- Fluorine container The present invention clains benefit of European
patent application N 10168435.5 filed on July 5th, 2010 the whol e content
of whi ch We 20r004196r at ed herein for all purposes. PCHEPRIIGHETIVS

i nvention concerns a container for supply of fluorine 5containing gas, a
met hod for supply of such gas and a sem conduct or manufacturing plant using
t he contai ner. Mol ecul ar fluorine cohtaining gas is used inter alia in
t he sem conductor industry, for exanple for cleaning process chanbers, for
exanpl e CVD chanbers for manufacture of flat panels or manufacture of

phot ovol tai ¢ 10el enent s. It ha&luen népund a container which is
particularly suitable to provide nolecular fluorine containing gas to
applications or plants as descri bed above. The invention concerns in

consequence a tube trailer conmprising from35 to 92.5 vol % of nol ecul ar
fluorine. The nol ecular fluorine is contained in a gas 15conprising it the

term"gas" is intgrchangeable with the term'"gas m xture" unless the gas is
composed of 100 94 Bf PRSI Fiyeatig ety bae B deiltaest PRESPHGEIN on concer ns
a tube trail eN°dOME843sisnicdbn Uelgst”, 2oV thy kihott donadnk yf whizhedinbedpbomedoody
cont ai ni ng thﬁlg@ﬁ%fgggﬁiﬁing from35 to 92.5 vol % of nolecular fluorine

v
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wherein the interna unme of the nolecular fluorine containing gas

cont ai ni ng space ®he pivecrtt ibentiomidnsemaesondineg faroupig of lventd on is at | east
1 n8 perhgf | O%IQQiﬂMl@eg%g,da WORbES o %?ﬁ%ﬁs%?a%&ﬁﬁ%ﬁ&%té@ be in contact

with the gas are pmde of or coate t erial resistant to nol ecul ar
fluorine. ShoPRndBsEFNgPlaphudng theCoBRHR ngs 25Fi gure N 1 shows a | atera

view of a tube traidl&ulagrofif &ﬁltzﬁiﬁing_@%s issed idt@hlia in thefse@idoaditgr shows a
frontal view of tybe trailer according to the ipventian i ng tubes and
Saf oty devi ceBHBBIBLE TS Er SRGUNP A P r A e BB Ghpport 17 ame.
chambers for manufacture of flat panels or manufacture of photovoltaic
10 clements.
It has now been found a container which is particularly suitable to provide
molecular fluorine containing gas to applications or plants as described above.
The invention concerns in consequence a tube trailer comprising from 35
to 92.5 vol % of molecular fluorine. The molecular fluorine is contained in a gas
15  comprising it the term “gas” is interchangeable with the term “gas mixture”
unless the gas is composed of 100 % of F.
In a preferred embodiment, the invention concerns a tube trailer
comprising at least one cylindrically shaped hollow body containing the gas
comprising from 35 to 92.5 vol % of molecular fluorine wherein the internal
20  volume of the molecular fluorine containing gas containing space of the tube
trailer according to the invention is at least 1 m’ per hollow body, and wherein
parts which are supposed to be in contact with the gas are made of or coated with
material resistant to molecular fluorine.
Short description of the drawings
25 Figure N° 1 shows a lateral view of a tube trailer according to the
invention.
Figure N° 2 shows a frontal view of a tube trailer according to the
invention having tubes and safety devices mounted in rectangular (4x3)
arrangement on support frame.
30 Figure N° 3 shows a frontal view of a tube trailer according to the

invention mounted in rectangular (4x2) arrangement on support frame.



30Figure N 3 shows a frontal view of a tube trailer according to the

i nvention nounted in rectangul ar (4x2) arrangenent on support frane. 2 -
Fi gure Nwozhvw4®sfrontal view of a tube trail er accor @CREPR@ 1078
invention nmounted in triangular arrangenent on support frane. Detail ed
description of the invention It has been found that the tube trailer
according to the invention allows for 5particularly efficient supply of
fluorine gas having high efficiency in its intended uses, in particular for

medi umrequirenents (e.g. 5 to 100 tons of nol ecul ar fluorine/year based on
100 % ol ecul ar f Figord Ney shemitie froaebeisvatiladuboiitior pesesdiog taticet y and
toxicity. inventidh ItnbﬁntwH?trffaﬁgllhreirra%g&ﬁé&'oﬂg;ufaﬁbr% figmbnvention, the

