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Sem conductor products are generally produced by ba\\im\ \\

processi ng steps that use gases to deposit or\\\“\\m
sel ectively etch sem conductor |ayers on subst

within in a vacuum chamber. Mst of the chemcal =~
by- products and unused reagents fromthese d

and etch processes are exhaustéd fromthe chammﬂlmwummm"m"
vacuum punp. However, sone residue unavoid
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vacuum chanber. To ensure hi gh device yield and
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the chanber. Usually the resi i s renoved using gas
m xtures containing a fl uoﬁwéﬁt ai ni ng cl eani ng

gas, the cleaning gas usually being diluted with argon
or helium [0002] One known net hod of cleaning a

v BAGKGROND OB THHhBWYENTIGNt 0 utilize renote plasna
source (RPS) technol ogy operating with NF3 plasnma. A
standard RPS apparatus and net hod are shown in Fig.
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P thenlntserlgp wtaﬁs gf the vacuum chamber. To ensure high device yield and

quality, the residue must be periodically removed from the chamber. Usually the
residue is removed using gas mixtures containing a fluorine-containing cleaning

gas, the cleaning gas usually being diluted with argon or helium.

[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



are renoved fromthe chanber via the vacuum system
conprising a punp 60 and exhaust stream 70. [0003]
When using the apparatus shown in Fig. 1, the plasnas
can be initially ignited wth pure argon and then NF3
is added in a flow range from 1-10 slpm The pressure
i's mai ntained constant, and the cleaning is conducted
at a constant flow 2 condition involving the NF3 fl ow
plus various |levels of Argon. Normally the argon flow
rate is less than the NF3 flow rate. [0004] One
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the .cost qf .the final, device. [0006] There remains a
need’ei(f?s gdé‘i‘{n%ﬁetf“hg? B8%enents in the field of PECVD
chanber cl eani ng. SUMVARY OF THE | NVENTI ON [ 0007] The
present invention provides for the use of F2 in the
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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.



cl eani ng. [0009] The present invention also provides a .
nmet hod for using F2 under high pressure to perform
substrate etching or wafer thinning procedures at a
hi gh etch rate. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS
[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 tion chanmber in accordance with the present
invention. [0013] Fig. 3 is a schematic showing a fl ow
schenme and sequence for in-situ plasnma clean of a
BREGSPESORIRTAND OF THEDRRAWINGSe with the present
invention. [0014] Fig. 4 is a schematic showng a flow
schenme and sequence for high rate wafer etching in
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i nkmown onthppoor des for the use of F2 in the process of
deposition chanber cleaning which is especially
effective if operated under high pressure conditions.
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cl eani ng applications. In accordance wth the present
i nvention, very high etch rates can be acconplished
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DETAILED DESCRIPTION OF THE INVENTION

[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.



Astronex RPS has a specified imt of power draw of -8

kKW This limt is reached when using NF3 at 6 sl mand

17.5 Torr. In contrast, by using F2, this |limt was

not reached even operating at 18 slmand 100 Torr. In

etch rate tests where stoichionetrically equival ent

flow rates, simlar system pressures and no Ar

di l uent were used, there was no statistically

significant difference in tthe etch rates when using

NF3 or F2. This is shown fromthe experinental data
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ition the effect of using F2 at different argon
dﬁ ?llbﬁr%s tested. It was found that by increasing
the argon content, higher etch rates are possible in
accordance with the present invention. Table 2 bel ow
Tabled| UBRh Rap¢€ofifpatifn experinental results. 5

Etch Rate (nm/s)
Parameters Mean Std Deviation N
3 sim F2, 1.8 Torr 8.33 1.079 8
2 slm NF3, 1.8 Torr 9.03 1.030 7
3 slm 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 particular, 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,




Table 2 -

Etch Rate Using F2 At Different Argon
Dilutions F2 Flow (sl pm Ar Fl ow (sl pnm) Chanber Pressure
(Tory)Etch Rate (nm sec) 321022.21 342028.90 36515. 98
3627.559. 69 3627.567.51 3627.556. 68 3627.546. 27
3627.542. 43 363040. 97 365082. 17 384096. 76 3920143. 41
3105086. 65 312517.52 3122049. 45 31227.550. 30

31250140. 31 31251191. 79 313.480185. 60 313.490159. 83
31460235. 09 31470249. 38 31470134. 27 31470148. 56

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 6 275 67.51
3 6 27.5 56.68
3 6 275 46.27
3 6 275 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 14856
3 14 75 252.83
3 14 80 161.06
3 14 80 171.97




31475252. 83 31480161. 06 31480171.97 6 31480116. 97
31485224. 53 31490253. 79 31490424. 05 31490211. 02
31495180. 84 31590168. 51 31670152. 45 3168010. 61
13169088. 39 3169080. 58 316100112. 23 31610866. 83
3188062. 12 31890124. 38 318100189. 98 318110129. 84
318120199. 01 318130125. 78 3208092. 97 3209077. 59

320100134. 72 ]

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 16 100 112.23
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
13 18 130 125.78
3 20 80 92.97
3 20 90 77.59
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




320110115. 52 32012091. 09 320130131.03 320140183. 73 _
320150138. 29 320160111. 30 320170287.97 3 20 180 154. 85
[0019] It was further discovered that F2 can maintain
"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 |nvent|on was shown by-
conducting tests on an interfferometer. The tine for
how long it took to renpve 335 nanoneters of materi al

