A PROCESS FCﬁ"bISTRIBUTING ULTRA H GH PURI TY GASES WTH M NI M ZED
CONTAM NATI ON AND PARTI CULATES FI ELD OF THE | NVENTI ON
The present invention relates to the distribution of ultra high purity
el ectronic specialty gases. Mdre particdlarly, the present invention
relates to a process for distributing ultra hkghngurit ases with

nm ni ni zed cont anPnERPEESENHOR, BLETREIBYIING ULT GH PURITEAGRERSUND OF
THE | NVENTI ON  WITH MINEMIZEDOCONTAMINATIANAND: PABTICHAMNIES s, in

particular of chem cal gases, useckriy dihauy eROERIrReN. Of el ectronic
materials (known as electronic specialty gases or ESG is known to be a

key factor in achieving acceptable production yield, production
reproducibility and high quality in the manufacturing of electronic
devi ces. For a recentThe\pmesersteinventiolMrdliates dod tBeN Rubl of f, J. Vac,

Sci, Technol . L
distribution of ultra high purity electronic
specialty gases. More particularly, the present
.invention relates to a process for distributing ultra

ﬁigh_purity gases with minimized contamination and

particulates.

" " BACKGROUND OF THE INVENTION

The use of ultra high purity of chemicals, in
particular of chemical gases, used in the processing
of electronic materials (known as electronic
specialty gases or ESG) is known to be a key factor
in achieving acceptable produétion yield, production
reproducibility and high quality in the manufacturing
of electronic devices. For a recent review, see
e.g., M. Liehr and G.W. Rubloff, J.Vac, Sci, Technol.
B 12, 2727 (1994) which Es hereby incorporated by
reference.

Even if high purity is achieved at the
manufacturin§ and purification step of such chemical
gases, it is known that contamination occurs easily

during their flowing to the point of use, through an

equip'ﬁép netwexrk (also referxed to as.a gas
L3 . : 4 -

Fd

distribution neiwork);which can ‘include large lengths

of tubing and many components for the control of



B 12, 2727 (1994) which is hereby incorporated by reference. Even if .
high purity is achieved at the manufacturing and purification step of such
chemjcal gases, it is known that contam nation occurs easily during their
flow ng to the point of use, through an Zequi prent network (al so referred

to as a gas distribution network) which can include |arge | engths of
tubi ng and nmany conponents for the control of

2 pressur e .aptefdsore ared (flay pates s .ey s qghessnre nagluosxs,mass- | ow
controllers, filters, purifiers, etc.) which have to be interposed between
the source (evglvesgamassgifiaw dontrojdensmbifiditernsd purifisns, of use
(e.g. the process reactor) as well as other components well known to those
of ordinary skigtc.n whiggh higve to be fnhenrased hefivaen Sheevqwiifent
efforts have b(eee.r‘l;'deav%aesd c:fyolifrpdeezp p:fr{ rg' Zgaajsi Ocna.l:?{nettr}e ar;le:it etrl:xiealpso’int
of use (e.g. the process reactor) as well-as_other
components well known to those of ordinary skill in
the art.
Therefore, elaborate development efforts have
been devoted to the optimization of the materials,
surfaces, assembling techniques and design of line
construction in order to achieve a minimal developed
area to which the gases will be exposed. Such
developments include electropolished metal surfaces,
the absence of deadspaces in the distribution line
design. Other developments have been directed to
minimizing sources of contamination (e.g.
optimization of welding technologies to reduce
particle emission).
However, even under such elaborate conditions,
microcontamination may still occur at minute levels.
The current objective in purity of ultra clean
electronic specialty gases to be delivered at point
of use is in the range of 1 to 100 ppb (parts per
billion) for any volatile impurity, particulate

density lower than 1 particulate per liter (under

normal conditions) and metal concentrations of less



surfaces, assenbling techniques and design of line construction in order
to achieve a mninml developed area to which the gases wll be exposed.
Such, devel opnents include el ectropolished netal surfaces, the absence of
deadspaces in the distribution line design. Qher devel opments have been
directed to mnimzing sources of contamnation (e.g. optimzation of