r emai nder he E?S 10conp éll ng nol ecul ar fluorine generally consists or
consi sts esse fadie ﬂefff’lpéfﬁni% £ggdon Typically, inert gas wll

substanti al | y not Ittaabdéenotihd that elemdl@rtraﬁleuwdofmm@to thgidiventiod ammrtat ure.
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e ro ereof. In one

gas is select ni trogen and m Xt uf es t
particularly ﬁ%f@tﬂ’élﬁﬁé%l@ﬁbodl ment, the inert gas is argon. |In another

particularly pr efﬁfﬂl@@u&rfml@f mﬂidlngf&ﬁthé RREhti@A%hd BmAiddePgRRe g&0l N the tube
trailer according.to th {;rﬁntl on, ﬁy%as of ten conpris | ecul ar

fluorine ith aROTRBURE Medgter flgorgre WF@ ARSIEY OV ANSHES <53 1@’#%8{%% equal to

or nore than 8@rtvpk. % and nore preferably to or nore than 85 vol % In the

tube trailer accoﬁ%lgg%?neﬁ'th as v&m{%ﬁ% t&lttlall%rﬂg 1%@& V?Ltr?lg ﬂrrlpﬁuq?}% preferably

nol ecul ar fluorine
equal to or Iemblezstemrmevﬁka%mdf mﬁablepn@t garsa:baly selgefat! fom lmﬁrhulrress t han

about 90 vol r{emﬁag fén()ﬁdnﬁryg&l 411@6}@ erPr@foQBU AR chaliRiS: Mh@g aCONprises
from80to 92 b of uor.i ne. till nore preferred tube trailer
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embodiment, the inert gas is argon. In another particularly preferred
embodiment, the inert gas is nitrogen.

20 In the tube trailer according to the invention, the gas often comprises a
molecular fluorine in an amount equal to or more than 50 vol %, preferably equal
to or more than 80 vol % and more preferably to or more than 85 vol %. In the
tube trailer according to the invention, the gas often comprises a molecular
fluorine in an amount equal to or less than 92 vol %, preferably equal to or less

25  than 91 vol % and more preferably equal to or less than about 90 vol %. A
preferred tube trailer comprises a gas which comprises from 80 to 92 vol % of
fluorine. A still more preferred tube trailer comprises a gas which comprises
from 85 to 91 vol % of fluorine. An especially preferred tube trailer comprises a
gas which comprises about 90 vol % of fluorine.

30 In a particular preferred embodiment, the composition is 90 % vol fluorine
and 10 % vol Argon. In another preferred embodiment, the composition is
90 % vol fluorine and 10 % vol NFs. In a third preferred embodiment, the
composition is 90 % vol fluorine and 10 % vol Ns.

The tube trailer according to the invention comprises generally at least one

35  cylindrically-shaped hollow body having at least a valve for charging and



and 10 % vol Argon. In another preferred enbodi nent, the conposition is 90
% vol fluorine and 10 %vol NF3. In a third preferred enbodi nent, the
conposi t WA 2082/@819% vol fluorine and 10 % vol N2. PCT/EPT#18/06100%
trailer according to the invention conprises generally at |east one
35cylindrically-shaped holl ow body having at |east a valve for chargi ng and
3 - discharging gas. The holl ow body or-a-plurality of holl ow bodi es may
suitably be nounted on a support frane or contained in a second contai ner.
According to one enbodi ment, the hollow body or holl ow bodi es are nounted
on a frame whisphdrginggant Ber srloar badyek 2 rdvraliy affhollew bodise sradutidbln 5Svehi cl e

whi ch contai nge %ﬁﬁﬂeé oﬁ'&%ublaorﬂﬁrﬁﬂngB?Qoﬂtéln@&mpdlie'c&‘i’d &mhindy a truck, a cab
or atractor. Usual w,.bodi es and t he firmy connected
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nmounted o ont ai ont a ner
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for exanpl e, ar#tragks. @sudp, the hallqwbcdles andTthe fratheane ﬁgelyafonsm&dta cont ai ner
is that it capbgifansported (when nmounted on the vehicle) via land
transport, and when renoved fromthe vehicle, by train, via sea transport

or via air transpdceordmette anotherenghodinaeiiethe fubedrailehel th gwycaiion eanirins
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In this case, ent| cal
shape and di nthesicbise) via land Gamrpot] ¢Iy‘1 wlnehneretnotv@d frpmtthe ndnclvmwtmngflat he

mol ecul ar 1l ugi t%sﬁmmlglaﬁgma@pwmai mmnﬁam&@s &fth& Bigo tothgntpai ler
accor di ng to the invention is at |east ﬁg | ow body. Preferably, it
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lengths, 20-ft (6.1 m), 40-ft (12.2 m), 45-ft (13.7 m), 48-ft (14.6 m), and

53-ft (16.2 m). The width often is 8 ft (2.44 m).