3froma wafle20 was nmeasurggd for three differsg!
condi-tions. First a stlandard process runrning at 2 sl pm

of NF3 with no argon dilution and at approximtely 3

Torr produced an etch rate of about 11 nmisec. Next a

process running at 2 slpmof NF3 at increased préssure
[00f9]Zﬂw@ﬁfrtheﬂﬂﬁc&@réﬂrtﬁmzf %ﬁﬁtaﬁxpashlﬁﬁlé‘rlg?ﬁrd% P %ﬁgﬁjce is

an etch rate of about 78 sec
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grent eandifians, Fisgh arsandagt pracess runsdng at 2 slpm of NF3 with

no argon dilution and at approximately 3 Torr produced an etch rate of about 11

nm/sec. Next a process running at 2 slpm of NF3 at increased pressure of 20 Torr
and an argon flow of 6 slpm argon produced an etch rate of about 78 nm/sec.
Finally, the much faster etch rates that can be achieved in accordance with the
present invention were found but running a process at 3 slpm of F2 at 170 Torr

and argon flow of 20 slpm (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 a 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



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 chanber is an inportant consideration. In
particular, the direct introduction of F2 to a heated
chanber can cause damage to the chanber conponents
because of the reactivity of the F2 gas. Therefore,

it is necessary to cool the chanber prior to the

i ntroduction of the F2. This slows down processing

ti meyand | t of duct i op. ,
[ 00 PRt bk o 2 U B0l el i) Bieitie gasequs mixture
car rtg anetchingehaadestof dfry cuhie @esited e?&ﬁﬁ%{ athd¥@adtlfg % cgn be

n

con‘priseié,g0 the steps of . (a) reacting the F2 gas a
pr e FESHYPU Hpp iXing chynbestocreaigthegascous mixture and tietn (fokher in a

NATe ' t t chi h to. .
Car ridichpdBEa8 sl Kiotffc sbRioRbeRia g S0 HE b iner
be guar Thethetdas isprefefbly Agok,AFRAY bg %ﬂfrég g?sze?,os:i]lgﬁ as, nitrogen,
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charfspm, andpixfuees shesepfat e cont act between F2 gas and
he heated inert gas. The inert gas is preferably
argon, but may be other gases, such as, nitrogen,
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[0024] In operation, the preheated inert gas is
typically fed into the m xing chanber via any inert
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conductive mmlerria

as ricknlinertHgad fekd ape ceitainilgespackéEBed oftRémally conductive
conmbi nations ther e&;, Copper and al um num al | 0ys may
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no concern of contamination for the particular process. The inert gas 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
172 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 slpm to about 10 slpm, 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.



may be fabricated fromany suitable material capable
of carrying the inert gas, for exanple, nickel,
Hastel | oy, stainless steel, and conbi nati ons thereof.
The inert gas feed tube may have a dianmeter of 1/2
inch to about 2 inches, preferably, about 1/2 inch to
about 1 inch, and nore preferably about 3/4 inch. The
flowrate for the inert gas is about 1 slpmto about
20 slpm preferably 1 sl pmto @about 10 sl pm and nore
preferably about 2 slpmto about 6 slpm The inert gas
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thereof. The F2 inlet tube has a dianmeter of about 1/4
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al | ¢hvesFZ gas. tThe restionthamber 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.



normal el astonmer seals, such as Viton or Klarez seals,
wi t hout risk of damage by the F2 gas. The reaction
chanber is sized to ensure adequate contact between
the F2 gas and the heated inert gas, for exanple, the
reacti on chanber 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 m xture of F2 and high
tenperature inert gas, is thenodelivered through an
outl et tube to the process chanber for use as a

cI [ T t be sho

CSTUR) Mk 2/ehBhE DA RAEHE and MRl sp el raB e Ao

wi t hephsition blemmbedr) SuetcéleariigemiayBe easied Swﬂ Be@«bée% ruf€tdr Si02,
mat erj als . for the outlet tube 1 nclude t same

mat eVHCON Nikidy, uagstery ﬁmgls@@tﬂitﬁée,ttwstm&dtmdﬂmmﬁsdmon or the

2 Gty AR g3 5, A5 4R 201 882 s o
pl assfer debesitiowEhanbed PIRS 1 khéwws @ﬂéﬁ’%@lﬁem%&eﬁ{.\ﬁﬁg I high rate

may be carried out between runs for Si Q2, I con
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and nor the like. Sinmlarly, Fig. 3 shows
flagl@v S%L liﬁ%nr’ilamgea&?é’nce for in-situ plasma cl ean

of a deposition chanber. Fig. 4 shows a flow schene
and sequence for high rate wafer etching that would
bEXRP] In greatay detaih ghmswm@mman dFug i2dnetudds dni ggon source 201, a F2

pressur nd .hi ution u argon [0029] In
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conn egt ed to lrt?%:alv?) r g@éps? S%Sﬁg%lr%@%%%ﬂﬂ%@&ufﬂ)@m%%cer 207. One
contmahodfpr gpenatiomaccandingriopthepred@f inventive o206 sfién shown in

pressur.e. trgorlfducer 207. One nethod for operation
acc %I%‘Iléaf M- present invention of the system shown

in  Fi fhitidlyl theadpd ?(H ig‘g’ér% Ijoki%z!té/ly O;?Eg ERPS §<5ucer 207

set at appr OX| mat e orr on
whi ch wbrhrcohtsols arhl\ve 206 6n eacwoac piiip ROSTWIBRQR atbdn 1AW of 1-2

argon f {)r% oorIl a}go% 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.



