vwesa renote chanber a gas mixture
conpri sing oxygen, fluorocarbon and a nitrogen source,
wherein the nolar ratio of oxygen and fl uorocarbon is

at 4 epsL H‘]‘etﬁod‘dﬁb sthivhifdig Bhidnsovesr ik generatetifbycareRE

time suc at sa gas m xture reaches a neutral
t enpesaurcepa &IC abutceaata alieyowageouree.t o f orm an
activated gas mxture; and thereafter (b) contacting
said activated gas m xture with the surface deposits

angy tfge ‘?\Qé‘thbﬁrﬂi"éléiﬂ\ flvheRsiA sakbnirogén Saurtesisriitiogen gas,
deposits. 2. The nethod of claim 1 wherein said

surfaNEsd@myoggnl%ld%Dved fromthe interior of a
deposition chanber that is used in fabricating

5. The method of claim 1 wherein said fluorocarbon is a perfluorocarbon

compound.

6. The method of claim 5 wherein said perfluorocarbon compound is
selected from the group consisting of tetrafluoromethane,
hexafluoroethane, octafluoropropane, octafiuorocyclobutane, carbonyl

fluoride, perfluorotetrahydrofuran.

30

7. The method of claim 1 wherein said gas mixture further comprises a

carrier gas.
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el ectronic devices. 3. The nethod of claim1l1 wherein

said power is generated by an RF source, a DC source
wOonRo@/vass owave source. 4. The method of cl ai nPAT/US2005/010693

wherein said nitrogen source is nitrogen gas, NF3, or

ni & I qyRMMEFodeSH cl&im T eharsinheid chrrisr gas id attemse one grisd

fluorocarbon is a perfluorocarbon congfund. 6

met heelasted framihe gieEp&f gasas gopesing,

%mp ﬁgl(laum.

conmpound i s selected fromthe group consisting of

tetrafl uoronet hane, hexafl uoroet hane, )
ocp afitHeometivatpaihelainnd| whereim they plessutainetheoemsda ghamber is
fluoride, perf] uorot %gé@tf_ drofuran. 7. The method of

5 ¢l ai reetw@pr O hTegian

xture further conprises a

carrier gas.d. The nei hocfof clain? wherein said
carrier gas is at |east one gas selected fromthe
gr 60pThe megtses ot dain dt Whgrein the guacedepesit isngelectegiiom a

method of claiml1, .wherein t : [ e

chantapop sopsiebdior SRt dhrtCsif st SlisBn' b Rr R

met hagih Sibgide! diicyh exphittideh silison tarside epdsiarious silicon

selected froma group consisting of siljicon, doped
10'si | i caxygesidonaeeunsds: refereed taagiovelk matarialon di oxi de,

silicon oxynitride, silicon carbide and vari ous

silicon oxygen conpounds referred to as | ow K

nmayarie methdd thelaimthethevéinthainmolar raticenfedxygeheantol ar

rati o of oxxgen and fluorocarban, is tPtﬁéﬁt from

T

about fluorecar

oays @t least from about Jd ¢8R0

enovi ng

surface deposits, said surface deposits is selected
froma group consists of silicon, doped silicon,
15t un@shanethedlfor mmaving isdefacs deposits, saidbsdidacedenesiisdss

silicon oxygen conpounds referred to, as |
mat er $RIPStEASER @ ol ?Pé?'ﬁ n(dﬁegcﬁqwg} fungsten,,
r enot gichREREdR SIRDNTEaKbIHE BneaERIoUS ISTEoPXag@RN compounds

fluorocarbon and a nitrogen source, wherein the nolar
r at i oraférredyges lawdK Malerals.agaid matBodcompaisingi: 3: and

thereaf t er L@F )ggﬁ\%]ttm%citni DLt §s HiRtulg ¥bipfising

with the s

20

25

30

oxygen, fluorocarbon and a nitrogen source, wherein the molar ratio of
oxygen and fluorocarbon is at least 1:3; and thereafter
(b) contacting said activated gas mixture with the surface

deposits and thereby removing at least some of said surface deposits.

i

13.The method of claim 12 wherein said surface deposits is removed from
the interior of a deposition chamber that is used in fabricating

electronic devices.

14.The method of claim 12 wherein said nitrogen source is nitrogen gas,

NF3, or nitrogen oxides.

15. The method of claim 12 wherein said fluorocarbon is a perfluorocarbon

compound.
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deposits and thereby renoving at |east sone of said

surface deposits. 13. The nethod of claim 12 wherein
wead/mous3gace deposits is renoved fromthe intecTmsS2m5/010693

a deposition chanber that is used in fabricating

el 18 W IHBIRE Y iréovingsurltice deptdsilsl, sHid chethod tRnwhising: n

said nitrogen source is nitrogen NE3, or nitro

oxi des. (a1 SCtvafiG e ERmele AR BPRiEBNENL gag mxidre
fluor OC?(SrﬂBHsihé rﬁtr(gé‘ér‘f g?‘ﬁ[;g’c%qa)%régp@ound. "6 LA

met hod for rendving surface deposits, said nethod
conpr i s{b)gontatingczids aclivaged prafreatment gas aniskire avith at least

pretreatnment gas, [ xture conprisi ni.t en rc

5 and t het BRI O IeTIonHTRES o ativay fiePLHiR remote chamber
pretr eajgpBis HRelepodits W th at |east a portion of
interior surface of a pathway fromthe renote chanber

to yBeaciivating e depamnéte chaeberc tleaninggyasnmixierer esroprising

{1 wor oLsTashann APErdi3Fndh fbishn SRS, il BrAFReRRRd
fl uor ocar bon i fluatocadzon islatieastidd;tang m@@i%er( d)

10 Passi ng(PPadsany salidaetvatedararingasas mixture ¢hiougbsgid
said pathway; (e) contacting said activated cl eani ng

gas mi xpathwvaM;t h t he surf ace deposits and thereby
removi ngoyaly &g SATRchlateddbatind 868 nHRRAE With the surface

deposits and thereby removing at least some of said surface

deposits.
15
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