If the tube trailer comprises a plurality of hollow bodies, it preferably

comprises from 4 to 64 hollow bodies, more preferably from § to 16 hollow
20  bodies. In this case, the hollow bodies are preferably of substantially identical
shape and dimensions.

Generally, the total internal volume of the molecular fluorine containing
gas containing space of the tube trailer according to the invention is at least 1 m’
per hollow body. Preferably, it is from 1 to 5 m’, preferably from 1,5 to 3 m’ per

25  hollow body.

Generally, the total pressure of the gas (or, expressed otherwise, gas
mixture) in the hollow body may be up to the test pressure which depends on the
kind of hollow body applied. Commonly, the test pressure of such bodies is in
the range of 300 bar. Preferably, the actual pressure in the hollow body allows

30  for a safety margin and is more preferably not greater than 70 % of the test
pressure. Often, the partial pressure of the molecular fluorine in the molecular
fluorine containing gas in the containing space of the tube trailer according to the
invention is from 5 to 30 bar, preferably from 10 to 28 bar.

The tube trailer according to the invention, in particular parts thereof which

35  are supposed to be in contact with gas such as, if appropriate, hollow bodies,

valves and lines for charging and/or discharging gas are suitably made of or



Generally, the total pressure of the gas (or, expressed otherw se, gas

m xture) in the hollow body may be up to the test pressure which depends on
t he ki nd wb 2hldosiesbody applied. Comonly, the test pre®sumP2a@i/osweh bodi es
is in the range of 300 bar. Preferably, the actual pressure in the hollow
body allows 30for a safety margin and is nore preferably not greater than
70 % of the test pressure. Often, the pattial pressure of the nolecul ar
fluorine in the nolecular fluorine containing gas in the containing space
of the tube trailer according to the inventionis fromb5 to 30 bar,
preferably frepatabwith npgerighesistant to moleculghBuarintse Fxemiplasiof sediopafckgst o t he
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mixture in the tubes would have to be diluted, and that no additional safety
devices as described below are comprised in the tube trailer.

25 The optional safety device may be connected for example, to a valve for
charging and discharging gas connected to a hollow body as described above. It
can also be suitably connected to a line for charging and/or discharging gas
preferably connected to a hollow body as described above.

In a first particular aspect, the tube trailer according to the invention may

30  comprise a safety device which is operable to reduce the pressure of a hollow
body. Typically such safety device is operable to reduce the pressure of the
hollow body by at least 50 % relative to the initial pressure. This optional safety
device can be constituted for example by a hollow body comprising for example
inert gas at atmospheric pressure or being kept under vacuum, which is

35  connected to the other hollow bodies and which is made of suitable materials to

contain fluorine.



can al so be suitably connected to a line for chargi ng and/ or di scharging
gas preferably connected to a holl ow body as descri bed above. In a first
parti cul awoaspams195t he tube trailer according to the i nPEMEPRIT1GLITS
30conprise a safety device which is operable to reduce the pressure of a
hol | ow body. Typically such safety device is operable to reduce the
pressure of the hollow body by at |east-%0 %relative to the initial
pressure. This optional safety device can be constituted for exanple by a
hol | ow body conprising for exanple inert gas at atnospheric pressure or
bei ng kept under Unesasand pritieral sspedcuihdetien body eerdains hehernighl whichodi es
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general l'y Capﬁﬂb@wﬁtﬁtﬁd’ﬂﬂﬁﬁferﬁﬁtﬂr@ﬁl&ﬁerzt@td%&hﬁ@ﬁc%tth(erﬂew ce. Another exanple
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trailer according.t %prélafweéxtd% ¢ R aACRLY el Pp%%Wﬁ ROSEFSE & in a non
limtative nmaamenalbys stdte ofifhoantstetthilbrdfor exgsaple a detector for gas leakage of