sl pm from argon source 201. The plasma is then
initiated by RPS 203 using pure argon. F2 from F2
source 202 is then introduced and slowy ranped up
fromno flow at a rate no greater than 1 slpm

i ncrease per 5 seconds (i.e. ranping to 2 slpm should
take at |east 10 seconds). This hel ps the plasma stay
it while the fluorine is being added. Argon flow
rate is then increased to 10-20 sl pm or between 3
times and 10 tinmes the ultimte F2 flow for the

' i nbh
DBI00F By SinR AE Be s font, BECbEes® ElIR? 304 WillRE Bikped of
whi | serfied depabits. Yt the asdraf thesjdle, the BDSIWGS furR€off Ghen the

control valve 206__on_vacuum punp, 205 during or after

t he Rla§mp GHsregt o%ﬁggnzog lipimedoff angfinadly; srepw Hewds tymnedpdown.
t he on. t- size of the process
chanr‘foﬁégrdr%%lgc?wg5384&?%)%%%%%%8{1@?%m The argon flowis

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

By ,usi ng t he above sequence, the process
Eg(gﬂ%giﬁg)z/é,{ewngntwygqeghm sigplar tq them showreinddigt 3. Hawever,

th I .S, turned off. en.
o e Ele, 2 BecHEs & syl Bl oty laptly B2 g 4 d&Gribes o
fi nadybtym for geditul dleunings Ihipantiedlad GieIsyster6f FigO8l ieldd@8 an argon
process can then continue. [0031 ] Fig. 3 represents a

sy stSOHiCE SR, aidi asoures, eonmacted tanhe iprocesschambet-Biveheing

wh ' iho. stemusing a re e .pl asma

sour stofies A EEIIONEE oS GBTbET i Eorf eI fistBe & 555hum
cl eqninpgB05l, Ralpass erd ressutdRariiede BURS OfE thettdd BEbpERTON
an argon, source 301, and a F2 source, connected to

t he 35FQydngdo thepraiont moantinmafibe systearshovaeds Fig.G iaasifollows:

. j Il ed [
vacuuniitihe G5 R BeMpRnp 204 S0 abiar iRyt b dapr on
307. Onensdatdrda7fwiclogmtdls valve ﬁfé%r\ﬁﬁ'bﬁlﬁnéﬁgﬁ)@?%vgitha%n argon

present invention of the system shown in
f ol | owdow of 1-2 slpm from argon source 301.

The plasma is then initiated by the electrodes 310 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.



Initially, the process chanber 304 is set at
approximately 0.5-3 Torr on transducer 307 which
controls valve 306 on vacuum punp 305 with an argon
flow of 1-2 sl pmfrom argon source 301. The plasma is
then initiated by the el ectrodes 310 and 320 using
pure argon. F2 from F2 source 302 is then introduced
and slowy ranped up fromno flow at a rate no
greater than 1 sl pmincrease p&r 5 seconds (i.e.
ranping to 2 sl pm should take at |east 10 seconds).
oI008 SRS SR A st LRk a0 B Uit o
10- 20rfa¢qdaposith eAtvibe anBof theregclg ik AD flowviisrasnddeft, then the

ultimate F2 flow for the parficular process. The _
pr eSS Frept %glggtrcgf@gfﬂ)@im p 1s twraed o and finaldy, aggoaflow is

to Qg 0 T ' | i,ni ng pl asma,
usi ng p@gggguggr%goc@%%n@@g%s\r@‘g?ﬁ@gﬁgg&ggfg. on vacuum
u 305 during or after the ranp up of argon flow F2
punp g

fL(g)\g/' .i cLeased up to the full_ flow rate based on
t éi Ebg‘ gfs PV pyshiep ur capryingiont high aate wader efohing. dn ppsgter
I - PO . ti
eI P AER b i A b ) 4 FFSoure 02,

sequadaa RRS®OY) conesed thtripescesOchanibet 40ethat 8a68EoI0Id using a
surface deposits. At the end of the cycle, the F2 flow

i s tY@FHER PEIP 40Pnwaive #6 ang| pressaredtansdier 7. Pemethod dor
310 . [ Sq; f y , oR flowes .
tur nog ySh A U OBE e MRerlo Bt SRR ok B FlG 4 s oo

[ 00FBllows:g. 4 shows a systemfor carrying out high

rate wafer et chi ng. In greater detail, the system
shown Mitigyythe RS0 58t atapprogieately Orcd Togion tansducer 407

source , t .o the preces
chanber igpopfef Ve 08 i Lhou P BIRE 483 vt dniie A ¥ 1-2
405, vslpwefrdfiGrgonckopreed9us e transducer 407. One net hod

for operation according to_the ?re_sent i nvention of
the sydheriagmaitheminitizgied by RBS 493 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
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 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 is 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.



