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H GH_RATE_ETCHI NG USI NG H GH PRESSURE F2 PLASVA W TH
ARGON DI LUTI ON "BACKGROUND OF THE | NVENTI ON [ 0001]
Sem con lm ts are generally produced by batch
processi @ mm IME use gases to deposit or
sel ectively.gtch sem conductor |ayers on substrates
VVI thin_in a vacuum chanber. Mst of the chem cal
products and unused reagents fromthese deposition
and etch lwm“lwmmw e exhaust &d from the chamber by a
vacuum p sone residue unavoi dably
deposits and*aomnul ates on the interior walls of the
vacuum chanber. To ensure Nhi h device yield and
quallGH/RA{TIEE T eHiigd Sk Hie &&EW%&WM@M@WHHMGON
the chamber. Usually the HSs) @ N S removed using gas
m xtures containing a fl uorl ne-cont ai ni ng cl eani ng

gas, the cleaning gas usually being diluted with argon
or hel i um [0002 One known net hod of cleaning a

v FALR OAHEBRENTI@Nt 0 utilize renote plasma

source (RPS) technol ogy operating with NF3 plasm. A
standard RPS apparatus and nethod are shown in Fig. -

1,[00d18 rSRirficchdiit tenpdudis dreaftdeill YyRducedsbakbh ploREssing steps that
shown), enters an RPS 20, (such as an MKS | nstrunents
Ast r ei§(gayes tg depasit qrﬁakeem\sréssetlcbwmucemcbwwﬁ@rem@n pibaatgs within

tec h{1ol OWuhonek, Er9!l\%8%tlo¥the S %5%%3%2 p}%h et U ?e% Tgagents

gas to produ Uce arsm ¢ r1%or atomc Ttlu

30 | fointBERRIRpSAEoN il dtEtepOREIdEENArE eﬂmgtred%nv\her&iamber by a
chemcally reacts with the unwant ed residue on the

| nt evacaummrms dewevas, wammﬁlﬁ@mmﬂyeldabld d‘epﬁmwﬂawureulates on
unds .50 tl? are re v m t he ch

C PePR RSy IS S lTeE el TG 537 B0e sl and

st r egialifP) thd RGA3E mkeEpe p@ioﬂ%anp CerAdARA RNy ﬂue&ﬂ‘ﬁ%ef NUsually the
Fig. 1, the plasmas can be initially ignited wth

pur er%tdggms AW VEh usinSEas Iinsxt@msj eentiiping of flupmineznegtaifing pleaning
1-10 sl pm ,The g?aressgiz) d‘rglt t al.ned cong ant and
the BFellyideng g hairly bging diuted with argpn pr Boh

[0002] One known method of cleaning a vacuum deposition chamber is to utilize
remote plasma source (RPS) technology operating with NF3 plasma. A standard
RPS apparatus and method are shown in Fig. 1, wherein a flow of NF3 and diluent
gas 10, (Ar shown), enters an RPS 20, (such as an MKS Instruments Astron®
series that uses low-field-toroidal plasma technology to efficiently dissociate the
NF3 input gas to produce atomic fluorine). The atomic fluorine 30 is transported
to the vacuum chamber 40 where it chemically reacts with the unwanted residue
on the interior walls of the vacuum chamber to form volatile compounds 50 that
are removed from the chamber via the vacuum system, comprising a pump 60 and

exhaust stream 70.

[0003] When using the apparatus shown in Fig. 1, the plasmas can be initially ignited
with pure argon and then NF3 is added in a flow range from 1-10 slpm. The

pressure is maintained constant, and the cleaning is conducted at a constant flow



o

2 condition involving the NF3 flow plus various

| evel s of Argon. Normally the argon flowrate is |ess
than the NF3 flow rate. [0004] One di sadvant age of
using NF3 is that NF3 plasma can not be ignited above
approximately 20 Torr, in a typical 10-kilowatt RPS
system In commercial applications using NF3, the RPS
systemis normally operated at,less than 5 Torr, and
usually in the range of 0.5 to 3 Torr, although it has
been suggested in the literature that up to 10 Torr

pr essudidomayobang sedVFrflew eflwr eriouns tevels of dggdrorNemmally the
conmer ci al _operati ons de i bed above are limted to
rel ai’tr$‘17‘e'i??”lr"g9v‘s1a18§fe‘$§n &‘ﬁﬁ\\?/\ﬁ OWB%e'descri bed in nore
detail below. [0005] Further, NF3 is costly.

Therefore, particularly in I arge deposition systens
s (194] Qe disedeantagsdffusing MTOnmihea NP plesoracessineboignitpdabove

* Concimprinreh TR Rl eP a0 BT R B hmercia

contgph e Rnd usitily WH3 HedHS BsRBPTstotRall Popdied @SlkssGhan 5 Torr,
the final devicé. [0006] There remains a need in the

art dndrusiathyriovkensmgs of G5ttt d Toime ithafgh PE@Vbeer buggptied in the

cl eani ng. SUVNVARY THE | NVENTI.ON [ 0007 he presen

i Shieragiie FEDUP dbL0 TOR ARSI CUmGE b ARTRIPS BEGRET fyr the
depogintrh&Bial 6%‘&9{‘?&{5 deb&Ri A8oved 20 Bflited & rdMtREMow levels as will
invention further provides a nmethod of using F2 under

hi ghbe qesestsadrie nzord detailbhlowor esence of a dil uting gas

to perform deposition chanber cleaning. [0009] The

present invention also provides a nethod for using F2

\?\EQ(Z{S] SR PRNESSHESstlyt ThERES eI pRrdidaTy iﬁﬂ&g@ﬁ@éﬂsg%n%&stems such

thinning procedures at a high étch rate.
BRI Efs tDESGREPTIrQU00E Walfer pRAYISNG@ST flat panel display manufacturing,

that require a high consumption of NF3, the cleaning process may contribute a

significant proportion to the cost of the final device.

[0006] There remains a need in the art for improvements in the field of PECVD

chamber cleaning.
SUMMARY OF THE INVENTION

[0007] The present invention provides for the use of F2 in the process of deposition

chamber cleaning.

[0008] The present invention further provides a method of using F2 under high
pressure and in the presence of a diluting gas to perform deposition chamber

cleaning.

[0009] The present invention also provides a method for using F2 under high pressure

to perform substrate etching or wafer thinning procedures at a high etch rate.



[0010] Fig. 1 is a schematic representation of a RFP
cl eani ng process and apparatus known in the prior
art. [0012] Fig. 2 is a schematic showing a flow
schenme and sequence for renote plasma clean of a
deposi ti on chanmber in accordance with the present
invention. [0013] Fig. 3 is a schematic showing a fl ow
schenme and sequence for in-situ plasma clean of a
deposi ti on chanber in accorddnce with the pr esent
invention. [0014] Fig. 4 is a schematic showng a flow
schenme and sequence for high rate wafer etching in
r i e inyention. DETAI LED
R BN DT ERAES015) “The pr esent
i nvention provides for the use of F2 in the process of
deposition chanber cleaning which is especially
@(ﬂlf()éd"tg Vleis |afscbﬁpaatax representi@ronnfgRIP elssning pravessdiridi appsratus
fromelectrol ytic generators (such as BOC Edwards
Ge Y 10 eP“°§@¥|es) is alowcost alternative to
NF3, especially for use in deposition chanber
cl eaning applications. In accordance with the present
[O@ME} ig.éhis a\sehgnatiogdhowﬁxtgn flowtsebermamdbeeqacwefpt featvtelplasma
usi ng F2 under 8 gress gddltlon t he
oY SRR SinostioB har Bt b ar Ay DL ST ERAE. | o
dlluted with a high anobunt of argon, even higher etch
rates can be achieved. The results of sone tests
[QQB& Fdg.rigis atsohd:m&tithewmg a flowenhéroe amd eqatrmerfor in-stalbjlesma
ggd T ble 2 belg [0016] In ac ordance with the
pr €€TheT 3 IRAAROB/S arp?@fWééC%ﬂf %sé*fl £ RERSCTEANYEH4I0R.
much w der operating wi ndow than NF3 in a typical RPS
system For exanple, an MKS Astronex RPS has a
[8Qiel] iFig.etislai sch¢matfc showeng alflaw sohernBandNeqilience fbi iniigh rats wafer
reached. when u5|n hE3 at 6.slmand 17.5 Torr. In
coffeREgin 2¢rprdpace ¥ tlhi © P (VHORas  not reached
even operating at 18 simand 100 Torr. In etch rate
tests where stoichionetrically equivalent flow rates,
BETAIIED DESCRIPHIE@NF EHEANVENTEIN di | uent were used,
there was no statistically significant difference in
the etch rates