molecular fluorine containing gas, and is generally capable to trigger action of
20  the safety device. Another example of suitable safety detector is a pressure drop
detector.
The tube trailer according to the invention will further be illustrated in a
non limitative manner by the appended drawings.
Figure 1 shows a lateral view of a tube trailer according to the invention.
25  An assembly of a tube filled with molecular fluorine containing gas (2), a first
safety device under vacuum (3) and a second safety device containing nitrogen
under pressure (4) is mounted on support frame (1). The tube filled with
molecular fluorine containing gas (2) is connected to fluorine discharge
valve (5), which in turn is connected to safety devices (3) and (4). The tube
30 filled with molecular fluorine containing gas (2) is further connected to safety
valve (7), which is operable to connect tube (2) to sucking line (6) which is
connected to safety device (3) and/or to connect tube (2) to blowing line (8)
which is connected to safety device (4.)
Figure 2 shows a frontal view of a tube trailer according to the invention

35  having tubes filled with molecular fluorine containing gas (2), first safety device



Figure 1 shows a lateral view of a tube trailer according to the invention.
25An assenbly of a tube filled with nol ecular fluorine containing gas (2),
a first swbev/emwsce under vacuum (3) and a second saf @CY/FPeMiLHE1078
cont ai ning nitrogen under pressure (4) is nmounted on support frame (1). The
tube filled with nolecular fluorine containing gas (2) is connected to
fluorine discharge valve (5), which in t@rn is connected to safety devices
(3) and (4). The tube 30filled with nolecular fluorine containing gas (2)
is further connected to safety valve (7), which is operable to connect tube
(2) to sucki ngndaryacyus) (Aisné hedosd sefatvedsivisd coptaigrijrogenindsr (3) and/ or to
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conprise one S remai ni ng
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(2). The inventiof,CORERENScALSAs AsHBINAELS RF Whg’h%gs EofiARing ONt ai ni ng
15nol ecul ar fluorine conprising use of the tube'traller accarding to the
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according to the invention is unloaded from the means for transportation and
connected to a point of use requiring supply of molecular fluorine containing
gas.

In one particular embodiment, the method of supplying gas containing

25  molecular fluorine according to the invention comprises
(a) a first phase during which a gas containing molecular fluorine is supplied to
the user site using the tube trailer according to the invention and
(b) asecond phase wherein a gas containing molecular fluorine is supplied to
the user site using a molecular fluorine generating device which is located
30 on the user site.

Typical fluorine generating devices which can be used comprise, for
example, fluorine generating cells producing molecular fluorine by electrolysis
of a molten salt electrolyte, especially by electrolysis of HF comprising adducts
of HF and KF as electrolyte salt.



In one particul ar enbodi nent, the nmethod of supplying gas containing
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essentially consi's at | east
one gas kel twseqr anbrﬁfhlélfi?qnﬁemﬁ?éblﬁ cxplicgfer as @k nmo}@pulﬂb@wn@nd NF3.

Especial |y preferahl ywehitsh fu&ﬁéﬁco&@aﬁné asga%%hﬁé’él@% b @MMshbi&dIh WPrueONSi sti ng
of argon, nitrogen and. m xtures thereof one partlcgé(?r{lbg preferred

enbodi nent, t Hal§rReeqrdiggdo the IH?S@BWHV?W%&% aSFRMPIETH preferred
enbodi nent, t ke9l.Heol%PEINdISculirtfludgiee).the remainder of the gas comprises or

essentially consists of an inert gas. The inert gas is preferably at least one gas
25  selected from helium, neon, argon, xenon, nitrogen and NF3. Especially
preferably, the inert gas is selected from the group consisting of argon, nitrogen
and mixtures thereof. In one particularly preferred embodiment, the inert gas is
argon. In another particularly preferred embodiment, the inert gas is nitrogen.
In a preferred embodiment, the gas comprises a molecular fluorine in an
30  amount equal to or more than 50 vol %, preferably equal to or more than
80 vol % and more preferably to or more than 85 vol %. Preferably, the gas
comprises molecular fluorine in an amount equal to or less than 92 vol %,
preferably in an amount equal to or less than 91 vol % and more preferably in an
amount equal to or less than about 90 vol %. A particular gas comprises from 80
35  to 92 vol % of fluorine. A still more preferred gas comprises from 85 to

91 vol % of fluorine.