follows: Initially, the RPS 403 is set at
approximately 0.5-3 Torr on transducer 407 which
control s valve 406 on vacuum punp 405 with an argon
flow of 1-2 slpmfromargon source 401. The plasma is
then initiated by RPS 403 using pure argon. F2 from F2
source 402 is then introduced and slowy ranped up
fromno flow at a rate no greater than 1 slpm
i ncrease per 5 seconds (i.e. nanping to 2 slpm should
take at |east 10 seconds). This hel ps the pl as;ra st ay

r
r L0290 Byelntne iR sbdents  4RlsRH R L0 ofbftBld chMermperature
t i memnaodediifeatdricoeler 42(k nupltolcmtchatﬁﬂerftl%\wﬂldfe etdhed or thinned

ti | Th ressure of process chanber
Do L B e i ckpsbiae et rebisaAbEt it oot qishe cycle,
whi lige P‘E'ﬂ%% Rired foatﬁ&?the Asﬂ& Juhggg&gﬁﬁé 46% th d off and

control valve 406 oh vacu

t he firmily, arporflowrigtumndd domn. F]waﬂrﬁd\acltlén pmmdhéﬂbohﬁnue.
the full flowrate based on the size of the process
chanber 404, e.g. from 2-200 sl pm The argon fIOW|s

ngodggf"]“gg gre%nt%n\;eﬁtl&q LIRS skval aaszntao fo%‘ ﬁm rof processes

usi n ove sequence,

410 smdppnbe eati'rledl oat 1h@rmelétytdﬂeQu1 fRAt, r@hé ﬁﬁ/antaFe of the present
heat.er/ cool er 42Q,.in process chanber 404 wi |

etc Hé&enélpntlﬁhﬁh@astmgﬂtardwqrﬁ gartesised dn theisequenses ctpscnbed above,

I I t.he

t o b SERBNE cldafin Bt oY k. ik B B Clor g0t e
RPS oléxfirigs tHeltlcapbeeibd, veltich isfd ivmbtaductvesttibh 6F¢he Broduction
tur ned down. The production process can then continue.

[ 0035FleeaR bp sigaifisantiyedneadnd éhmfomvesféb@r@lghput of the
adv ae!aﬁlgﬁgeaxt t bealnxl%'ééeﬁt 33118{1&@% 5w SfeE etc@%cgsggsa ealb‘gh etch rate

carrie In a varl tyo

of tdeeomplishedby theprestit mmemtﬁmtdmaws g4 i inBxdadedh Nk Enber of
can be used in the sequences described above,
wafers per hour that can be processed and therefore a reduction in the overall cost

processing and equipment.
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



but at higher cleaning or etch rates. This nmeans that

for deposition chamber cleaning, the clean period,

whi ch is a nonproductive portion of the production

cycle can be significantly reduced and therefore

overal I throughput of the equipnment can be increased.
Simlarly, for wafer etch processes, the high etch

rate acconplished by the present invention allows for

an increase in the nunber of Ifafers per hour that can

be processed and therefore a reduction in ;réggieral

cost

e p LRI AR S WRITAL vac BB BRE e fBang to some
systreminam wee bt egdulapinsiredls meyl aifplamnbi\dfesduredthe po@8Bdrawn

th bot t f ich was connected to,a NW 100 spool

ot oI BBS VI micanredamaraarisd vishaAnkaMog8 418 power
B0/ 200 ey arer S RaRs el it b b M RS oy o e
way axcesiedthe plabima ouas lertinguishedn TMEPratets waeepeREDIR several

| as source., On the inlet side of the Astronex was

gn ﬁ@%ﬁrﬂ“ﬁé’lape‘ﬁa%‘i?y?@é‘?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.

[ (33] The BBStapetatiag wihdomw (Hresdtirey\ow ol #0IwasTeshdibettigch
plasnmg ignited. et flow rate of source gas (NF3 or
F2) ider Hap et P%ﬁ@i- HhedRRSepepitief powerdmudimit of 8&kW Was not
14 [ t .t .1 he vacuu
con?{ro ﬁgﬁg 55@ fl"&)t(}rs}mlgiaég{ég o@ﬁéﬁ’ vﬁ%\%%lﬂﬁ slgiltul%.reaﬂ ed when
r eguising NF3 atré/shsandrid. 2Torp) Whikdhip[de@SuF EB répiéiele Wither

drawn fromthe RPS (kW was neasured and recorded ~

wi t IPressye s flopueanditons thapesrrrent chripber cleaypsactise cibe wids
cau 1104 7 . PS (10. k to,be
exczggaéﬁd%? @rts he p{ﬁgggﬁ%g%sﬁ@%?l} Egﬁ&g ecge.a‘quﬁi dﬁ&gcxé@@ further
was dispesetddlomor several flow rates and data was
col l ected. [0038] The RPS operating w ndow (pressure,
flow for F2 was found to be nuch

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 SiO2. 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
SiO2 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 SiO2 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.



wi der than that of NF3. The RPS specified power draw
limt of 8 kWwas not breached for F2 up to 18 sl m
and 100 Torr, wherein the limt is reached when using
NF3 at 6 simand 17.5 Torr. Wile this data for F2
represents higher pressure and flow conditions than
current chanber clean practice, the wide paraneters
were investigated for their effect on cl eaning and
etch rate as further discussdd bel ow Experinment 2 -
Et ch Rate Conparisons [0039] The apparatus descri bed
in Experinment 1 was used, except that the 4 way cross
was replaced with a 6 way cross. A renovabl e,
vvﬁQQé’rOJ (A(S(l:’mm abgaé ,dhis chpm’imel:mlshowmmahéleds ?dﬂ st@ﬁ?hcﬁﬂ? bignificant
The ck was, des 0 sanpl es of wafers
coat(ﬁﬁuliﬁf’fenmfhﬁﬁlicgg%q f“ﬁ’s‘fsétfgd@éga K2 wbetssiichipmepsisatly
ukal

G r o A e A T Sy o Eeshiah 854 5 ATBH ko Eusea
Fl ows and pressure wer e mani pul ated as outlined beI ow
a d etch rat V\Bre measured and recorded in the