[0015] The present invention provides for the use of F2 in the process of deposition
chamber cleaning which is especially effective if operated under high pressure
conditions. F2 from electrolytic generators (sﬁch as BOC Edwards Generation-F
series) is a low-cost alternative to NF3, especially for use in deposition chamber
cleaning applications. In accordance with the present invention, very high etch
rates can be accomplished by using F2 under high pressure. In addition, the
present invention discovered that by using F2 that is diluted with a high amount of
argon, even higher etch rates can be achieved. The results of some tests according

to the present invention are shown in Table 1 and Table 2 below.



when using NF3 or F2. This is shown fromthe
experinmental data set forth in Table | below Table 1

- Etch Rate Conparison Etch Rate (nnfs) Paraneters

Mean Std Deviation N 3 sImF2, 1.8 Ton 8.33 1.079 8

2 sImNF3, 1.8 Torr 9.03 1.030 7 3 sImF2, 3 Ton

10.55 1.176 8 2 sImNF3, 3 Torr 12.06 5.290 8 - 3 sIlm
F2, 10 Torr 24.68 1.857 8 sl m NF3, 10 Ton 27.70
4.180 8 [0017] The present Tnvention found that when
chanber pressures were raised, the etch rate for both
[00t9] EnercnrBnegawith thghmesenbinventien, étveds distoeeredthd F2\@as a much

ignifi t higher t f NF n particul ar, when
R e S Tian SPLin £ beirebRPSBuTem. o frpraele Mgk
ODFRNL AP SUAS b 8BSi fi Y i TP ofr &'xtawpc{fe%wsnﬂﬁnﬁlﬂ is reached
about 170 Ton, it is possible to achieve etch rates

ovhemprsergt e atXbfinmanldsiéics ThA0 Itortrasgbigluking 2, thielimit was
ef fect, of usi ngaFZ at_different argon dilution was
T

(05 a0 TvenaBCTatBR Al & HEangyl 00 rie dlBieih reircicst gv@gre
Lgher. are. . | cordance
SRS (8o i PhED 1A B2 LRSS Prokbre S REOICAS
shiwentofert nged, ehepewasrae satisticatiybighificant difbtecir thEb&H rates
te Using F2 At Different Argon Dilutions F2 Flow
(F@re&dﬂ)ms&rﬁlﬁ B2 sThs)s Sesmpleem theewgrimentpbdstp settforth in
Habe (pahsec) 3 2 10 22.21 3 4 20 28.90 3 6 5 15.98

Table 1 — Etch Rate Comparison

Etch Rate (nm/s)
Parameters Mean Std Deviation N
3simF2, 1.8 Torr 8.33 1.079 8
2 slm NF3, 1.8 Torr 9.03 1.030 7
3 sim F2, 3 Torr 10.55 1.176 8
2 slm NF3, 3 Torr 12.06 5.290 8
3 slm F2, 10 Torr 24.68 1.857 8
.| 2 slm NF3, 10 Torr 27.70 4.180 8

[0017] The present invention found that when chamber pressures were raised, the etch

rate for both F2 and NF3 was higher, but the etch rate for F2 was significant

higher than for NF3. In particulaf, when using NF3, a maximum etch rate of about

80 nm/sec was observed, whereas, by using F2 at pressures up to about 170 Torr,

it is possible to achieve etch rates of more than 250 nm/sec.

[0018] In addition, the effect of using F2 at different argon dilution was tested. It was

found that by increasing the argon content, higher etch rates are possible in

accordance with the present invention. Table 2 below includes some of the

experimental results.




36 27.559.69 36 27.567.51 3 6 27.5 56.68 3 6

27.5 46.27 3 6 27.5 42.43 3 6 30 40.97 3 6 50 82.17
3840 96.76 3 9 20 143.41 3 10 50 86.65 3 12 5

17.52 3 12 20 49.45 3 12 27.5 50.30 3 12 50 140.31
3 12 51 191.79 3 13.4 80 185.60 3 13.4 90 159.83 3
14 60 235.09 3 14 70 249.38 3 14 70 134.27 3 14 70
148.56 3 14 75 252.83 3 14 80 161.06 3 14 80 171.97
6 3 14 80 116.97

Table 2 — Etch Rate Using F2 At Different Argon Dilutions

F2 Flow (slpm) | Ar Flow (slpm) | Chamber Pressure (Torr) | Etch Rate (nm/sec)
2 10 22.21
3 4 20 28.90
3 6 5 15.98
3 6 27.5 59.69
3 6 27.5 67.51
3 6 27.5 56.68
3 6 27.5 46.27
3 6 27.5 42.43
3 6 30 40.97
3 6 50 82.17
3 8 40 96.76
3 9 20 143.41
3 10 50 86.65
3 12 5 17.52
3 12 20 49.45
3 12 27.5 50.30
13 12 50 140.31
3 12 51 191.79
3 13.4 80 185.60
3 13.4 90 159.83
3 14 60 235.09
3 14 70 249.38
3 14 70 134.27
3 14 70 T43.56
3 14 75 252.83
3 14 80 161.06
3 14 80 171.97




3 14 85 224.53 3 14 90 253.79 3 14 90 424.05 3 14
90 211.02 3 14 95 180.84 3 15 90 168.51 3 16 70
152.45 3 16 80 10.61 3 16 90 88.39 3 16 90 80.58 3
16 100 112.23 3 16 108 66.83 3 18 80 62.12 3 18 90
124.38 3 18 100 189.98 3 18 110 129.84 3 18 120
199.01 3 18 130 125.78 3 20 80 92.97 3 20 90 77.59

3 20 100 134.72 3 20 110 1

5.52 3 20 120 91.09 3 20

130 131.03 3 20 140 183.73" 3 20 150 138.29

3 14 80 116.97
3 14 85 224.53
3 14 90 253.79
3 14 90 424.05
3 14 90 211.02
3 14 95 180.84
3 15 90 168.51
3 16 70 152.45
3 16 80 10.61
3 16 90 88.39
3 16 90 80.58
3 16 100 11223
3 16 108 66.83
3 18 80 62.12
3 18 90 124.38
3 18 100 189.98
3 18 110 129.84
3 18 120 199.01

13 18 130 125.78
3 20 80 92.97
3 20 90 7759
3 20 100 134.72
3 20 110 115.52
3 20 120 91.09
3 20 130 131.03
3 20 140 183.73
3 20 150 138.29
3 20 160 111.30
3 20 170 287.97




3 20 160 111.30 3 20 170 287.97 7 3 20 180 154.85
[0019] It was further discovered that F2 can nmaintain
a plasma, if a proper sequence is followed, up to 170
Torr, and it appears that even higher pressures may be
possi bl e. The increased effectiveness of using F2 as
defined by the present invention was shown by
conducting tests on an integferoneter. The tinme for
how long it took to renove ‘335 nanoneters of materia
froma wafer was neasured for three different

3 conditions.20First a stlarfdard process runnirsg.gt 2 sl pm

af_NE2 g tih noaraon-dilutiaon anpproximtelv 3
\W A | T TAT gt A= I B B = i s s — =1 >

TN O Vv C It

Ton produced an etch rate of about 11 nm sec. Next a
process running at 2 sl pmof NF3 at increased pressure
of 20 Ton and an argon flow of 6 sl pm argon produced

[0arD]dt eas fiather discaMeedd thaSF NenSAgintain prRabhY, if b P §&huence is
faster etch rates that can be achieved in accordance

wiallpwed eup ﬁ@r ’e@eTﬁIT,l and étrappears Hat evanchightr ipaessuign miaydea

pé&%%?c? '?he 1n9rea ) et%efg Z/an,agtﬁs 9 usmg&%nﬁsac{ggpgé gx ggrg%/gn’? f
ehﬁ/hntli(ﬂi ﬁa@%ow@%on@ﬁ&tdyféﬁﬁ 6n ah MG &roMbiel eThd ﬁm%tf&y}%w

clearly shows the increased effectiveness of using F2
i lpngdeioekia TWVQI@émﬁn@ndpErtﬁmmlml fitohrea praées evits measured for

hod f F2
TRt Sl SinsC TSt fRachpSoTSriating & 2HPRLSIONES with
WA BFgoh [Mi10ALMENd RIPERAMLERIV Tér gk&ﬁc&f SPettRE&e Rk AQath

The nmet hod of introduction’of the F2 tot e etc

chawsser Next arprcpqerpmmmlamg at 2 olpsn 0ENES atmcrehfednﬁeisumﬂfm Torr
the, direct ntrggﬁgtlon of F2 to a heated chanber can

c AL Y& LA B dH e R Tetalaboy e HRmisee
r eaafly, Vthé )hu@lfl s efeh 19@S that ;ﬂﬁ?]eez{cﬂfe%ed g{ adcﬁrcﬂﬁ&f@f‘tﬁ e

to cool the chamber prior to e I ntroduction o

Fpreserf iiventibmwsredound putnoesiap agrddeseat3rlpadd F2tad 1 O Eorr
roduction

Oand grlgl)n 8\§vtof050 ﬁpm e.g. about 13% F2 in argon), producing an etch rate of

about_288 nm/sec.