In a preferred enbodi ment, the gas conprises a nolecular fluorine in an
30anount equal to or nore than 50 vol % preferably equal to or nore than
80 vol %woaoremoerdpr ef erably to or nore than 85 vol % PcEfEPe@blog1078 he gas
conprises nolecular fluorine in an anount equal to or |less than 92 vol %
preferably in an anount equal to or less than 91 vol % and nore preferably
in an anount equal to or less than about®90 vol % A particular gas
conprises from80 35to 92 vol %of fluorine. A still nore preferred gas
conprises from85 to 91 vol %of fluorine. 8 - Preferred gases
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is from5 to 3092bén% okeibp éast pichsprpoicthe rasbegiive hohowbotly MRropreferatly, gas

m xture of thﬁlelﬁm&%wgghrsamhfa@mﬁemr%o%emq%%ld?%\g&%hamzw%aﬁber
cl eani ng Igjas I.n'the sem copnductor 1 ndustry. Preferab %/ i.s applied as
the total pressure of the gas mixture which fotal pressure of the gas rnlxture 18

equal to or lower than 70 % of t he test pressure. Still more preferably, the
partial pressure of the molecular fluorine in the molecular fluorine containing gas
mixture is from 5 to 30 bar, especially preferably from 10 to 28 bar.
The gas mixture of the invention can be applied as an etching gas or

20  chamber cleaning gas in the semiconductor industry. Preferably, it is applied as
chamber cleaning gas in the semiconductor industry. This use includes
providing a chamber the interior of which is at least partially coated by undesired
layers of material, be it organic or inorganic which forms during the manufacture
of semiconductor items. The layers may be constituted of fluorocarbon

25  polymers, silicon oxide, silicon, silicon hydirde, silicon nitride, phosphorus
doped galss, and any other layers originating during the manufacture of
semiconductor items. The gas mixture is introduced into the chamber and heated
therein thermally or by a plasma such that F radicals form which react with the
undesired layers forming volative fluorinated compounds.

30 The examples here after intend to illustrate the invention without however
limiting it.
Example 1

The toxicity of the gas mixture 90 % Fluorine/10 % Argon (v/v) contained

in the tube trailer according to the invention is expressed by its LCso value

35  0f205 mg/m’, and it is therefore possible to transport it by MEGS, or by tube

trailers (as MEGS are normally called). For comparison, 100 % fluorine has



chanmber cleaning gas in the sem conductor industry. This use includes
providing a chanber the interior of which is at |east partially coated by
undesi redwbayey®@4F naterial, be it organic or inorgani ®ClPedL1f06rnE duri ng
t he manufacture of sem conductor itens. The |ayers may be constituted of
fl uorocarbon 25pol yners, silicon oxide, 5|I|con silicon hydirde, silicon
nitride, phosphorus doped galss, and any?ot her Iayers originating during
t he manufacture of semi conductor itens. The gas m xture is introduced into
t he chanber and heated therein thermally or pl asma such that F
radi cal s for nﬁm\hﬁemvaheea@ftl&ﬁnmgv{m hadihigé rﬁféae lllqiya@ﬁ%blﬁéﬁ hmgostal &t i ve
fluorinated cqmeeunds. 30The exanples here after intend to illustrate the
i nvention w thout_however limtin épThe tOXICIt¥ of . the g
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consuners that require a I ne whic her then 10tons/y.
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trailers i s t bystdrowEhe happtl witly tubeqailesdedwbs tie niesesaitpof @ik dpatativobyae of
acci dent. g% t, 596 maj or part of accidents in the delivery 100of

fluorine happens uring the connection of the cylinders to the gas delivery
system The stpphplewi th tube trailers reduces the necessity of this

operation by a fagtrﬁfxu% 985 FRANRHE %pé(mvﬂs%ﬁe&ﬁ PEEUDI( pra%ao % Ar
(v/iv) is tested in a PECVD (Plasma 15Enhance. Cheni cal Vapor S|t|on

tool ) whi Ih i Enhanee Qhé@l%V&HOIF@@O@ﬂQ%@%) which is assisted by an RPS ( emote
Plasma System). The function of the RPS is to dissociate by the means of