wel di ng t echnolggl.e lt?%_ rtd.cl 135541013 el , even
under such el atgglrglé‘t e %@#ﬁl ns%&?r#écxft}gto%@al%%rzaﬁcgn alrl”rlﬁ"y msét%\lxlq\ig:cur at

mnute levels. ¢]ement/ Mrdddiftent objective in purity of ultra clean
el ectronic specialty gases to be delivered at point of use is in the range

of 1 to 100 ppb (pap sma¥r dddHdriim (¥ nitrotdntisnlihativy iy tHearticul ate
density lower than 1 particulate per liter (under normal conditions) and
met al concentr albo¥es cndikkred purity range arises from the 3 than 100
ppt (parts per trillion) for any nmetallic elenment present.

difficulty of completely removing adsorbed molecules

from the surface of the materials exposed to the

electronic specialty gases, and in particular of

moisture, which is widespread in the environment and

presents a particularly strong adsorption energy to

surfaces.

It has been determined that many of the

electronic specialty gases tend to react with such

adsorbed molecules, particularly H,0 adsorbed on

metallic surfaces, for instance, though a

catalytically activated chemical reaction, which

promotes the formation of volatile by-products in the

considered concentration range and/or also solid

particulates (see A. Bruneau et al., Abstract 30p-ZL~

13, p.54, Spring Conf. Jap. Appl. Phys, Soc., March

1994 which is hereby incorporated by reference).

Thé common procedure carried out to clean such a

gas distribution network is to flow ultra-high purity

inert gas (e.g. nitrogen or argon of purity better

than 1 ppb) in order.to purge all impurities.present

in the volume or at the interior of the gas

distribution network. This procedure may

nevertheless be unsatisfactory for strongly adsorbed



A maj or..nechani sm of m crocontam nation in the above considered purity
range arises fromthe difficulty of conpletely renoving adsorbed nol ecul es
fromthe surface of the materials exposed to the electronic specialty
gases, and in particular of nojisture, whigch is wi despread in the
environment and presents a particularly strong adsorption energy to

surf aces. It has been determ ned that many of the electronic

speci al ty gasemollecdles,r eagt. H,0 moledules sadderbed| @ewaekid particul arly

H err] O adsorbed on netallic surfaces, for instance, though a

catal ytically sorifasesd chem cal reaction, which pronotes the formation of
vol atil e by-products in the considered concentration range and/or al so
solid particul at esThdse pRrgBr progedereaican Nesiimprovedpand 13, p. 54,
Spring Conf. JaR. Appl . Phys, Soc., March 1994 which is hereby

i ncor por at ed byhestenedcdp duratiophdycYeipy FUGSESSiVCCRYESSYreTt to cl ean
such a gas distribution_network is to flow ultra-high purity inert gas
(e.g. nitrogenV8FBMPgSHSILSy@fi thepdiedt Jagannd gEsrtirnadddr b¥o purge al

mpuri i es pregeat ;s n (10 YOIATE 9 Bbdl® (M ESHL Thelh219%S

desorption of the strongly adsorbed molecular
species. However, vacuum-pressure purge cycles alone
prove inefficient in locations representing deep
deadspacgs because of the inefficiency of pumping
through minute érifices. Thermal baking at 120°C
during the purge of metallic surfaces significantly
reduces the time to reach the background level of the
purge gas. For example, one cén obtain 1 ppb purity
in a few hours when flowing ultra high purity (< 1
ppb impurity) nitrogen or argon at 0.1 - 10 standard
liters per minute through a gas distribution network
free of microleaks of a length between about 10 and
about 200 meters. However, it is also known that the
thermal desorption of H,0 on an electropolished
stainless steel surface occurs in several steps, the
last one being at temperature of the order of 400-
450°C. Such a temperature is difficult to apply in
practice. Hence, when lower baking temperatures are
-applied, e.g. frequently 120°C for practical reasons,
the metal surface is not enfirely free of adsorbed