EPlzaAO‘} aser of wavel ength 670 nmstrikes
t I t. t.he |
aﬁdftl %8 t%gﬁnﬁn%ggré %%IL rr]gr‘égu §lgn F‘)&)Qleed i Pelgtl\fe tE3mms. I etch rate
r ef Ioe)me&pbnkhr@'tb lﬂﬂ% WMebmHB slbrwlekt etdH faRy oblserived 3rGl rfis,
cancel. each ot tc ocess causes the
Si oér’ forrep tPﬁF %TF‘ rtﬂhgz é\%‘aﬁwmrsmsme was setde §y5 Torr
wi || ey k i the, ti .
Pt v SR aoRE 3 The Rl SHASSpudERRY) brintGis 4 Showm in
nn shabldst3h4e@adh. wavel ength representing a -335 nm
change in thickness. Results of this experinment are
shown in the Table 1 above. 15 [0040] As noted above,
t i X that there is no statisticall
!me <PRE3 @ﬁ,gh@dgfaws Hy

signi |cant rence in the etch rates when using

NE@ndard Raimwh EA&’I\HJB(RatibI QrigédsuedTod) | TR RAE P of run 2)
t : pressures andlno Ar diluent are
hded. Experif@nt 3 - Opt|/i%d zation |127.5

2 3 5.5 100

3 0 20 4427

4 3 20 868.2

5 0 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




runs,

TabléBLa220ptihiZafy | M zation Standard RunAr/ NF3
g

[0041 ] During optim zation etch rates were conpared
inrelative terns. The etch rate corresponding to
100% was set as the slowest etch rate observed for
whi ch corresponds to standard run #2 for NF3
where pressure was set to 5.5 Torr and Ar / NF3 ratio
to 3. The results of the optim zation experinents are
shown in Tables 3, 4 and 5, Table 3 - NF3

Optim zation Standard RunAfY NF3 Rati oPressur e
(Tort)Rel ative Etch Rate (% of run 2) 105.5127.5

235. 5100 3020442.7 4320868.2 5012. 75304. 4 6312. 75358. 7
71.55.5127 81.520603.1 91.512. 75303. 6 101.512. 75460. 6
111.512.75327.8 121.512. 75373.4 131.512. 75316.1 16

al |

tioPressure (Torr)Relative Etch Rate (% of run 2)

StaddB@BAn5 2ABNFS3 Rauti805P3ésdur2 (Torr) | Relative Etch Rate (% of run 2)
1 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 2 275 459.7
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 result for NF3

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

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




44501264. 3 5027.5361. 2 6427.5528.4 725169. 4 8250863. 4
9227.5459.7 10227.5459.7 11227.5680.8 12227.5737.5
13227.5643.6 . Table 5 - Optinmal Etch Rates Source
GasAr/ Source Gas Rati oPressure (Torr)Rel ative Etch

Rate NF3 (optimal)320825 NF3 (RPS limt)317.5679 F2
(optimal )4501208 [0042] Two results for NF3 are shown

in Table 5 because the optimal result for NF3 was

obt ai ned at a point where the RPS was operating beyond
its specified imt. During optimzation a

st at kegsibftad sk e gﬁﬁ@%fmp&ﬁhmeﬁdmmes ¥Rl &Bnded for F2

pressure and Ar diluent ratio at constant
st oi beyenddhoseswed for &G Vd @ntbefsbm/\mr'léibw ,wptimal etch rates were

I pul at Th d rat.i
 naSHRdt pS3f N3S e 8 2 PR B30 eesrurehind B (¢ dypent ratios.
the oRMeFbE e Plintlkich ki’llt@ ?orW@asedftl@aﬁfj%% hWhef alafl that of NF3.

beyond t hose used for NF3. can be seen In
opt i Adithespeeificdiiont WetheRPSahmoptfrml elohtrateNE F2 ave amasnt?s%

reI a ely hi sures and high Ar diluent ratios.
Eg\ﬁ %ﬁ‘é”%ﬁ?%@? etch rate for F2 was at |east 46%
h| gher than that of NF3. At the specified |imt of

the RPS the optimal etch rate of F2 was at |east 78%
[0043] The above experiments were relatively narrow in scope. In other experiments

noted above, pressures up to 170 Torr were shown to be possible for F2. It is
believed that even higher pressures up to 300 Torr or more, may be possible and
could increase etch rates even further. As noted above, the ratio of argon to F2
can be in the range of 3 to 1 up to 10 to 1. More preferably, a ratio of 4 to 1 up to
8 to 1 of Ar to 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] 1t 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.



hi gher than that of NF3. [0043] The above experinents
were relatively narrow in scope. In other experinents
not ed above, pressures up to 170 Torr were shown to be
possible for F2. It is Dbelieved that even higher
pressures up to 300 Torr or nore, may be possible and
could increase etch rates even further. As noted
above, the ratio of argon to F2 can be in the range
of 3to 1 upto 10 to 1. Mrel®preferably, a ratio of 4
to lupto 8tol of Ar to F2 may be used in

hﬁ ance wWith the present invention. H gher ratios

al'so be possible and useful. The nost preferred
paraneters for the present i nvention are currently

believed to be pressure reater tha Tor.r,
Tht | osAdnetapd o5 Clegnipg g lteqpayﬁcgum&ﬂgmgf q]me?lpéi utilizing F2

prese Tdpe use of F2 under
hi gh gélg%@%%gﬁgreetg%ﬁﬁ ﬂutl on wth a gas such as

Ar, for purposes of dep03|t|on chanber cleanlng In
addition, the very hi g h rat.es .that can
aghi evédn?tho%&"&Squi W”c wiieEein spid PESSULE IS, ﬂ’?‘l Zé)nT%gf 170

be useg for surface etching operations. [0045] It is
anti ci pat ed that other enbodi nents and vari ations of
the present invention wll becone readily apparent to

h killed he | ]
WDy | AOROR AEOBRBIESS aim bfliher Lz AiEnL oo Selegigd from the
enbodi E&ﬁéiof’mgl a.?%ogloﬁr;ﬁr\%éﬂ EMhR Gnd BrikibdsUA&EoS,