[0020] While the above clearly shows the increased effectiveness of using F2 in
deposition cleaning operations, the present invention further provides for a2 method

of using F2 under high pressure to perform substrate etching or wafer thinning

procedures at a high etch rate.

[0021] The method of introduction of the F2 to the etching chamber is an important
consideration. In particular, the direct introduction of F2 to a heated chamber can
cause damage to the chamber components because of the reactivity of the F2 gas.
Therefore, it is necessary to cool the chamber prior to the introduction of the F2.

This slows down processing time and adds to the overall cost of production.

[0022] One method of overcoming these problems is to carry out a process for

thermally activating the F2 comprising the steps of: (a) reacting the F2 gas and



[0022] One nethod of overcom ng these problens is to

carry out a process for thermally activating the F2
conprising the steps of. (a) reacting the F2 gas and 8
preheated inert gas to forma gaseous m xture; and (b)
passi ng the gaseous mi xture to an etching chanber to

carry out the desired etching. The reacting step can

be carried out in a mxing chgnber to create the

gaseous m xture and then further in a reaction

chanber to ensure adequate contact between F2 gas and

he Huaheatediipert gas igform Figasdone mixtyess and (P messemgithiegaseous mixture

argon, but.nmay be ot her gases,, suc S, nitrogen

el | thap PR TeEle Gyt i 4-B8t gy ChERRFBhe step can be
car r i Sitin h RExARRKEMBEIAE RBatCiBBRAIDAS midurd 2fidRBen further in a
chanber capable of reacting the FZ gas and the

pr ehweagtod chamber tgznsure afequaiccogtisbloriweemT X gag and he heated inert
reacti on, chanber .i n_gaseous c¢ nicatipn with the .

i w85 QREHRErEvs PR RTY HR LAY <eBF ket mishsepitroeen,
t he fRAiugRan@nexiLRR thaaded inert gas, such system

bei ng i n gaseous comuni cation with a process chanber.

[0024] In operation, the preheated inert gas is

typical | d.into the mxi hanb i
B BT el B T D AR g o i Shamber
condgphbly @ f rdﬁ@ﬁﬁ% iRIF2 s 8nd hefpratfateddhatt gegsdo T8indh g8dé6hs

e

as nickel, Hastelloy, stainless steel, and o
conbinpdicpheat e ehsimtGo ppgaseeuscoainricationayitiothe mining chamber

| so, be used if t ' f t ami.nat j
For R Bt b Pl e BRSSP Y ERABR PR, such
may fetchAhiing at @edusQdhibniSatoh AAtEa pRESSIRAmB@Pabl e

of carrying the inert gas, for exanple, nickel,
Hastel |l oy, stainless steel, and conbinati ons thereof.

The jnert as feed fube .may have a (j ter of 1/2
RT3 msstiony Wieehe e afSyptoal bR e 15 i ghgmber
abouyia hny et ga8 FELATREEc i ShIRE APk VAo 3 mallf BondlREve
flowrate for the inert gas is about 1 slpmto about

20 sinpteriapeef afiablyydivided metal suchizo mickel) Hstehtpy,atainlessnteel, and

RN IO, T S T
pr ehg@kshcktof BBfamifafont Br thRPaRSidr Brbde&TPRIAhE Bas feed tube
| may be fabricated from any suitable material capable of carrying the inert gas, for

example, nickel, Hastelloy, stainless steel, and combinations thereof. The inert
gas feed tube may have a diameter of 1/2 inch to about 2 inches, preferably, about
1/2 inch to about 1 inch, and more preferably about 3/4 inch. The flow rate for the
inert gas is about 1 slpm to about 20 slpm, preferably 1 sipm to about 10 sipm, and
more preferably about 2 slpm to about 6 slpm. The inert gas feed tube may be
surrounded by a heater that preheats the inert gas to the desired temperature,
typically to a temperature about 400°C to about 650°C. The heater may be any
suitable heater, for example, electrical resistance heaters, radiant heaters, gas fired

combustion heaters, and any combinations thereof.



typically to a tenperature about 400C to about 650C

The heater nmay be any suitable heater, for exanple,

el ectrical resistance heaters, radiant heaters, gas

fired conbustion heaters, and any conbi nati ons

thereof. 9 [0025] The F2 gas is introduced to the

m xi ng chanber via a F2 inlet tube. The F2 inlet tube

may be fabricated fromany suitable material capable

of delivering the F2 gas, for9exanple, sapphire,

dense al um num oxi de, nickel, Hastell oy, and

C QoAziSH dthe Gidsgat ﬁﬁeimﬁoﬂuced'h@t}EZnixliﬂ@thahihbtavﬁaﬂ? 2aintét &t dhe F2

of ab ut 1/4 inc a 34 i ch preferably
o PPEITHDS BOHE T SLieblS FistepgamaRietKgfivering the

t he ]Fg Q;a?or el ?Eokgplpﬂnélcﬁﬂ%é SuARRH )%ge ﬁ{_\% 6I-][asl;ﬁr]loy, and

prefer ab y abou pmto about 6 s

heat @dnbingrdans glagecin The ¥ Zgalst fube\vas mtlrantem offabdurg/4 inch to about
cha er for ous_ m. xture. This m xe

o D indinPlaliurbs Bt 1 L BRES /g i low reig for s F2 gas
CONSELY&HE0s16h 18 abbidRlo%] Sﬂnrﬂ gﬁEfeﬁﬁfi BO% 2 §%¢ﬁ] oacﬁ)om & gl%ln

dense al um num oxi de, ap um nu uor

cal cium fluoride, or conbinations thereof. Preferably

| LO0ST e et et il B3 % DL (at ™EREE GRS v they form
al unj Eéé@)lﬂ HBtide mmix¥&%b§ﬁréaﬂy fikn ﬂbgvs % the rga%?lﬁh Whmber that

to use inert materials construction o
r eacisiconstoictdira Highly éneof rlateiziasudiv esniolell ddnis@ BlubtEH DR ide,
of the reactivity of the F2. In one enbodinment, a

sapplPPRIs alipinpiiinqride sealging Hupridgonspabinationg tereofibe
t hat Px%kér tﬁeolreaétlé% dshb&fis cQI‘i’srtHBt &l ?aiflp%ﬂgr 1%@15321 cré/stal
0

such on or Klarez seals
by 11hm11ﬁ1?.n gaile nTdheial dat foron anrmnhmnm ﬂuc&idéﬁpdsi@tlon layer. Itis
ensur e adequat e contact. between the as and the

heat BPITIBE O Y55 dneryigatepigls doy) the C?W“F%%R:‘?Iig tBa reapdemeramber to
has a,q ﬁgﬁgcﬁfus O?Eraﬁ&gﬂécagréezt%ﬂ «.Jhagtl\ﬁgpcg{th F?nﬂll %l{é:ﬁe.mbodlment,

I nches pre erab out I nC

[ 0024 i;ap"p'hiie ek U.I‘oe iofealed tatsk itk ohrrmde alidl aBow s rtthe use of
gas, is then delivered thrgugh an outlet tube to the
pr ocR¥Ea lasiBIer pesfs, gach aad/ ifoncqrddlares geals, veithemt rigk of damage by

agenfye F]Z—rk%s. The reaction chamber is sized to ensure adequate contact between the
F2 gas and the heated inert gas, for example, the reaction chamber has a diameter
of about 1/2inch to about 1 and 1/2 inches, preferably, about 1/2 inch to about 1

inch.

