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met hods for renoving iL&ECO UtfoRy using an
activated gas created [Tvating a gas
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ﬁ{e) iastor \ﬁh?@hb@'” matesials thatioceursiwity in site chambes cleans in

p' S e HIE ABARRENfor LAty eraafiff ARELAANGAGe within the

stry has's rom m Xt ures
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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(a) activating In renote c
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followed by the effective fluorination of Si atoms to form volatile products.

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

BRIEF SUMMARY OF T HE INVENTION

The present invention relates to a method for removing surface

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 3,00 0 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 N, 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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8020 on (a) etching rate, (b) power consunption.
Figure 3. Plot of the effect of N2 addition to 250
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silicon, siDETAILEDIDESCRIPTION (GHTHESINWENTIONXI de,
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D?CVB? cﬂ}émber or a Plasma Enhanced Chemical Vapor Deposition
(PECVD) chamber.

The process of the present invention invol ves an activating step
using sufficient power to form an activated gas mixture. Activation may be
accomplished by any means allowing for the achieve ment 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 comp osition, gas pressure
and gas residence time), neutral temperatures of at least about 6000K
may be achieved, for example, with octafluorocyclobuitane.
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The gas mixture that is activated to form the activated gas may
further comprise carrier gases such as argon and helitam.

A preferred embodiment of the present inveention is a method
for removing surface deposits from the interior of a pro cess chamber that
is used in fabricating electronic devices, said method comprising: (a)
activating in a remote chamber a gas mixture comprisimg oxygen,
perfluorocarbon compound and a nitrogen source, wherein the molar ratio
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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referred to as a gas which can generate atomc
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t hSmbodlment as described in Example 4, the pathway from the remote

25 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

30 constituents coming from the source.

The following Examples are meant to illustrate the invention

and are not meant to be limiting.
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ERamifacipregd by Dykens withgainénem 29.8ivel /aef of the renote
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99.999% purity. The fluorocarbon'is Zyron(r
méRESAcihwhigh bswllmm@nal tmnsition hanndsm@@nagom@l spEciss like C,

N RN T

4 afdahdSawiaodoumanaivaanind Sieride & 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 Oy, Zyron® 8020 (C4Fs), Ar, Na,

wherein O, flow rate is 1542 sccm, Ar flow rate is 2333 sccm, C4F5 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
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COGERLAEhohETbRSTERE PRt 54 B

10rrea§,U4@ Khig RP poeeirteti rutiel tsifgsiatsrel df 5506 H?Ufrﬁe activated
exhaust. Exanple 1 The feedi ng gas conposed of

Zy r9ﬂ$(th§9n gotered theprocesachargbengist eichedihe Sive slm‘@ce s

LG
o epR Rl ey AR b BRI RO SAIFC. The
r espeults amel s,hov@dadm;légz% ﬁimtms egpériment, thd h)E)eredi ng
t t r to a_peutra
errobRRn GRS e ashaieovae MPREOrSk 1yl Bgad shaw n
15entmy§e@ 4 he process chanber and etched the Siq 2

surface deposits on the mounting with the tenperature
controlled at 200 C. The results are showed in Figure

2. Exanple 2 The feeding g co sed of @2, Zyron(r)
8020 (CAF8) , Ar, N2, V\herMI owrate is 1750

seem Ar fITH nitle foeding98s £0 g4t dJ oprd
seem N2 flowrate |s"2§;)9 R ﬁ’%ﬁos 300, & Orﬁégogééégﬂs)

sedth Wheria Qaflaw rateriatisee spsa@sé\un‘levw rgtala 2000 sciine, C.Fs

20, c R kP B89 Soflf, P Elet¥e hamBelplSel 2 b Ten
entreo@rdirighwitiy SIO£ sarfatedbpssitensh Binekesbrithfle&i#P200°C. The

surface deposits on the rmuntl ng wwth the tenperature
cofiPigpicR Pages /& 4Es, Ge CO2, CaFe, CaFs, CF4, COF2, N20O, NF3 and

SiF4 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
25 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
N2 was added to the feeding gas. As a result, etching rate jumped up,
COF2 emission dropped and the CO, emission increased immediately. At
30 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
N2 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 C4F3 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
worensoeeetl by FTIR and shown in Figure 4. ExanpUBUS20051€10693
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f | dvansitian.i The PoWes aas) tuthdBoff bbthier 3660 sf%cﬁﬁ& Sﬁit@m Figure 5,
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gFf:EBI?:OQ%feSfootﬂe%ﬁ?é le&%sgéf{% addtiorof 1 O%Emeéﬁ%sﬂd.