W thin scope ntion as set out in the
appended clains. 18 CLAIMS 1. A nethod for cleaning a

dep05| tion vacuum chanber, sajd net hod u il.izin
phas rraAd!letbPé%@F@gg@?%‘%? ‘YlFFéﬂni]@FPF‘H dil“e"/&gﬁ%{‘:’ﬁ?dls in the

accor dj I 1, wherein said pressure is from 20
Ton to%’%ﬁ)gggﬁl t@éﬂ‘lA nmet hod according to claiml,
further utilizing a diluent gas selected fromthe

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.



group consi sting of argon, nitrogen, helium and

m xtures thereof. 4. A nmethod according to claim 3,
wherein the ratio of diluent gas to F2 is in the

range of 3:1 to 10:1. 5. A nethod according to claim
4, wherein the ratio of diluent gas to F2 is in the
range of 4:1 to 8:1. 6. A nethod according to claimb5,
wherein the ratio of diluent gas to F2 is 4:1 and
said pressure is from20 Torr ¥o 170 Torr. 7. A nethod
for etching a substrate in a vacuum chanber, said

met hod utilizing F2 plasma at pressures greater than
20 Torr. 8. A nmethod according to claim?7, wherein
saild prasathas dogordingrto 2tpimd} whersin the ratimof diluept gasttd153 is in the

according to.claimy, further utilizing a diluent gas
sel ect eragger(gfr%qi ﬁoem'g'r oup consi sting of argon,
nitrogen, heliumand m xtures thereof. 19 10. A nethod

according to claim9, wherein the ratio of diluent gas
t ol1F2 A methadmascondingfe ctim3:0] whereinothe ratiblof diuaettgas tb F2 is in the

according t 2l aim 10, wherein the ratio of diluent
gas torﬁ'ggelogf‘fL?Qgg' range of 4:1 to 8:1. 12. A nethod

according to claim11l, wherein the ratio of dil uent

gas to F2 is 4:1 and said pressure is from20 Torr to
1712 TorA metlid axcondingdd ciimd|lewhensin the dativosfidiluont gaa talizns 4:1

chanber; .sai d nethad.co .sin e _steps of:
o ovi it B TR AR E LSk R b P eahe & ¢ vt
flowrate; initiating a plasma using said inert gas;

providing F2 gas at a first flowrate to said m xing
arka t oA erethadeofzlennigh depbsitiomyacuum chamber; said method comprising

the steps of:

providing an inert gas to a mixing area at a first flow rate;

initiating a plasma using said inert gas;

providing F2 gas at a first flow rate to said mixing area to create a mixed
plasma;

increasing the 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 cleaning said vacuum chamber.

14. A method according to claim 13, wherein said mixing area is a remote plasma

source.

15. A method according to claim 13, wherein said mixing area is in said vacuum

chamber.



increasing the flow rate of said inert gas to a second
flowrate; introducing said m xed plasm to said

vacuum chanber; increasing the pressure of said vacuum
chanber whil e maintaining said m xed plasng;

increasing said flowrate of said F2 to as second fl ow
rate while maintaining said flowrate of said inert

gas at a rate between 3 and 10 tinmes that of said

second flow rate of said F2; a¥d cleaning said vacuum
chanmber. 14. A nethod according to claim 13, wherein

said mxing area is a renote plasm source. 15. A

nmet hod according to claim 13, wherein said mxing area

i sl6.n shimethaicacoondingtavizém. 1320 hd6in saidieetigds Boelordi figm the
to claim13 reip said.inert S, sel ected from

Lhe' orBu tauBag phaeSh i, bl BRI e foproing

m xtures thereof. 17. A nethod according to claim 13,
wherein said step of increasing said flowrate of

sali’d F2A oethmd @bo@imlcmlahlg 13pwherieth faicostep of iac:aasiag saidi dlow rate

no gre r. er 5 seconds. 18. A ne

accor dﬂfé ﬁ ‘TOQ?H’HS &gé*wagj;ﬁ?y’?éﬁatrﬁmﬁ W%&%thaﬂl
of sai kg pksSs g&ong@e range of 2 to 200 slpm 19. A

met hod according to claim 13, wherein said inert gas

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

20.. A thod ccordin o cl al erel said flow o
ol of A smfipd %&?r@lf@&g cfadm; 14, w FF@‘WS&%%C% fHow rafgof gpid F2 is in

20 sl pmy, ?a]q Af cording to claim 20, wherein
sai d roSvr f g?asalﬂﬁ@nert gas is in the range of 1

slpmto 10 sI pm
19. A method according to claim 13, wherein said inert gas flow is maintained at 4

to 8 times the F2 flow rate.

20. A method according to claim 13, wherein said flow rate of said inert gas is in

the range of 1 slpm to 20 slpm.