[0027] The mixture of F2 and high temperature inert gas, is then delivered through an
outlet tube to the process chamber for use as a cleaning or etching agent. The
outlet tube should be constructed from an inert material to avoid reaction with the
thermally activated F2 gas. Suitable inert materials for the outlet tube include the
same material used for constructing the reaction chamber, preferably sapphire

inside a nickel tube.



outl et tube should be constructed froman inert
material to avoid reaction with the thermally
activated F2 gas. Suitable inert materials for the
outlet tube include the sane material used for
constructing the reaction chanber, preferably sapphire
inside a nickel tube. 10 [0028] Fig. 2 shows a flow
schenme and sequence for renote plasma clean of a
deposi ti on chanber. Such clearng may be carried out
between runs for SiQ2, silicon nitride, tungsten,

t (0098] &re. Aishowele flowseheme and sdquenctefonrethquoplasinbictean oba
the  like. mIarI . 3 shows aflo scheme and _.
seqL@Heatl%F 4R tsﬁcib?ls BV 2R S21gied QULRRERR T for SI02

c har@?ﬁéon fitrfte, AinS RN Syrfbsleh QiR hﬁ.ﬁ%sté}mhéﬁg my&ﬁ&m or the

high rate  wafer et éhing that benef | t usi ng
F2 ulnicberSmmllady,tngrBssmfwsm figw pcmmfwnd se@r@dcdﬂf(ghn -situ plasma clean

di | O de |, th
s'ys? 5\%'%}33 § af?fge E 2@%\3 ¥ % S%ﬁa% ?éqesmfof%r high rate
F2 {0t %hﬁg%hat %qll nBP?&%Qx%mW@%&?E‘oﬁcﬂu&ﬁ%f high ressure

process cha contt ol using a vac
puwun@ﬂﬁghdﬂtﬁundﬁh@zagﬁlpressure transducer 207. One
nmet hod for operation according to the present
invention of the systemshown in Fig. 2is as

erd etr 'dé‘da l,ythe %ﬁ?&nﬁ@%w@n@ #h 9. B flchies an argon source 201,aF2

gprOX| orr on transducer 207
cont saore ml, m&l ﬂDEPS) 20y, az@nnlentmmafphéﬁ@cmistchambelal(glahat is
fl ow of pm from ar ggn SOlIII‘ ce 201. The plasnma i

t hencqnof! Ffitl@ag By agua! pursb ¢8p et sl a&fi@awsurpérapﬁwrp%ﬂ One
sour ﬁl@th%p ot Epehﬁl%ﬂ ak:&;rafﬁg Y& % Bdn inﬁ%t)'oilrcﬁ{mg gys'l’% shown in

fromno a rat 0 gr ter
incrEfgsElmrfoBoxseconds (i.e. ranmping to 2 slpm shoul d
take at | east 10 _seconds) Th| s .hel ps the pl asma ay
it whilugatlpdhe RPS&P?eﬁesqtgt P RGmALFe>- A?@}Bﬁnftqaa ucer 207

rate i Syf; bl?gbﬂtﬁ)(’r\srmeefbé& wRual MMWWBWn%]OW of 1-2

times an
slpm from argon source 201.

The plasma is then initiated by RPS 203 using pure argon.

F2 from F2 source 202 is then introduced and slowly ramped up from no flow
at a rate no greater than 1 slpm increase per 5 seconds (i.e. ramping to 2 slpm
should take at least 10 seconds). This helps the plasma stay lit while the
fluorine is being added.

Argon flow rate is then increased to 10-20 slpm or between 3 times and 10
times the ultimate F2 flow for the particular process.

The pressure of process chamber 204 pressure is increased to between 30 and
300 Torr while maintaining plasma, using transducer 207 to control valve 206
on vacuum pump 205 during or after the ramp up of argon flow.

F2 flow is increased up to the full flow rate based on the size of the process
chamber 204, e.g. from 2-200 slpm.

The argon flow is maintained at 3 to 10 times the F2 flow rate.



times the ultimate F2 flow for the particul ar process.
The pressure of process chanber 204 pressure is

i ncreased to between 30 and 300 Torr while

mai nt ai ni ng plasma, using transducer 207 to contro

val ve 206 on vacuum punp 205 during or after the ranp
up of argon flow. F2 flowis increased up to the ful
flow rate based on the size of the process chanber
204, e.g. from 2-200 sl pm Thell argon flowis

mai ntained at 3 to 10 tinmes the F2 flowrate. 11

[ QUBRO] B3yusitgithgabdwve salpoanee Ske press chameer@0dceidisbe cleaned of
chanber 204 will be cl eaned of surface deposits.

t he BWECHAeRORKS cHEihe end RétheryrleoteFe oy isdimet off, {}ﬁé e
t he a?lgérﬁ‘a%%é}ﬁ‘[){l&fﬁvsv po0%) 15?11?‘11@(9 Iaﬁd hH{L %fnfﬂ n turned down.

fin y, argon I's turned

pr oCElssprodurctiohgmogentamihien ccﬁrﬁﬁﬁ& ] Fi g_ 3 repr esent s a
systemvery simlar to than shown in Fig. 2. However,

where Fig. 2 describes a systemusing a renote plasma

s pory r
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the process. chanber 304_having el ectrodes_310 and 320,

t he PEbEERS inpihplernipg; Rppartisi #othe systeriot §ig 3ineluden an argon
pPUNPg s a h,

ot nes Ot otE PP Sofieg BREARANE hd HRRAE Rtk 504 Rifing

I nveelktttodeoB10 ed 335 &mmbmmhmbdﬂbgmg&oneola& istld DWRuum
Initial%g the process chanber 304 is set at

appr BRNPAPSMplvs. 390andgressyr trapsdsert¥e Omomethpg &9 operation
cont r.

11 ow pRElafie pHRe STy AN St B Tacapshindy Bl 3108 Yollows:

t hen i mhitiaRy, Etﬂe pioctssehembert 30ade set3i Spprotnadly 0S5-NTorr on
pure argon, F2 from F2 source 302 is then introduced

and sl é¢wngducangfeowhishicpatiolnyalve S0P onvaguunypenpd05 with an argon

greate&lgygglisghggbﬁg ﬁ§§§§ggggl5 seconds (i.e

ranping to | east 10 seconds).
Thi s hetheslisher ibtiasmiitdtcdibyl the elébtrddes B@ and 320 using pure argon.

F2 from F2 source 302 is then introduced and slowly ramped up from no flow
at a rate no greater than 1 slpm increase per 5 seconds (i.e. ramping to 2 slpm
should take at least 10 seconds). This helps the plasma stay lit while the
fluorine is being added.

Argon flow rate is then increased to 10-20 slpm or between 3 times and 10
times the ultimate F2 flow for the particular process.

The pressure of process chamber 304 pressure is increased to between 30 and
300 Torr while maintaining plasma, using transducer 307 to control valve 306
on vacuum pump 305 during or after the ramp up of argon flow.

F2 flow is increased up to the full flow rate based on the size of the process
chamber 304, e.g. from 2-200 slpm.

The argon flow is maintained at 3 to 10 times the F2 flow rate.



fluorine is being added. Argon flowrate is then

i ncreased to 10-20 sl pmor between 3 tines and 10

tinmes the ultimate F2 flow for the particul ar process.
The pressure of process chanber 304 pressure is

i ncreased to between 30 and 300 Torr while

mai nt ai ni ng pl asma, using transducer 307 to contro

val ve 306 on vacuum punp 305 during or after the ranp
up of argon flow. F2 flowis i'dicreased up to the ful
flow rate based on the size of the process chanber
30@032¢ By.usfnigahe 2bA@Geqhgnae, tHhproaésg@hathbeVv804swvill be cleaned of

mai nta%ne at. 3to. 10 tines the F2 flowrate. 1
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t he tupledsioevnc Uhegnbduenior pactssadashedlddndngk. 320 i s
turned off and finally, argon flowis turned down.
The production process can then continue. [0033] Fig.
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an RPS 403, connected to the process chanber 404 that

i s caandth A0, srprecked to sha Riresss Ahambes 404 Anagés crmgrolpdiusing a
pres f e [

B or o BA R iy 8 d6 abd reliihe Rt Rler 487 CRE o o

i n Fopgratibni cadingftolthopyesent iniventadn of thé btdiPshaAdBini g, 4 is as
set at approximately 0.5-3 Ton on transducer 407

whi cfellewsit r ol s val ve 406 on vacuum punp 405 with an

argon fJ. f rom.argon, _so 401. . Th

pl asrr:alﬂlng\'l’\{t1 élﬁelF%§t4|%g? J;AC? %tyapﬁ%g%%ﬁ??yu@?%gmprﬂ?% “5?5388‘? 407
F2 fr oRHich Gotifoley 20240 6Sort Vi Burin Pubgauseitia gl aso 8 \WoW of 1-2
ranped up fromno flow at a rate no greater than 1

sl pm i sPeHeB een spwecHHds (i.e. ranping to 2 sl pm

The plasma is then initiated by RPS 403 using pure argon.

F2 from F2 source 402 is then introduced and slowly ramped up from no flow
at a rate no greater than 1 slpm increase per 5 seconds (i.e. ramping to 2 slpm
should take at least 10 seconds). This helps the plasma stay lit while the
ﬂuodﬁe is being added.

Argon flow rate is then increased to 10-20 slpm or between 3 times and 10
times the ultimate F2 flow for the particular process.

The pressure of process chamber 404 pressure is increased to between 30 and
300 Torr while maintaining plasma, using transducer 407 to control valve 406
on vacuum pump 405 during or after the ramp up of argon flow.