moisture. Moreover, thermal‘baking cannot be applied



di stribution network. This procedure may neverthel ess be unsatisfactory
for strongly adsorbed 4 nol ecul es,
e.g. Herr]O nol ecul es adsorbed on solid surfaces. Thi s purge
procedure can be inproved and shortened i§ duration by using successive
pressure- vacuumcycles of the inert gas and additionally by heating the
surface in order to induce thermal desorption of the strongly adsorbed
mol ecul ar  specilBs PrRgkdFer ungesy sens eirguasangescforesagesie prove
inefficient in |ocations representl dee deadspaces because of the

i nefficiency of FEgNgATdon Rrodgh 5lﬂ#$§sre¢ﬁepﬁa| baki ng at

tim to reach t 2_2 baOEBR oS, & %’rnp%ﬁ “”338%%‘ %”'tia's‘r’%ﬁi'aém e Cone can
oot 1L PP, DU eakls® PO SRR ML O0BH < 1
instance a larger number of vacuum~pressure cycles,
or increasing the flow rates of the ultra high purity
gases. Although this may decrease the initial
coﬁcentration of the generated impurities and
particulates, the time required to reach the
background level is always quite long, i.e. about 40
minutes at 40 sccm flow rate and about 15 minutes at
30 scem flow rate in the apparatus depicted in Figure
2.

One of the problems encountered when
distributing ultra high purity gases in pipes,
valves, mass flow controller or the same, which are
usually used in the distribution of chemical gases or
other gases commonly used in the electronic industry
to manufacture integrated circuits, is that those
distribution systems comprise or may comprise rough

-surfaces, which may include deposited or adherent
particulates. Even more importantly, those
distribution systems usually comprise so-called
deadspaces {e.g., in valves, etc.) wherein the vapor
phase gas drying has not been very satisfactory.

Unexpectedly, according to the present invention

and as explained hereinafter, the liquid phase



liters per mnute through a gas distribution network free of mcrol eaks of
a length between about 10 and about 200 neters. However, it is also known
that the thernmal desorption of H20 on an electropollshed st ai nl ess st eel
surface occurs in several steps, the |ast one being at tenperature of the
order of 400- 450[err]C Such a tenperature is difficult to apply in
practice. Hence, when | ower baking tenperatures are applied, e.g.
frequent|y 120peeckSsiing pascbeenl prexeonsundehecertalinsgprhditippsipot
entirely free of adsorbed nvoisture. Mreover, thermal baking cannot be
appl i ed to be much more satisfactoryy paﬁtépgégrég fingerouyghe
circunstances for safety, _reqgulation or material stabjlity reasons.

O hers have at?BﬁSPGBStBnpnﬂﬁé9épﬁﬁ§spGPﬁeunﬁFEEQd6PetBF gRE gas

di stri but t t nyntb
vgguLh};rgggup 1g EFQ§%§°8?SVﬁEF8%2%H§ CﬁgaFFB r&?@ erFﬁ@ ul tra high

purity - gases. AL nouaN LALS ;IBYHS" ©a3Re! BE kRt pBsinte

explanations given by the inventors (who, however, do
" not want to be bound by any theory) is that the wet
drying agents used in accordance with the present
invention may have, due to their liquid state (and
the pressure needed to circulate them) not only a
drying (cleaning) effect coming from their chemical
formula but also a mechanical cleaning effect due to
their liquid state which adds up to their chemical
effect and thus provide improvement.
| It is, therefore, an object of the present
invention to provide another technoleogy to more
effectively clean the internal surfaces of a gas
distribution network, particularly for deep deadspace
locations or those which cannot be heated for thermal
desorption because of practical, hazardous or:
regulatory conditions.