21. A method according to claim 20, wherein said flow rate of said inert gas is in

the range of 1 slpm to 10 slpm.

22, A method according to claim 21, wherein said flow rate of said inert gas is in

the range of 2 slpm to 6 slpm.

23. A method of etching a substrate in a vacuum chamber; said method
comprising the steps of:
providing an inert gas to a mixing area at a first flow rate;
initiating a plasma using said inert gas;
providing F2 gas at a first flow rate to said mixing area to create a mixed
plasma;

increasing the flow rate of said inert gas to a second flow rate;



22. A nethod according to claim21, wherein said flow
rate of said inert gas is in the range of 2 slpmto 6
slpm 23. A nethod of etching a substrate in a vacuum
chanber; said nethod 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 m xing

area to create a mxed plasnmsgil increasing the flow

rate of said inert gas to a second flowrate; 21

| nt r 0dugirBihchll Sidlibed HARITE hil viahth Ve chanber

i ncreasi ng the pressur f sal vacuum chanber while

mai nt aiincnegsingihd présxerd of pdid yaaum chandes ivhie smirntaibingwaid mixed
rate of .said F2 to as second flow rate while

mai nt alm?ﬁ%a’ said flowrate of said inert gas at a

rate b [

ate ofSermeyAl ol Tl AL a°ksh HoydEE3eyhAMtaining
met hod saskfbowdiratg of snid irzitrgad 3t a whebetweershiamtl 1O timegthat edsaid

is a renote plas ou . 25. A method according to
cl ai m 7§ Q%F%HQgﬁ&&ﬁf&i ng area is in said vacuum
chanberand2hidy SR adiraccording to claim 23, wherein
said inert gas is selected fromthe group consisting
of ar gon, nltrogen hel i um and m xtures thereof. 27. A
hod r to cl aim erein sai.d step of
| 4 cashF 0%05 oG o S 2 WSt sest BEVIRS pisf sp remote plasma
ran'p| NgoUResaid flow rate at a rate no greater than 1
sl pm per 5 seconds.

25. A method according to claim 23, wherein said mixing area is in said vacuum

chamber,

26. A method according to claim 23, wherein said inert gas is selected from the

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

27. A method according to claim 23, 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.

28. A method according to claim 23, wherein said second flow rate of said F2 is in

the range of 2 to 200 slpm.

29. A method according to claim 23, wherein said argon flow is maintained at 4 to

8 times the F2 flow rate.

30. A method according to claim 23, wherein said flow rate of said inert gas is in

the range of 1 slpm to 20 slpm.



28. A nethod according to claim23, wherein said

second flow rate of said F2 is in the range of 2 to

200 sl pm 29. A nethod according to claim 23, wherein

said argon flowis maintained at 4 to 8 tines the F2
flow rate. 30. A nethod according to claim 23, wherein
said flowrate of said inert gas is in the range of 1
slpmto 20 sl pm 22 31. A nethod according to claim

30, wherein said flowrate of aid inert gas is in

the range of 1 slpmto 10 slpm 32. A nethod accordi ng

t 316! ai MrdihodMe86:idY t6 i B00WhERIsaRf 9% réle bPEIid ir¥Soas is in
isin the range of 2 sipmto 6 slpm 33. A systemto

cl eani rte range pb s isipiote Mestpram chanber, said system
conprising: a source of F2 gas; a source of an inert

gas; a m xing chanber connected to said source of F2

gagp. anda HRHRA A4cSHAHAS cRim I1NFhbreBARIIGH $4B 0B &ifl irfeft gasis in
gas and said inert dgas react to forma gaseous

m xt ur ehe sange af 2 alpoutm célpmber connected to said m xing
chanber and configured to receive said gaseous

m xture. 34. A systemaccording to claim 33, further

c ris ; : ‘i o
o S o b L o R B SR hprising
i nert agmerderdfd? gastbe made froma material sel ected
fromthe %rou consj sting of nickel, Hastell oy,

st ai nl &SYUEFS PN LS onbi nat i ons thereof . 35. A
syst em A6 60ASHERSeP oSt idd %sai{‘%ﬁfrﬁée%f F5gaiahd 1d Fbﬁé)i/ Source of

gas inlet tube contains a pac of "t her ma
conductinert gasawhereial sasldf gasadd faid mdrhgasgeastito form a gaseous
consi sting of nickel, Hastelloy, stainless steel,
copper}ntHEQFmalloys,

a vacuum chamber connected to said mixing chamber and configured to

receive said gaseous mixture.

34. A system according to claim 33, 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.

35. A system according to claim 34, 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.

36. A system according to claim 34, wherein said inert gas inlet tube has a

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

37. A system according to claim 36, wherein said inert gas inlet tube has a

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



al um num al um num al | oys and conbi nati ons t hereof.