F2 flow 1s increased up to the full flow rate based on the size of the process
chamber 404, e.g. from 2-200 slpm.

The argon flow is maintained at 3 to 10 times the F2 flow rate.



shoul d take at |east 10 seconds). This hel ps the

plasma stay |it while the fluorine is being added.

Argon flowrate is then increased to 10-20 sl pm or

between 3 tinmes and 10 tinmes the ultimate F2 flow for
the particul ar process. The pressure of process

chanber 404 pressure is increased to between 30 and

300 Torr while maintaining plasnma, using transducer

407 to control valve 406 on Jﬁcuun1punp 405 during or
after the ranp up of argon flow F2 flow is increased
upoa3d] Byaising the hbmiw seqienct)assicomnwithed Kl stppoarfted drea temperature
process . chanber 404, e.g. from 2-200 The, ar gon.
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the F2 flowis turned off, then the plasma current on

RPS 403 is turned off and finally, argon flowis
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be processe erefore a reduction in the overa
cost propesstgssidrequipnednequi pment .

Experimental Data

Experiment 1 - RPS Operating Limits

[0036] A vacuum system was assembled consisting of a NW40 4 way cross, the
bottom of which was connected to a NW 100 spool piece packed with nickel, a
vacuum control valve, a NW100 flexible spool piece and a BOCE Edwards QDP
80/500 dry pump. Connected to the left inlet of the 4 way cross was the outlet of
an MKS Astronex remote plasma source. On the inlet side of the Astronex was an
MFC controlled source of Ar and either NF3 or F2. Installed on top of the 4 way

cross was a pressure transducer and on the left hand side a viewport.

[0037] A controlled flow of Ar was established and the plasma ignited. A set flow
rate of source gas (NF3 or F2) was established and the Ar flow discontinued. The



Experimental Data Experinent 1 - RPS Operating Limts

[ 0036] A vacuum system was assenbl ed consisting of a

NWI0 4 way cross, the bottom of which was connected

to a NW 100 spool piece packed with nickel, a vacuum
control valve, a NW 100 fl exi ble spool piece and a

BOCE Edwards QDP 80/500 dry punp. Connected to the

left inlet of the 4 way cross was the outlet of an

MKS Astronex renote plasnma soutke. On the inlet side

of the Astronex was an M-C controlled source of Ar

and pictdues inNR8 systenf2/as ketstith thedacuunt ogntafl vilve ftbnwbase to some
cross was a pressure transducer and on the |eft hand
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source gas or F2) was established and the Ar f
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maxi FRFEdesh ar\ggﬁﬁxgl,ngplﬁ lgprgﬁffsgfa56§paqqpﬁgofor several
pr esghEstet Qﬁd PANBSas gg@é@&ﬁ fromthe RPS (kW was
w t

nmeasured and recor a Fl uke Mbdel 41B power
anal yzer. \Wen pressures caused the nmaxi mum power of
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opg\r,\%ﬁ g‘%\?ﬁﬁ CN(-@r 2@2 5{?2’ épgﬁ%mg’ p?&/Q-QEg\L 1ie gﬁ ggv was not

be nbzhchedi deF2 tpani 8 kl&t arelf 109FBorr 'Wl&réﬂ?&esmﬁﬂ ii$ teeéhed when
power draw limt of was_not breached for F2 up
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represents pressure an condl I ons
t hanpaamend wéﬂ&&ﬁ%ﬁgzﬁtb@ﬂﬁ tidinefféct en cleBginade@ etch rate as further
paraneters were investigated for their effect on
cl eaflisAgFsethbele¥ch rate as further discussed bel ow.
Experiment 2 - Etch Rate Conparisons

Experiment 2 - Etch Rate Comparisons

[0039] The apparatus described in Experiment 1 was used, except that the 4 way cross
was replaced with a 6 way cross. A removable, water-cooled, wafer chuck was
installed on one port. The chuck was designed to hold small samples of wafers
coated with 2 um Si02. Installed in the opposite port was a viewport. A simple
laser interferometer was directed through this port to measure the etch rate. Flows
and pressure were manipulated as outlined below and etch rates were measured
and recorded in the following manner. A laser of wavelength 670 nm strikes the
S102 layer and reflects off the top of the layer and the bottom. Depending upon
the phase of the reflected light the two beams will either reinforce or cancel each
other. As the etch process causes the Si02 layer to get thinner the signal from the
detector will go through peaks and troughs. Measuring the time between peaks or
troughs will give an etch rate in nm/s, with each wavelength representing a ~335
nm change in thickness. Results of this experiment are shown in the Table 1

above.



[ 0039] The apparatus described in Experinent 1 was
used, except that the 4 way cross was replaced with a
6 way cross. A renovable, water-cool ed, wafer chuck
was installed on one port. The chuck was designed to
hold smal |l sanples of wafers coated with 2 um Si Q2.
Installed in the opposite port was a viewport. A
sinple |aser interferoneter vas directed through this
port to nmeasure the etch rate. "Flows and pressure
were mani pul ated as outlined bel ow and etch rates were
neasured and recorded in the follomﬁng manner. A

velen 670 nn1st the SiQ2 |aye
- 7oL s SR RES Bl 5Pt st Sk S nf st ety Slehificant
De pedlﬁbﬁﬁc@ﬂ%e etfcﬁ RatbdRE6h @find RE3leFh %ﬂiee@stbicanﬁnén@@du
two beans will either reinforce or cancel each other!:
As tdnuivelanhflpwoetssssimdaswystemmeSuEs ahdyperArtdiluget are used.
thinner the signal fromthe detector will go through
peaks and troughs. Measuring the tine between peaks or
t ERpeBets J OfiMBaBin et ch rate in nnl's, wth each
wavel ength representing a -335 nn1change in
t HOQ h Ewing Rptimizagiopfetahitates avepesanmmemed iarrelagime tammi.n Théretch rate
Table 1 ahove. 004 ot ed above
exp TP AieRs PO o1 1R P i oToRts ondl PR e for al rums,
si gnwhick 3Btrespohd LloaiRatdYub e 611013 LakRSrURER \ugé §20t0 5.5 Torr
NF3 or F2 where stoichionetrically equivalent flow
r at eand Al /MNFaratioyte Be riheresidta oétheaptimzatian edpérnirmets aresshown in
use ri t 3 - Optimzation [0041] During
opt?ﬁﬁggiﬁgﬁm'tch rates were conpared in relative
terms. The etch rate corresponding to 100% was set as
the sl owest etch rate observed for all runs, which
cdhbb§beNH§(hnhstamﬂard run #2 for NF3 where pressure

set—+6 5 E Torr &nd I\r / I\IIEQ a | o—to Q Tho

! SGpde oan ¢ 1y Q)BE% Rethut | BresuxpaiorenRelativeEihdate (% of un 2)

bres 3, 4 apd rapte NF3—Optf [gZati om Standard
Run Ar/ NF3 tio Pressure'?Ton) Rel ati'vé Etch Rate (%
of2 run 2) 3 5.5 100

3 0 20 442.7

4 3 20 868.2

5 0 12.75 304.4

6 12.75 358.7

7 1.5 5.5 127

8 1.5 20 603.1

9 1.5 12.75 303.6

10 1.5 12.75 460.6

11 1.5 12.75 327.8

12 1.5 12.75 373.4

13 1.5 12.75 316.1




105.5127.52 35.5100 3 0 20 442.7 4 3 20 868.2
50 12.75 304.4 6 3 12.75 358.7 7 1.5 5.5 127 8 1.5
20 603.1 9 1.5 12.75 303.6 10 1.5 12.75 460.6 11
1.5 12.75 327.8 12 1.5 12.75 373.4 13 1.5 12.75
316.1 16 Table 4 - F2 Optim zation Standard Run
Ar/NF3 Ratio Pressure (Ton) Relative Etch Rate (% of
run 2) 1 05 209.52 45 185.3 3 050 361.2 4 4 50

- 1264.3 5 0 27.5 361.2 6 4 27.5528.4 7 25 169.4 8

2 50 863.4 9 2 27.5 459. 716 10 2 27.5 459.7

Table 4 — F2 Optimization

Standard Run | Ar/NF3 Ratio | Pressure (Torr) | Relative Etch Rate (% of run 2)
11 0 5 209.5
2 4 5 185.3
3 0 50 361.2
4 4 50 1264.3
5 0 27.5 361.2
6 4 27.5 528.4
7 2 5 169.4
8 2 50 863.4
9 2 27.5 459.7
10 2 27.5 459.7
11 2 27.5 680.8
12 2 27.5 737.5
13 2 27.5 643.6
. Table 5 — Optimal Etch Rates
Source Gas Ar/Source Gas Ratio | Pressure (Torr) Relative Etch Rate
NF3 (optimal) 3 20 825
NF3 (RPS limit) 3 17.5 679
F2 (optimal) 4 50 1208

-[0042] Two results for NF3 are shown in Table 5 because the optimal resuit for NF3

was obtained at a point where the RPS was operating beyond its specified limit.