It is another object of the present invention to
provide a process for the removal of adsorbed
molecules, particularly H,0, before introducing
electronic specialty gases into a disgribution

network, in order to suppress the above source of



concentration of the generated inpurities and particulates, the tine

required to reach the background level is always quite long, i.e. about 40
mnutes at 40 sccmflow rate and about 15 minutes at 30 sccmflowrate in
t he apparatus depicted in Figure 2. One of the problens encountered

when distributing ultra high purity gases in pipes, valves, mass flow
controller or the sane, which are wusually used in the distribution of

cheni cal gases mircraxtdretamsatsi o ned vglatsiEke ior tgertelartatmi c i ndustry to
manuf acture integrated circuits, is that those distribution systens
conpri se or maimmpupitisessough surfaces, which may include deposited or
adherent particulates. Even nore inportantly, those distribution systens
usual Iy conprise so-Angther ckirghRkesthe Rresent iantion ds Sterein the
vapor phase gas drying has not been very satisfactory. Unexpect edl vy,
according to t REFPFHALMA BIRATT oFPT RP RPN KSF erdShafter, the

liquid phase _distribution network wheref% the intrusion of any

moisture or air is minimized and any ;ntruded
molecules are rémoved.

It is yet another objective of the present
invention to provide a process for minimizing
contamination in the distribution of ultra high
purity gases.

It is further an objective of the present
invention to provide a process for minimizing
particulates in the distribution of ultra high purity
gases.

It is still another objective of the present

- invention to provide a process for the removal of H,0
adsorbed to the ultra high purity gas communication
surfaces of a gas distribution network.

It is further an objective of the present
invention to provide an apparatus for carrying out a
process for minimizing contamination and particulates

in the distribution of ultra high purity gases.



6 processi ng has been proven, under certain conditions, to be much nore
satisfactory, particularly for rough surfaces and deadspaces encountered
in the gas distribution systens such as those used in the sem conductor

i ndustry. One of the possible explanatiops given by the inventors (who,
however, do not want to be bound by any Theory) is that the wet drying
agents used in accordance with the present invention may have, due to
their liquid state (and the SRBQ(RYe OFcQHF] INYENTION ate them) not only a
drying (cleaning) effect comng fromtheir chemcal fornula but also a
mechani cal cleaning effect due to their liquid state which adds up to

their chem cal ef fect _.and_thus provide i rovenent . It is
therefore, an objectE¥ (He tB'f"e edqipg J(ﬁﬁ%’(’ﬁ’eﬁr SR @chising by

technology to nore effectively..clean the ingernal .surfaces of a gas
di stribution n& ®A¥EEHha ?rcd* ?V.et?‘%rl%é}}%feaa é’urllglé’atq%ﬁsg or those

whi ch cannot be, figateth i dd S dlan HERAIAH |0 RRGAUIRYe Y act i cal

hazar dous or
including; (a} purging said distribution network or

any part thereof with dry inert high purity gas
comprising less than 1 ppm of any impurity; (b)
evacuating said distribution network or any part
thereof at a pressure which is lower than 5 x 10¢*
Pascal; (b’) optionaliy wet cleaning a gas
distribution network or any part thereof with a wet
cleaning agent, thereafter (c) liquid drying the gas
distribution network or any part thereof with an H,0
desorbing 1iquid drying agent selected from the group
comprising acetone dimethylacetal DMP, 2-2

- dichloropropane DCP or 2-2 dibromopropane DBP,
mixtures thereof and any equivalent thereof, and (d)
distributing an ultra high purity gas through the

distribution network or any part thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an apparatus for carrying
out the process of the present invention.
Figure 2 illustrates an apparatus for the

analysis of contaminants and particulates encountered



regul atary conditions. It is another object of the present invention
to provide a process for the renoval of adsorbed nolecules, particularly
H err] O before introducing electronic specialty gases into a distribution
network, in order to suppress the above soyrce of