36. A systemaccording to claim 34, wherein said inert
gas inlet tube has a dianeter in the range of 1/2
inch to 2 inches. 37. A system according to claim 36,
wherein said inert gas inlet tube has a dianeter in
the range of 1/2 inch to 1 inch. 23 38. A system
according to claim37, wherein said inert gas inlet
tube has a dianeter of 3/4 irBh. 39. A system
according to claim 34, further conprising a heater
communi cating wth said inert gas inlet tube, said
heat er being of a type selected fromthe group

cABsi stA syptamh aedoeding iacclhin 33 ivetteagin eaitl ézdregas, inletiba has a
heat ers conbusti on heaters, and

conbi nﬁ‘?ﬂ%gr?%?m 40. A system according to claim
33, further conprising an F2 inlet tube connected

bet ween sai d source of F2 gas and said m xi ng chanber,
sai% F2A systeam ataobding tred:laim %cferthﬁr campasiggiadiea®et@umenicating

fromthe COI’]SI ire, dense _.alum.nu
oxi de, ‘Vﬁﬂg #Pne &ggf’ G%E%Erb gantgp? Felpies from the
41. A SYSIFBmfs6Rg gf agctﬁé’al‘i’éﬁét'.{ﬁcé@eatmefa@iaﬂt ﬁ@a‘téils Fg%s fired
inlet tube has a dianeter of 1/4 1 nch

42. A spstbestiaclaatals, agd tmnbinailmnscthc;rcw]er e| n sal d F2
inlet tube has a dianeter of 1 /4 inch to 1 /2 inch.
43. The system accordi ng to claim33, further

COopr i sk E_‘Qs n%}fei' altdk Jgﬁg bn §9HIRR %‘%ﬁ}ggﬁ%ﬁﬁ%ﬁ 'FZSiﬁ‘fefjtube connected

m Xi ng C vacuum c A system
for et djemqpnssainlsioum;s@sf FR rgagandbsaid mmxihg ofesher ssaiddF2 inlet tube
system conpr i a soyrce_ of an

ing: a.sou as;
Cmert | 2 mads %?%fﬁatéﬂélrﬁﬁ Pteégm%@@%amtpoc@aasan%ﬁiﬁaeghlre dense
of F2 Oasmith 348 Hidket AMstefoPland combinations thereof.

41. A system according to claim 40, wherein said F2 inlet tube has a diameter of
1/4 inch to 3/4 inch.

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

1/4 inch to 1/2 inch.

43,  The system according to claim 33, further comprising an outlet tube connected

between said mixing chamber and said vacuum chamber.

44. A system 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



inert gas wherein said F2 gas and said inert gas react
to forma gaseous mxture; and 24 a vacuum chanber
connected to said mxing chanber and configured to
recei ve said gaseous mxture. 45. A system according

to claim44, further conprising an inert gas inlet

tube connected between said source of inert gas and
said m xing chanber, said inert gas inlet tube made
froma material selected from24he group consisting of

ni ckel, Hastell oy, stainless steel, and conbinations
ther eOfa vt BumAhaMB ECOnAGIE i saRl Iﬁﬁmfé ﬁiambéﬁand/@ﬁﬁ'ggﬁd to
is said inert gas inlet tube contains a packed

t her maltegeivosaiidigaseows mixtwei al sel ected fromthe group
consi sting of nickel, Hastelloy, stainless steel,

copper, copper alloys, alumnum alum num alloys and
CURi Nak ispiém aB&Ir8iak to Hidim Ad Sﬂziﬁh&r@oﬁﬁ)‘h@fn%' A ndrP g iRieMube
45, whereln said inert gas inlet tube has a dianeter

in the qoangéedabetw;eeaa japt$ouree of inert gassind 48id niixgesthember, said inert

tibe. i i Rom { Watrfh sefbelon o hekiun Gprpisting of
| noh. - 4k FARIRA ARAREARA, ) Bhiikibhs mehetel n said

inert gas inlet tube has a dianmeter of 3/4 inch. 50.
A system accordi ng to claim45 further conprising a
i.nert as i nl et

t it h
ot R SRRt aE o il 5 Subersib B4 Bkt dhe Mgt ontains o

consi Stﬁa@laed)ﬁededﬁﬁérﬁiaﬁ‘}‘ Eoﬁ(ﬁt%h% ﬁ‘iﬁ&ﬁaf‘s‘:‘e@éc?erdsfrorﬁ it &Bhp
heaters, gas fired conbustion heaters, and

conbi natonsisting érielodl,. Hzfslello;}, stgaslemtmiwpﬂcm gopper ellaism
44, fur her conpri.s an F2 inlet tub nected
betweertEl Ry @ 8“‘6‘1‘3119?5 aéswg}mmélgpa ng chanber,
said F2 inlet tube 25

47. A system according to claim 45, wherein said inert gas inlet tube has a

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

48. A system according to claim 46, wherein said inert gas inlet tube has a

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

49. A system according to claim 47, wherein said inert gas inlet tube has a

diameter of 3/4 inch.

50. A system according to claim 45 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.

51. A system according to claim 44, further comprising an F2 inlet tube connected

between said source of F2 gas and said mixing chamber, said F2 inlet tube



bei ng made of a material selected fromthe group

consi sting of sapphire, dense alum num oxide, nickel,
Hastel | oy, and conbi nati ons thereof. 52. A system
according to claimb51, wherein said F2 inlet tube has
a diameter of 1/4 inch to 3/4 inch. 53. A system
according to claim52, wherein said F2 inlet tube has

a dianeter of t/4 inch to 1 /2 inch. 54. The system
according to claim44, further25conprising an outl et
tube connected between said m xing chanber and said

vacuumyehatisde of a material selected from the group consisting of sapphire, dense

aluminum oxide, nickel, Hastelloy, and combinations thereof.

52. A system according to claim 51, wherein said F2 inlet tube has a diameter of
1/4 inch to 3/4 inch.

53. A system according to claim 52, wherein said F2 inlet tube has a diameter of
1/4 inch to 1/2 inch.

54.  The system according to claim 44, further comprising an outlet tube connected

between said mixing chamber and said vacuum chamber.