During optimization a statistical DOE process was followed. The system pressure

and Ar diluent ratio at constant stoichiometrically equivalent flow rates were

manipulated as seen in the Tables. The wide operating window for F2 was




7.5 680.8 12 2 27.5 737.5 13 2 27.5 643.6
%;bIZeZS - Optimal Etch Rates Source Gas Ar/Source Gas
Rati o Pressure (Ton) Relative Etch Rate NF3 (optinal)
3 20 825 NF3 (RPS limt) 3 17.5 679 F2 (optimal) 4 50
j 1208 [0042] Two results for NF3 are shown in Table
5 because the optimal result for NF3 was obtained at a
poi nt where the RPS was operating beyond its specified
limt. During optimzation a sfatistical DOE process
was followed. The system pressure and Ar diluent
rati 0 a const ant stoichionetrically equivalent flow
r at esSXRpIEd Sr?éﬁ? plif hrgg of thepeimizasion iveriatded ‘esrg eitm;iac; tfor F2
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Tabl e.,4, opti mal et§h rates were found for

and FPOREVileihgoptimaletah g fﬂi'@é’rs‘tﬂ&se% legsict6% Gighar than that of NF3,

0 etch te for F2
\SivlalsuZ{Slt }}%Zsisaia&ﬁed) ' \ézﬁer an ?Pg{maga cRigafe of K¢ wasat least 78%
spec:llfulgbcttharmﬁat@ﬁ‘NFhe RPS the optimal etch rate of F2
was at |east 78% higher than that of NF3. [0043] The
above experinments were relatively narrow in scope. In

Torr bar e o e Ban AP BB SRS Rischke. Btiaspaperiment

& y
1, et a1 el s P .
furt hé‘;rchevﬁé thr'i‘b?\@(ﬂl haghsy pressures matq ij)OoToramgmnret maf Be po&ifble and
be i nc&ﬂf 1rl'c?crllggetgfl ra‘?fes% e%gr]i ey éswte%g%f%e, 1heoqat1g\|of fggon to F2

preferab a rati _
F2 rratyarﬁm mshﬂ‘irahge eLT Hap &1 Md h 1MR&: ﬁ%ﬁ?ﬁ)@, aratio of 4 to 1 up to
[ i on. Higher _ i , _ .

' nven Itool of Ar o F2 may be used in accordance with the present invention. Higher

ratios may also be possible and useful. The most preferred parameters for the

present invention are currently believed to be pressures greater than 20 Torr and

ratios of Ar to F2 of more than 4 to 1.

[0044] The present invention provides for the use of F2 under high pressure and at
high dilution with a gas such as Ar, for purposes of deposition chamber cleaning.
In addition, the very high etch rates that can be achieved in accordance with the

present invention may be used for surface etching operations.

[0045] It is anticipated that other embodiments and variations of the present invention
will become readily apparent to the skilled artisan in the light of the foregoing
description and examples, and it is intended that such embodiments and variations

likewise be included within the scope of the invention as set out in the appended

claims.



rati os may al so be possible and useful. The nost
preferred paraneters for the present invention are
currently believed to be pressures greater than 20
Torr and ratios of Ar to F2 of nore than 4 to 1.
[0044] The present invention provides for the use of
F2 under high pressure and at high dilution with a
gas such as Ar, for purposes of deposition chanber
cleaning. In addition, the vy high etch rates that
can be achieved in accordance with the present
ivemison may be used for surface etching operations.
[0045] It is anticipated that other enbodi nents and
variations of the present invention wll becone
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gr eat efof han 20 Torr. 2. A nmethod according to claim
1, wherein said pressure is from20 Ton to 170 Ton
3. A net hod according to claiml1, further utilizing a

g. lg g ﬁ n}x H%eftf%g%cﬁgrc LS dtlotfﬁﬂ? t%%ﬂ;g? ng ﬁgiiligf(s‘jl%ti gra]lg seci&:ted from the
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di l ue s to F inthe range of 3:1to
A net hod accordlng to claim4, wherein the ratlo of
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di | uenngas4:0d oS 4: 1

LLOYD WISE

5. A method according to claim 4, wherein the ratio of diluent gas to F2 is in the

range of 4:1 to 8:1.

6. A method according to claim 5, wherein the ratio of diluent gas to F2 is 4:1

and said pressure is from 20 Torr to 170 Torr.

7. A method for etching a substrate in a vacuum chamber, said method utilizing

F2 plasma at pressures greater than 20 Torr.

8. A method according to claim 7, wherein said pressure is from 20 Torr to 170
Torr.
9. A method according to claim 7, further utilizing a diluent gas selected from the

group consisting of argon, nitrogen, helium and mixtures thereof.



and said pressure is from20 Torr to 170 Torr. 7. A

met hod for etching a substrate in a vacuum chanber,

said method utilizing F2 plasma at pressures greater LLOYDWISE
than 20 Ton. 8. A nmethod according to claim?7, wherein

said pressure is from20 Torr to 170 Ton. 9. A nethod
according to claim7, further utilizing a diluent gas

selected fromthe group consisting of argon,

nitrogen, helium and m xtures!%t hereof. LLOYD WSE 19

10. A nmethod according to claim9, wherein the ratio

afp. di | Algrthddagcérdidpoickim, Whereid 8 32t Blubnt gas1OF1 is in the
11. A nmethod according to claim 10, wherein the ratio

of di Iraegetofgabta:k2 is in the range of 4:1 to 8: 1.
12. A nmethod according to claim111l, wherein the ratio
of diluent gas to F2 is 4:1 and said pressure is from

2q. Torg niethodcdrding to tRimA0SWHERIN thE FATATHi fuBntRAE §OFMs in the
the nmet hod of any one of clains 1 to 12 for cleaning

a depasigeiadfrd: iec8ilm chanber or etching a substrate in
a vacuum chanber, said system conprising: a source of
F2 gas; a source of an inert gas; a m xing chanber

qennecd gfitod &ebdinkad cffmaft, WRedAStha Rliol&F dFlRakst A9WS FRis 4:1
of inert gas wherein said F2 gas and sai d i nert gas

react and sfidipresaugas Goms20 Rorxtaul’® Tand a vacuum chanber
connected to said m xing chanber and configured to
recei ve said gaseous mxture. 14. A system according

:1‘3 bgl A Wsledn afritided®6 pEPER the mhGH of 48§ ohe 8RElalnN £lo 12 for
cleaning a deposition vacuum chamber or etching a substrate in a vacuum
chamber, said system comprising:

a source of F2 gas;

a source of an inert gas;

a mixing chamber connected to said source of F2 gas and to said source of
inert gas wherein said F2 gas and said inert gas react to form a géseous
mixture; and

a vacuum chamber connected to said mixing chamber and configured to

receive said gaseous mixture.

14. A system according to claim 13, further comprising an inert gas inlet tube
connected between said source of inert gas and said mixing chamber, said inert
gas inlet tube made from a material selected from the group consisting of

nickel, Hastelloy, stainless steel, and combinations thereof.

15. A system according to claim 14, wherein is said inert gas inlet tube contains a
packed bed of thermally conductive material selected from the group
consisting of nickel, Hastelloy, stainless steel, copper, copper alloys,

aluminum, aluminum alloys and combinations thereof.



connect ed between said source of inert gas and said

m xi ng chanber, said inert gas inlet tube nmade fro”‘aLLOYDVWSE
material selected from the group consi sting of

ni ckel, Hastell oy, stainless steel, and conbinations
thereof. 15. A system according to claim 14, wherein

is said inert gas inlet tube contains a packed bed of
thermally conductive material selected fromthe group
consi sting of nickel, Hastel ¥y, stainless steel,
copper, copper alloys, alum num alumnumalloys and
CYTLI NRLL QA abdR8@Gfto clalddYH) WheEin sdidl idért oAy et idhas a
according to cl ai m14, wherein said inert gas inlet
tube hdigmeter i thereange of /2tiheh toshimehest 1/2 inch to 2
inches. 17. A system according to claim 16, wherein
said inert gas inlet tube has a dianeter in the range
0f7.1 /& s A1&H ak&rdink 6 Blaird 86, Wh&¥intsaid iAer€ QA tilkR has a
claim17, wherein said inert gas inlet tube has a

di ametdiameter BY the rangh of 182, ingh twykingm according to claim
14, further conprising a heater communicating wth
said inert gas inlet tube, said heater being of a type
sal ect #dydit M dI8ing 96 BldPn 49 Whétingidahere gssclhret e has a
reS|stance heaters radi ant heaters, gas fired
corrbusdlamnteheﬁ}/émqh and conbi nations thereof. 20. A
system according to claim 13, further conprising an F2
inlet tube connected between said source of F2 gas

afg:i S %q Perti 100G rﬁ%@@fmmqa' firthér doMgsirlgHReatd? @bMthunicating
made o a materi al "sel ected fromthe group consisting
of sapwhth sad inkehgs inlat whe,rsaith heaiedbsing o€ k §lpe sklasted Ifrlouyt;he
and conbi nati ons tg {eof 21. A system accordin

c1 i m E0UP GHRsiUnE O eleqirieal erpaRce gl IS A HFaife: @ fird
14 1 el fledletmd28mbfhafi¥s] @1cBE COT di NG t 0 claim

21, wherein sal i nl et tube has a di aneter of

20. A system according to claim 13, further comprising an F2 inlet tube connected
between said source of F2 gas and said mixing chamber, said F2 inlet tube
being made of a material selected from the group consisting of sapphire, dense

aluminum oxide, nickel, Hastelloy, and combinations thereof.