2, N2O NF3 a were nonitore
5an dHewever, itwas gloserved tMaidhe ketahing rats slighily ddcraaset after the

f 250 d 400 KHz RE, power d the
e Trbie B a8 MRt JERBRIEuBE rithedmx,arabably
no diie Raifietdnangatoftihe ré\fgHneas RE tiint.he etching rate
was | ow (see Figure 6), the COF2 em ssion was high and

the CO2 emi ssion was low. At the 720 seconds, 100 seem

N2 was added to the feedin . Asaresult, et chi ng
rate junped up, COF2 eni ss%ﬁped and the CO2

10eni ssi on i nth@ﬁﬁdtbatmdgaé ﬂilMuré~Wa%fdb dS@MU[ﬁ&;cm of
N2 fl ow was stopped. The etching nm ssi on

andNzcepd 2ABQ $oem GHAY. o w;acmé@tsd&ye%m ISHszFmomr@m the
' ev utra@@&aé@%@ fw&@apbﬁ ?ﬁgﬁllggjﬂrtﬁé r‘]@ogecibﬁlﬁs and

secon was S secon
S arm)rltmpmgdbr 8rsmugRds, rtbpwleated/gast m&aﬁﬁra@m@iﬁ the

t he CAE8 st opped se¢conds. After

of TEMANS ROPADET (tePIaReSeehheE St ine Sie: syagmpeposits on
r

ST B RIS T

be rewpﬁetcmmmomg ohé73@idcerndr arid 250 ssemrzwbnmsmma)
rate to I e sane

;33&?6 A defing o' e ARahRNgAs It Fed R aptated B 408 Hz RF
obspiwesrthridiie Adifrat teripaetiitvas hbeit 50RC rBRSSScess

after the first two mcroneter of the surface deposits
werchagikarddessie was 3ians! yheueoynfindhwitk i@y sudace deposits on

20, 4B pbIGTBL 04T, RS DR A RSB L g
of @yFs, CF,@OFacNL@aNFEd aby SIPOWEHE nidniteryeby FTIREM 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 N, the system was kept in a high etching

25 rate state. Atthe 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
N2 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

wa@ewswetessl gas passed through fromthe renote PCEHDR®NS/010693

to the process chanber with the Si Q2 surface deposits
on the nmounting with the tenperature controlled at 100
C. Then the gas mxture corglosivi{@)of 1750 seem 2 and
250 see%%gon(r 020 (CAF8) were added in. The

cl eani ng IS glg ISwas activated by 400 KHz RF power

andy t RemBYd Bl rérﬁﬁﬂﬁg Auage ﬁoéﬁé’@a@ﬁ%h& Fa_rlﬁgrisinlgh

process cC rrber pressure was e nmoun

5Si 2 surfac@ )aebmilnggnmrermote/a:handcrdrra)gdasmlﬁUrew@'nﬁnsmg

SRR ORB e Rte ah Ao RirigRAa TG e T hemaled rat of

shayygeR dridIcRodabonid 8f Ieb§€1 B ﬁ&fn?aédff?élélp]t dﬁJWer for a

etching rate started at a high level, as s
F| quiffécient tirag gueh éhaterid gas puxtore veachiesva natitrdl temperature of

e it 140t 220 T o PP Bcheet o TindiE) S fiteatter

10about 500 s(@gc@ad&ctuhgsmlsadmawgaé rrmamwwnﬁltﬁé%urrace

gas, m xture, causing the etching rate to dr

andlepesiteand t@ﬂﬁels’y.r@ﬁloo/mg #deasissorae ofsgid wrPacaeiapuoﬁés

of 1850 seconds, 100 seem N2 was added back to the

cl eani ng gas mxture. As a result, etching rate junped
up,2.CThE lmthsdiwnlmopwhdr@mdamrﬁaé e SEits 48 removed from
i ncregsed |rrrre?|a power was turned off at the

3160 Biyor &f A "“W? %ﬁnab% thatisdiseg infabricatigghod

15f or 1 grRYbAR dalidsace deposits, said nmethod conprising:

(a) activating in a renote chanber a gas mxture
conprising oxygen fl uorocarbon and a nitrogen source,

e r.ratio,of .oxygen and, fluoroc rbon

B M08 R el Al FrBleid SRR e geTRrSaR YA RE
tl me §®h§|’@et5@30§@uﬁ;e§iﬂ5a fictbWagesp@fdes a neutral
tenperature of at least about 3,000 Kto form an

activated gas mxture; and thereafter (b) contacting

2020 REpaithd SR PRl 5o, iBaRH SalfR i R gas.

25

30

deposNFs; oinitrd§éen Brideed of claim 1 wherein said
surface deposits is renoved 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, octafluorocyclobutane, carbonyl
fluoride, perfluorotetrahydrofuran.

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 claim1 wherein
said power is generated by an RF source, a DC source

WQ@R008/096G68% owave source. 4. The nethod of cl ai nPAT/US2005/010693

i o o D Mol or Bl BRGISHS saft el BER 19 Aert dhe e
f 1 uor eelectEaifrom thepgolp bbyassy bersistngsiargon Gnd Higium.

nmet hod of claim5 wherein said perfluorocarbon
conmpound i s selected fromthe group consisting of

tetg a&h@%&'ﬁ%ﬁ%%lm@%%ﬂgﬁ%@% Cé]@%?l{l'e in the rerBoteyﬁ:hamber is

oct af ' uor opr opane, oct'a ane, carbon

5f | uor bdwyeqre®f01uboroart 28hkeir.of uran. 7. The met hod of

claim1l wherein said gas m xture further conprises a
carrier gas.8. The nethod of claim7 wherein said

carfo, ThedAstholl Hloidifies wikiBiofe SfRE! Rbosi ¥sbRRted from a
group of gases consisting of argon an I'1'um

met hograyfp eorsisting ofsilinosi, dopéa sficesssilieon nitlides turgsier,
chanber. is between.0.01 Torr and 20 r. 1p0. The ..

et hodlige! SRRIoR g dpunfide e carBidgantyariql siicon

10sel ecbrygd 86MPpoln@s PsfEABE it bENGW K niditérizlen, doped

silicon, silicon nitride, tungsten, silicon dioxide,
silicon oxynitride, silicon carbide and vari ous

ut U e B0 FRA T nesBintierifiol? . bE¥YSenand oy
rat i oflobrozayssmisadtdeddt firon®aboboR: 1ite adout 2t from

about 2:1 to about 20:1 . 12. A nethod for renoving
surface deposits, said surface deposits is selected

1] TP MR R g By Bt

si | i cealeoteryieomc grpnetnsists ef siidon adaped silicdg, tungsten,
rmterl sal. t hod conpri S| activating in a
S S R %%%@ﬁn mpotinds

f1 uor pgraraano AdoR K idtOas, ssawh@aho%e rRiridie_nol ar
rati o of ox%/agen and fluorocarbon is at ast 1:3; and

t hereafter Bctvatingcini antpractechambera gals gusture gompasing

20Wi t&ytggﬁ, fcfffcgrfoggf’abon and a nitrogen source, wherein the molar ratio of

25

30

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.
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

W@ 2004/09068% ace deposits is renoved fromthe i ntRCT/082005/010693

5

10

15

o1 P ATHPLRR 6P REIRBUnG Vaktals depRSts. Jel it b fpusing,
sai d ni t(apgetivatingrin@ resndtetchagther gasetrdafinetr gas mbagRN

oxi des. 15. The nethod of claim 12 wherein said
f 1 uor oc HHSIRY RILAYEN SRUreR Ansiheteafisbund. 16. A net hod

for re . _ _ . . : o T
(27 oL BB SRS RSO AR LRy Mo
m xt ur e apagionsofrigteriot swidace sfoa pathwagnitomithe eafiots chawnber
contacti nglasal % act,i vat ?o_l pretreatnment gas m xture

with at PEBREUTAGRABPBHISf interior surface of a

Gepoly peivelld e ERIcR EMAPBRE o haico HS Arg comprising
cl eani ntgxy@a@ andkiuorecarboprwisénein theyyelar aatib of oxygen and
fl1uorocarbon wheiehshBR idB Rbst £t Andhndreugep and
Ip e e A N

sai d patguteway(€e) contacting said activated cleaning

gas m xture wth the surface deposits and ther_eb%/
r enovi ndeheonigging saiveadivatad eleaning fos aposiwig) the surface

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