plasma the gases that are fed in, so that it can actively react on the deposits of the
PECVD tool and remove them in gaseous form. The system is connected to a
vacuum pump which maintains a pressure between 200 and 600 mT in the
20  system.
The plasma ignition is possible without any problem and the process shows
high stability.
The 90 % fluorine/10 % Ar mixture (vIv) is fed through the RPS
at 1000 sccm and 2000 sccm. The power of the microwave energy source is
25  wvaried from 2000 to 4000 W without showing any effect on the cleaning rate,
meaning that 2000 W are enough to dissociate completely fluorine. The time
necessary to clean a layer of 250 nm of a-Si deposited on a glass substrate is
measured. The cleaning time results to be linear with the flow of fluorine,
meaning that the double of time is necessary to clean the sample etched with half
30 flow.
The same test is repeated employing 100 % fluorine instead of the mixture.
Argon is added at the beginning to switch on the plasma, afterward its feed is
stopped. The plasma results to be stable. The cleaning time of the
90 % fluorine/10 % Ar mixture(v/v) results to be 10 % higher at similar
35  conditions of flow, pressure and power of the microwave plasma source than the

one of elemental fluorine. In other word, the etching rate is proportional with the



Pl asma System). The function of the RPSis to dissociate by the neans of
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source, 1 ndi ¢ BHduBAIRE Braflet diiolTaMEASRE Bk P, AHRAGRER NF3 10t han
F2. The cleam ng time Wis slightly shorter than at_ 2000 W Above
20 vol % of nitrogen). The tests shows that’at the same conditions of flow, the

mixture 90 % F,/10 % NF; (v/v) cleans 5 % faster than 100 % fluorine and
115 % faster than the mixture 90 % fluorine/10 % Ar (v/v). The mixture
90 % fluorine/10 % NF; (v/v) offers the advantage of being delivered in Tube
Trailers, it offers the best cleaning performance in terms of volumetric flow, it
20  has a minimum gap in performance if compared on mass basis with F, 100 %,
and it has a nominal GWP which is only 10 % of the value of NF;
(10 % of 17200 = 172). However, its GWP is not 0 like in the case of the
fluorine/Argon mixture.
Example 4
25 Different mixtures containing 90 vol % fluorine and 10 vol % inert gas
(like He, Ny, Ar, NF; or mixtures thereof) are tested in the same equipment of
example 1, but the RPS has been switched off. The chuck on which the glass
sample lays is heated to a temperature of 200°C, simulating the temperature
range at which the a-Si and pc-Si are normally deposited. As the cleaning
30 process is not assisted by RPS but the reaction is eased by the relatively high
temperature of the deposit, we will refer to this process as ‘thermal cleaning’.
All tested mixtures shows the same etching rate.
The etching rates at 600mTorr and flows between 1000 sccm and
2000 sccm results to be only slightly slower (-15 %) than the correspondent ones
35  that have been measured using the 90 % F»/10 % Ar mixture (v/v) with the RPS

assisted technology.



2500 W the cleaning tinme remains constant. NF3 inproves the etching rate
at the sane volunetric flow, because it introduced 3 noles of fluorine

radi cal s wororlo#196f NF3, whil st F2 introduces only 2. @aTiEreo10t06E78 hand,
on a mass prospective, fluorine produces nore radical s/kg than NF3 (which
contains 1520 vol % of nitrogen). The tests shows that at the sanme
conditions of flow, the mixture 90 % F2/110 % NF3 (v/v) cleans 5 % faster
than 100 % fluorine and 115 % faster than the m xture 90 % fluorine/ 10 % Ar
(v/v). The m xture 90 % fluorine/ 10 % NF3 (v/v) offers the advantage of
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the 10 % hi ghgy. s%&%@eﬁﬂﬁna%fc@bkﬁ{e Joh&THIBb o5 183D AE RPRSI SRl CRAMRE W th
the 90 vol % m xtur On the other hand, the etching rate results to be the