21. A system according to claim 20, wherein said F2 inlet tube has a diameter of

1/4 inch to 3/4 inch.

22. A system according to claim 21, wherein said F2 inlet tube has a diameter of

1/4 inch to 1/2 inch.

23.  The system according to claim 13, further comprising an outlet tube connected

between said mixing chamber and said vacuum chamber.



1 /4 inch to 1l /2 inch. 23. The system according to
claim 13, further conprising an outlet tube connected LLOYDWISE
bet ween sai d m xi ng chanber and said vacuum chanber.
LLOYD WSE 21 24. A nethod of cleaning a deposition
vacuum chanber; said nethod conprising the steps of:
providing an inert gas to a mxing area at a first
flowrate; initiating a plasm using said inert gas;
providing F2 gas at a first ffowrate to said m xing
area to create a mxed plasm; increasing the flow
ra4 e OA n¥thél b QEdnios dépdsidion @a€Eh ENa@ybel;3aRl method comprising
i ntroducing said m xed plasm to said vacuum chanber;

i ncr eatélcﬁ‘@ps P& pr essure of said vacuum chanber whi | e
mai nt ai ni sai.d xetd Ig asme. 1 Nck Eﬁ sal d flow
rate offOYSTIE FHiNpIy BAYI0A BW&E?IF%@& 34y

mai Nt ainQiaftlg apAdsthal sty dartf iBe@agai d inert gas at a
rate between and 10 tines that of said second flow
rate oprogiing F2gasand festdlony rate Oaag mxcngares ivadrbaie a npged
A neth d accordl ng to claim24, wherein said m xing
area iR%¥%enpte plasma source. 26. A method

accor dinBadiRg e dW ?ﬁe of"ﬁﬁf RieA gadtdth EcshdoR T, IS i N
sai d vacuum ~chanbe . A method according to claim
24, whintreducisgsaid rrmeerd plgam i0§asie\raeumre ¢himberi t he group
consi st i ng%of ar ni t en, m a d m xt ur es

Cher eocreganE He e ol cRgargn EBRrares i ls natpidiiag spid mixed

said S}El@ﬁné’f increasing said flow rate

increasing said flow rate of said F2 to as second flow rate while maintaining
said flow rate of said inert gas at a rate between 3 and 10 times that of said
second flow rate of said F2;

and cleaning said vacuum chamber.

25. A method according to claim 24, wherein said mixing area is a remote plasma
source.

26. A method according to claim 24, wherein said mixing area is in said vacuum
chamber.

27. A method according to claim 24, wherein said inert gas is selected from the

group consisting of argon, nitrogen, helium and mixtures thereof.

28. A method according to claim 24, wherein said step of increasing said flow rate
of said F2 comprising ramping up said flow rate at a rate no greater than 1

slpm per 5 seconds.



of said F2 conprising ranping up said flowrate at a
rate no greater than 1 slpmper 5 seconds. LLOYD W SE
22 29. A nethod according to claim 24, wherein said
second flowrate of said F2 is in the range of 2 to
200 sl pm 30. A nethod according to claim 24, wherein
said inert gas flowis maintained at 4 to 8 tines the
F2 flowrate. 31. A nethod according to claim 24,
wherein said flowrate of sai## inert gas is in the
range of 1 slpmto 20 slpm 32. A nmethod according to

LLOYD wisg

clgai M B nethNdiPdcebidifdio14imO, WERiPdaid fdcind ABWra@aF shid F2 is in

in the range of 1 slpmto 10 sl pm 33. A nethod
accor dheigange o R 49 AWBdpmwherein said flow rate of said
inert gas is in the range of 2 slpmto 6 slpm 34. A
system arranged to performthe nethod of any one of

Cieai MBA 2bthd a3ofdMg toC BRI WhereH LRSIkt QPas IBGUY Maintained at
chanber, said system conprising: a source of F2 gas; a

sour cgodftimes thagRtfloyamte.a m xi ng chanber connected to
said source of F2 gas and to said source of inert gas
wherein said F2 gas and said inert gas react to forma

IASEO0UR method 44cErdi e Faihalll Wi ehRSReNowRRE LA ifet gas is in
sai d m xi ng chanber  and configured to receive said

gaseoube mngt of & slp@bto 20 dpmt em accordi ng to cl ai m 34,
further conprising an inert gas inlet tube connected
bet ween sai d source of inert gas and said m xing

chanbe) mddhdcBRfidg todfsim! |, VhefeiPGidRI® rhle@TsAd inert gas is in
materi al selected fromthe group consisting of
the range of 1 slpm to 10 slpm.

33. A method according to claim 32, wherein said flow rate of said inert gas is in

the range of 2 slpm to 6 slpm.

34. A system arranged to perform the method of any one of claims 24 to 33 for
cleaning a deposition vacuum chamber, said system comprising:
a source of F2 gas;
a source of an inert gas;
a mixing chamber connected to said source of F2 gas and to said source of
inert gas wherein said F2 gas and said inert gas react to form a gaseous
mixture; and
a vacuum chamber connected to said mixing chamber and configured to

receive said gaseous mixture.

35. A system according to claim 34, further comprising an inert gas inlet tube

4

connected between said source of inert gas and said mixing chamber, said inert

gas inlet tube made from a material selected from the group consisting of

nickel, Hastelloy, stainless steel, and combinations thereof.



ni ckel, Hastell oy, stainless steel, and conbinations
thereof. LLOYD WSE 23 36. A system according to

claim 35, wherein is said inert gas inlet tube LLOYD WiSE
contains a packed bed of thermally conductive

material selected fromthe group consisting of

ni ckel , Hastell oy, stainless steel, copper, copper

all oys, alum num alum num alloys and conbi nati ons
thereof. 37. A systemaccordi#g to claim 35, wherein

said inert gas inlet tube has a dianeter in the range

ofe. 1/ Ak 7§E‘§$}n blcoding %‘@lﬁtm 38, wibrSNSS S BREQYaiMet the contains a
claim3 wherein Said inert gas inlet tube has a

di anetmckédbedhd thqmgéy obndikctivé materinbselectaddhom 8g: group

systen1accord erei.n said iner S
i et CoBa el Heke HagEy. g rhciopPo soes gUm
accor djjiMinuth, %l@hﬁhﬁ%uowim%wmm fleffa heat er
conmmunicating Wth said inert gas inlet tube, said

heater being of a type selected fromthe group
consisting of electrical 53|stance heat ers, I?Pt
as a

ilat er/h SYER 2F60rEiRE 1@ A 3¢ WHETHB ¢ ReT ghhlet
combl NihhQBPin' thsfﬁgéof% inh BYShefpsaccording to claim

34, further conprising an F2 inlet tube connected
bet ween sai d source of F2 gas and said m xi ng chanber,

said F2 inlet tub bei ng de of a material, sel ect
3Bom theve® aﬁcqsglﬁg .t%felrawg3 whergigspiddnerfiggsdalet aibsﬁlmm

oXi de’dl&h%‘télein’th g OHJM m@r% 1::@ |nat| ons the_reof.

42. A system according to , Wherein said F2
inlet tube has a dianeter of 1/4 inch to 3/4 inch.
43. A systen1accord|n to claima42, wherein said F2

i39 et 4 Spdenascoidiap é%lta@ 38swherein gaid inert gas 1plef tube hapa
LLOYD mgter of 3/4 inch.

40. A system according to claim 35, further comprising a heater communicating
with said inert gas inlet tube, said heater being of a type selected from the
group consisting of electrical resistance heaters, radiant heaters, gas fired

combustion heaters, and combinations thereof.