7 mcrocontam nation of volatile or particulate inpurities. Anot her
obj ect of the present invention is to provide a process for the operation
of a gas distributhendediwery wfendtmat haghnpnuitynedéctngnigoi sture or
air is mnimzed and any intruded nolecules are renoved. It is yet
anot her obj ect | fPe6ialk¥ PRE€Snt invention to provide a process for

mnimzing contam nation in the distribution of ultra high pU£ity gases.
It is further an obj ECBR¥E df ifnh@ FPRPERAtive graph depicting the

decrease of (SiH,Cl),0 contaminant in SiH,Cl, formed as
a reaction by~product in the gas distribution line of
SiH,Cl, over time as analyzed with the apparatus of

. Figure 2, after the use of the process according to
the invention compared to prior art techniques.

Fi&ure 4 is a comparative graph depicting the
decrease of HCl contaminant in SiH,Cl, (formed as a
reaction by-product in the S8iH,Cl,) over time as
analyzed with the apparatus of Figure 2, after the
use of the process according to the invention
compared to priof art techniques.

Figure 5 is a comparative graph depicting the
presence of particulates over time as analyzed with
the apparatus of Figure 2 (a) after use of the
process of. the present invention and (b) without the

use of the process of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process of the present invention includes
{(a) purging a distribution network or any part
thereof with dry inert pigh purity gas comprising
less than 1 ppm of any impurity; (b) evacuating said

distribution network or éhy part thereof at a



i nvention to provide a process for mnimzing particulates in the
distribution of ultra high purity gases. - It is still another
objective of the present invention to provide a process for the renoval of
Herr]O adsorbed to the ultra high purityigas comuni cation surfaces of a
gas distribution network. It is further an objective of the present
invention to provide an apparatus for carrying out a process for

m ni m zi ng cont presstrenwhidhpast Lowkat tbani A xhaotiRasdadyti(@) of ultra

hi gh purity gases. 8

SUMVARY OF THE LiyeEhd| @sying the gashdéstributdengpetyoukjertan¥s are
achieved by a process for distributing ultra high purity gases wth

m ni m zed cont aBR¥ht tharard wathi anl B Lesoring dgavyis urqnihaesnt

di stribution network or _any gart thereof wiith dry inert high purity gas
selected from the group consisting of acetone

dimethylacetal DMP, 2-2 dichloropropane DCP or 2-2
dibromopropane DBP or mixtures thereof or any
equivalent thereof, and (d) distributing an ultra
high purity gas through the distribution network or
any part thereof.

The present invention provides a procedure for
contamination free, i.e. volatile reaction
byproducts-reduced and particulates-reduced,
electronic specialty gases distribution based on the
improved removal of moisture adsorbed on metal
surfaces and other surfaces. The process of the
present invention is particularly well suited for the
problem of contamination originating from a cylinder
valve since thermal desorption of the species
adsorbed in the cylinder valve is prevented by safety
and requlation considerations.

The process of the present invention first
includes purging said distribution network or any
part thereof with a dry inert high purity gas
comprising preferably less than 1.ppm of any impurity
and more particularly less than 1 ppm water vapor.
After purging and venting the purging gas, then the

distribution network is evacuated to sub-ambient



conprising less than 1 ppmof any inpurity; (b) evacuating said
distribution network or any part thereof at a pressure which is | ower than
5 x 10[err] Pascal; (b') optionally wet cleaning a gas distribution
network or any part thereof with a wet cl &aning agent, thereafter (c)
liquid drying the gas distribution network or any part thereof with an
Herr]O desorbing liquid drying agent selected fromthe group conprising
acet one di net hyPEessarep\rrhese tH?cﬁ%ﬁ?%p$6%5§eaIEIr%Pe@¢%dd¢%¥bhn§ropane
DBP, m xtures thereof and an¥§ EU|va ent tpereof d d) dIStékgytlng an
h