15 % sl ower t REStShe 5correspondent cl eani ng experinent RPS assi st ed.
The advantage of the thermal cleaning is that it is possible to save the RPS

sources when purchasing the industrial equipment and it is possible to save the
energy to activate the plasma. The 90 vol % fluorine mixtures have GWP = 0,
can be transported in tube trailers and can clean the equipment at the same rate
20  as F, 100 % or NF;3 in the RPS assisted process if the pressure is slightly
increased.
Example 5
A tube trailer as described in figure 1 is filled with a gas mixture consisting
0f 90 vol % F, gas and 10 vol % Argon at a chemical plant by means of a
25  compressor. The flow rate is set at a level that is compatible with the materials
that come in contact with the pure fluorine. The guidelines for handling pure
fluorine are described, for example, in the EIGA Code IGC Document 140/10E
(http://www.eiga.org) and can be applied to the filling of the mixture. The tube
trailer is then loaded onto a truck and safely transported by road to a plant where
30  photovoltaic panels or LCD panels are produced. The tube trailer is connected to
the gas delivery system of the above mentioned plant. This gas delivery system
has been designed following the guidelines contained in the already mentioned
EIGA code. The system is passivated. The connection follows standard
procedures which are used to connect cylinders of high purity gases in the
35  semiconductor industry. The valve is opened and the tube trailer can deliver

fluorine containing gas to the plant.



The thermal cleaning process is repeated with the 90 % F2/10 % Ar (v/v)

i ncreasing the pressure at 660 niforr (10 % higher). The cleaning rate is

di rect |y woapraoswsial with the pressure, and therefore PCTEPIUNNSIU® be t he
10 % faster, or in other word it has reached the sane rate as when using
100 % fluorine. 10The experinent using the mxture 90 % F2/10 % Ar (v/v) is
repeated at 690 nforr (+ 15 % . The propdrtionality between the cleaning
rate and pressure is confirnmed, because the cleaning rate results to be the
15 % faster than the thermal cleaning process at 600 nmTorr. In other words,
with this experinent the sane perfor&éawsthe 90 % F2/10 % Ar (v/Vv) in
the RPS assisted cl eaning 15process. The advantage of the thernal
cleaning is that it is possible to save the RPS sources when purchasing the
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NF3 in the RPS assisted process if the pressure is slightly increased.
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whi ch are usegded i afRANGbn SHtrbfdend 10, hi gh purity gases in the
35seni conductor industry. The valve is opened and the tube trailer can

deliver fluorine containin as .th lapt., - 12 - CLALMS 1. A
tube trailer contai nffﬁ@t@egﬁ echf[ ]inéﬁngof ?&fhe%n PW%&?@%F d50f hpl ecul ar

fluorine. or coated with material resistant to fluorine.

15 5. The tube trailer according to anyone of claims 1 to 4, wherein parts

thereof are made from Monel metal, stainless steel, copper or nickel.

6. The tube trailer according to anyone of claims 1 to 5 comprising from

4 to 64 hollow bodies which are of substantially identical shape and dimensions.

7. The tube trailer according to anyone of claims 1 to 6, further
20  comprising a safety device operable to inject inert gas into gas containing parts

of the tube trailer.

8. The tube trailer according to claim 7, wherein the safety device

contains nitrogen.

9. The tube trailer according to anyone of claims 1 to 8 further
25  comprising a safety device which is operable to reduce the pressure of a hollow
body.

10. A semiconductor manufacturing plant having a gas supply system
wherein the tube trailer according to anyone of claims 1 to 9 is connected to the

gas supply system of the semiconductor manufacturing plant.



2. The tube trailer of claim1l conprising at |east one cylindrically shaped
5hol | ow body containing the gas conprising from35 to 92.5 vol % of

nol ecul arwbl2oriow®swher ein the i nternal vol une of the mbpCEgRREN/0610a%r i ne
cont ai ni ng gas contai ning space of the tube trailer according to the
invention is at least 1 nB perhollow body, and wherein parts which are
supposed to be in contact with the gas-dde made of or coated with material
resistant to nolecular fluorine. 103. The tube trailer according to claim1l
or claim2, wherein the renai nder of the gas consists essentially of an
inert gas pref er ablyThepariceriurtos mansfactwing méah acegrdjom to slaigph) Whichr ogen and
NF3. 4. NRiths1b & thAlth&ircfhofdVAItAR clomchtr 3 wherein parts thereof are
made of or coated with material resistant to fluorine. 155. The tube
trailer according,to_ anyone of clains.1 to 4, wherei.n parts ereof are
mde {1 om Nonel | atal e Settaetr Sty slantgrcon w i climn 108503 F e
trail er accor dihivh Hae aamlentardfuotiharsgirdment & foompre $00 gréfebiydfirdéra 164 hol | ow
bodi es which f ipally identical shape and di nensions.