41. A system according to claim 34, further comprising an F2 inlet tube connected
between said source of F2 gas and said mixing chamber, said F2 inlet tube
being made of a material selected from the group consisting of sapphire, dense

aluminum oxide, nickel, Hastelloy, and combinations thereof.

42. A system according to claim 41, wherein said F2 inlet tube has a diameter of

1/4 inch to 3/4 inch.

43. A system according to claim 42, wherein said F2 inlet tube has a diameter of

1/4 inch to 1/2 inch.



24 44. The system according to claim 34, further
conprising an outlet tube connected between said LLOYD
m Xi ng chanmber and said vacuum chanber. 45. A nethod WISE
of etching a substrate in a vacuum chanber; said

method conprising the steps of: providing an inert

gas to a mxing area at a first flowrate; initiating

a plasma using said inert gas; providing F2 gas at a

first flowrate to said nmixindf area to create a i xed

pl asma; increasing the flowrate of said inert gas to
aygsecorfd dykeM dcadling tb RIAiABUC fiitthe Sedrlipriingesh GLtRS fbelcOnnected
sai d vacuum chanber;” increasing the pressure of said

vac uurhetheemseid mhiingchamiber andsardyvasaie ohasobder. pl asna;
increasing said flowrate of said F2 to as second fl ow
rate while maintaining said flowrate of said inert

gis at ﬁélﬂideofté%h‘l‘@gei‘sﬁsﬁfﬁ‘t@ il @ vhduiBS caler,GhidSdétHod

secon low rate of said F2; and etching said

subst rcahprisitig,. thé\steps fod according to claim45, wherein

sai d m'xi.gg area is a renpte ;Pl as source. 47. A

net hodPTaBEBBAIABCT 820 4 IAYHE r%@rr‘%i_“ﬁt @%‘V&atﬁ’i Xi ng area

IS in:say r: .A nmethod according to

cl ai mlﬁg{aq%gﬁﬁﬁaséﬁg@ﬁéﬁﬁggé is selected fromgt he

gr oup movidingti2ngpsaf a firg dlow matet to cgidnixing areeoamehte a mixed

m xtures thereof. LLOYD WSE 25 49. A nethod

accor dl#¥& o0 clai m 45, wherein said step of increasing

sai d fihc?r\é’asriﬁé fhe flow rate of said inert gas to a second flow rate;
introducing said mixed plasma to said vacuum chamber;
increasing the pressure of said vacuum chamber while maintaining said mixed
plasma;
increasing said flow rate of said F2 to as second flow rate while maintaining
said flow rate of said inert gas at a rate between 3 and 10 times that of said
second flow rate of said F2;

and etching said substrate.

46. A method according to claim 45, wherein said mixing area is a remote plasma
source.

47. A method according to claim 45, wherein said mixing area is in said vacuum
chamber.

48. A method according to claim 45, wherein said inert gas is selected from the

group consisting of argon, nitrogen, helium and mixtures thereof.



of said F2 conprising ranping up said flowrate at a

rate no greater than 1 slpmper 5 seconds. 50. A

net hod according to claima45, wherein said second flow [|oypyse
rate of said F2 is in the range of 2 to 200 sl pm 51.

A met hod according to claim45, wherein said argon

flowis maintained at 4 to 8 tinmes the F2 flow rate.

52. A nmethod according to claima45, wherein said flow

rate of said inert gas is in 2Xhe range of 1 slpmto

20 sl pm 53. A nethod according to claimb52, wherein

sy, d A kAL fcOfdisiod1diRers, whefeir Said fep bhRicFagigg salfl flbw rate
slpmto 10 sl pm 54. A nethod according to claim53,

wher eiof saiali k2 ¢dnawising rempingsuri wid flewiratgata rate he)gregiee than 1
range ﬁé 2s n1t8 6 sl pm 55. A systemarranged to

per f orYRTRE" HE¢885 of any one of clains 45 to 54 for
etching substrates in a vacuum chanber, said system
conprising: a source of F2 gas; a source of an inert

gis;  aA methotbacchaiigeto ctanmds whdreirpsashsatosd tloweagfofgaid F2 is in

gas and to sai.d.s e of inert gas wherein said F2
gas aﬁge%gaofzé?gb@g@mreact to forma gaseous
m xture; and a vacuum chanber connected to said m xing

chanber and configured to receive said gaseous
M Ixt ur & mdthddviocudSig toaim6tS, Avhsiestt sad arngoo fldivnig magntained at 4 to

cl ai m 55, ftirt geﬁ congri sing an inert gas inlet tube
connect ey W% source of inert gas and said
m xi ng chanber, said inert gas inlet tube made froma

materi al selected fromthe group consisting of
52. A method according to claim 45, wherein said flow rate of said inert gas is in

the range of 1 slpm to 20 slpm.

53. A method according to claim 52, wherein said flow rate of said inert gas is in

the range of 1 slpm to 10 slpm.

54. A method according to claim 53, wherein said flow rate of said inert gas is in

the range of 2 slpm to 6 slpm.

55. A system arranged to perform the method of any one of claims 45 to 54 for
etching substrates in a vacuum chamber, said system comprising:
a source of F2 gas;
a source of an inert gas;
a mixing chamber connected to said source of F2 gas and to said source of
inert gas wherein said F2 gas and said inert gas react to form a gaseous
mixture; and
a vacuum chamber connected to said mixing chamber and configured to

receive said gaseous mixture.



ni ckel, Hastell oy, stainless steel, and conbinations
thereof. 57. A system according to claim56, wherein

is said inert gas inlet tube contains a packed bed of
thermally conductive material selected fromthe group
consi sting of nickel, Hastelloy, stainless steel,
copper, copper alloys, alumnum alum num alloys and
conmbi nations thereof. 58. A system according to claim
56, wherein said inert gas inmn%t tube has a dianeter
in the range of 1/2 inch to 2 inches. 59. A system
afpCor dA Bkt abd ARk 2 claith) SS,%Hh&Qﬂo%fﬁri@ﬁf tandAG ?:ﬁ' ifilet tube
tube has"a dianeter in the range o 1/5 inch fo 1

i nch. ®@necedhetween sk srudienaf inest gdsainchssig, minkreg chiambsnisaid inert

[ t inlet tybe h .dj of .3/4 | h..a61.
Aoy st SR Tlety Bt mae ot mer el et e e, oyl Fotiyistie of
heat erp; QQIMERERY | f8inled §ibelSAdboliMidiod@thetddifet t ube,

said heater beindg of a type selected fromthe group
consi sting of electrical resistance heaters, radiant
heaters, gas fired conpustion heaters, and . :
ot raPYOS apATiBg 0 CBgh S WORPB L beGERS inle tebesqpiains a
55, T Yok Ref bt UTMhdrifallg caiucavd Maftiaf WRR IR &
bet we ﬁ'@%{ sourceao CFZlbag an%lgéﬁd m Xi ng éﬁ%ﬁ%%r,
sai d Fnsistilgs ofinitdesl, Hastatlpyaaielesd steel naipper, adbppee bidaytsed
fromthe group, cansi sting of sapphire, dense al um num
oxi de, 2 HRERE, ,alwgv@wﬁlay% angh (@ R heE ¢ her eof .
LLOYD WSE 27 63. A system according to claim 62,
wherein said F2 inlet tube has a dianeter of 1/4 inch
t58. 3/ 4A isystdin abebrdifg s¢y slamb 6.oelamrein Bgidtinert pas inle6Bibe has a
wherein said F2 inlet tube has a dianeter of 1 /4
i nch tdiametepin; the pangg 9f 1/2Hacksipct i8fheccording to clai m
55, further conprising an outlet tube connected

LLOYD wisg

59. A system according to claim 56, wherein said inert gas inlet tube has a

diameter in the range of 1/2 inch to 1 inch.

60. A system according to claim 58, wherein said inert gas inlet tube has a

diameter of 3/4 inch.

61. A system according to claim 56 further comprising a heater communicating
with said inert gas inlet tube, said heater being of a type selected from the
group consisting of electrical resistance heaters, radiant heaters, gas fired

combustion heaters, and combinations thereof.

62. A system according to claim 55, further comprising an F2 inlet tube connected
between said source of F2 gas and said mixing chamber, said F2 inlet tube
being made of a material selected from the group consisting of sapphire, dense

aluminum oxide, nickel, Hastelloy, and combinations thereof.



bet ween sai d m xi ng chanber and said vacuum chanber.
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63. A system according to claim 62, wherein said F2 inlet tube has a diameter of

1/4 inch to 3/4 inch.

64. A system according to claim 63, wherein said F2 inlet tube has a diameter of

1/4 inch to 1/2 inch.

65.  The system according to claim 55, further comprising an outlet tube connected

between said mixing chamber and said vacuum chamber.