7. The tugg t?gl %?Ugﬂgééﬁghéﬁ{o anyone of clains 1 to 6, further
20conprising a safety device operable to inject inert gas into gas

contai ning parts &% Ahacthodbeorsppplyiag a gas comprisimpusaefiibe tubgitiader accordi ng to
claim7, whergiddrdiRgtSafyshy ofl@¥inkze AN BitRARsPY! Q%M a gas manufa@uridde t ube
trailer according to anyone of clains 1 to further 2§conpr|5|ng a safety
devi ce which ?@3%ﬁﬁﬁﬁbw ‘to reduce the pressure of a holl ow body. 10.
A sem conductor manufacturing plant having a gas supply system wherein the
tube trail er accoid4li Mhe trethedyocedog tekhind 3 lcongprBings connected to the gas
supply system of the sem conductor manufacturing plant. WO

2012/ 00418pPCILE 8 - - : ' -
nanufactuﬁ?ngzglgﬁgiiﬁggﬁggﬁéxv%éh %Fﬁ??8$&ﬁ%%ﬁﬁFgﬁgE§§a g%ﬁ@ﬂﬁgﬁ%facture
phot ovol t ai c el efhsritser site using the tupe trier aseprdigrie tes Brentigmadct uri ng pl ant
according to claim10 or 11, which has a nol ecul ar fluorine requirenent of

from5 to 100(v)phgé@®naph¥sciwiRmid@ gat SorAniiBlrhdlCcll&BuddRE iy&Ppliedto  13. A
met hod for supplqug a.%as.co ri sing,use of the tibe trai according to
B ogr s %

| er
anyone of clai ns use st luprne gepsrrungdeviceambirh i 154t site to

a user site. on the user site.
15 15. A gas mixture in accordance with anyone of claims 1 to 7.

16. The gas mixture of claim 15 comprising from 35 to 92.5 vol % of
molecular fluorine the balance to 100 vol % being constituted by at least one
inert gas selected from the group consisting of helium, neon, argon, xenon,

nitrogen and NFs.

20 17. The gas mixture of claim 16 consisting of 80 to 92 % by volume of
molecular fluorine, the remainder to 100 % by volume being selected from at

least one gas selected from the group consisting of nitrogen and argon.

18. The gas mixture of claim 17 consisting of 85 to 91 % by volume of
molecular fluorine the remainder to 100 % by volume being selected from at

25  least one gas selected from the group consisting of nitrogen and argon.

19. The gas mixture of anyone of claims 15 to 18 wherein the partial
pressure of the molecular fluorine in the molecular fluorine containing gas in the
containing space of the tube trailer according to the invention is from 5 to 30 bar,

preferably from 10 to 28 bar.



14. The method according to claim 13, conprising 10(a) a first phase during
whi ch a gas containing nolecular fluorine is supplied to the user site
usi ng t hevoube/wsmsl er according to the invention and (BYT&EPIEEOMI7Phase
wherein a gas containing nol ecular fluorine is supplied to the user site
using a nol ecul ar fluorine generating device which is |located on the user
site. 1515. A gas mixture in accordance Mith anyone of clainms 1 to 7.

16. The gas mi xture of claim 15 conprising from35 to 92.5 vol % of

nol ecul ar fluorine the bal ance to 100 vol % being constituted by at | east
one inert gas sel 8¢t Pc ot bmephaipisgscadingite enyapeof chiens Lo Hesn, ar gon,
xenon, nitrogemaaitg cNESing 284 i thd Ren@asdudiorisf8r@f clai m 16 consisting of 80
to 92% by volunme of nolecular fluorine, the renainder to 100 % by vol une
bei ng selected fromat |east one gas selected fromthe group consisting of
ni trogen and argon. 18. The gas m xture of claim 17 consisting of
85 to 91 % by volune of nolecular fluorine the remainder to 100 % by vol une
bei ng selected fromat 25| east one gas selected fromthe group consisting
of nitrogen and argon. 19. The gas m xture of anyone of clains 15 to
18 wherein the partial pressure of the nolecular fluorine in the nolecular
fluorine containing gas in the containing space of the tube trailer
according to the invention is from5 to 30 bar, preferably from 10 to 28
bar. WD 2012/ 004195PCT/ EP2011/ 061078 - 14 - 20. Use of the gas m xture
according to anyone of clains 15 to 19 as chanber cleaning gas in the

sem conduct or industry.