ultra hi gh purl?ﬁeﬁﬁgr?h?gubﬁ haR; 31 Xi bYt PGFSRet

t her eof . RL L g PTI OF THEVDRQV% $ h Figure 1

i I Tustrates an XppiFBRTtY ofoREFRYi #B TBAt IRV ELLs®HFE 118 present

VNI 0N b AF uf FhAERE R MlaPePae! s Loed e BLYY° O
These steps (repeated as many times as necessary) are
known as “cycled pressure-vacuum” purging. Results
obtained after several pressure-~vacuum purging are
shown, e.g. on Figures 3 and 4, curves (2). After
these two steps, the gas distribution network is
optionally wet cleaned. This wet cleaning step is
optional, because the purpose of this wet cleaning
step is essentially to remove particles deposited
previously by the flow of electronic specialty gas in
the gas distribution network, but also to remove any
volatile impurities on the surface from the previous
flow of ESG in the network. It is thus not necessary
to carry out this wet cleaning step with a new
distribution network. This optional wet cleaning is
accomplished with a high purity liquid such as DI
water, alcohols, acetone or other similar cleaning
agents known to those of skill in the art. The wet
cleaning removes molecular species soluble in these
liquids or removes by dilution or liquid mechanical
friction molecular species and particulates which may
reside on the surfaces before the below described wet
drying. Thus, wet cleaning of the'géé communicating

surfaces of the various components of the gas



9 in the delivery of ultra high purity electronic specialty gases.
Figure 3 is a conparative graph depicting the decrease of [err]

cont am nant

| in [err] formed as a reaction by-product in the gas
distribution line of [err] over time as ang2yzed with the apparatus of
Figure 2, after the use of the process according to
to prior art techni ques.

the invention conpared
Figure 4 is a conparative graph depicting

the decrease adigdilswtiani netvorX fensves f surtdcasimpur Petés on by- product

in the [err]

over tine as

anal yzed with the apparatus of Figure 2, after

the use of the(msbemskesiconrpanyiculates) nveTite aret cobgem g tagentsr art
Figure 5 is a conparative graph depicting the presence
of particul at esusedrinihissstep| 9fcthei process agperding © $heure 2 (a)

t echni ques.

after use of the process of the present invention and (b) w thout the

use

of the process Brvenkion cshallbgchighnpurity ¢lepuinp T¥SURE PTI ON OF THE
PREFERRED EMBODI MENTS

suitable for cleaning metallic éurfaces, particularly
stainless steel surfaceg. By high purity, it is
meant cleaning agents which, when they are used pure
{or in admixture with other cleaning agents or
solvents) do not leave substantial solid residues on
the treated surface, i.e. comprising less thén 1 mg.
of solid residue per liter and preferably less than
10% g of solid residue per liter.

The injection of the cleaning liquid agent is
made by any appropriate means such as disclosed
hereafter with Figure 1. This injection’ can be done
either manually with a syringe or automatically with
a pump through capillary tubes.

The duration of this wet cleaning step is
usually between about 1 mn. to at most 1 hour. If
the pipes and other components are new (i.e. have
never been used before), it is usually not necessary
to wet clean them. However, if it is believed that
some particles or condensible molecules may have
already adhered, wét cleaning during about 1 mn. to
about 2 mn. is sufficient. If the pipe distribution
network and/or other components of the network have

already been used before, it is usually recommended



The process of the present invention includes (a) purging a distribution
network or any part thereof with dry inert high purity gas conprising

|l ess than 1 ppmof any inpurity; (b) evacuating said distribution network
or any part thereof at a 13 10 pressure
which is lower than 5 x 10[err] Pascal; (c) liquid drying the gas

di stribution network or any part thereof with an Herr] O desorbing |iquid
dryi ng agent sebeclesnftnant betgeenpapouti Sttagaldunces ame. , di net hyl acet al
DMP, 2-2 dichl oropropane DCP or 2-2 dibronopropane DBP or m xtures thereof
or any equivalprefehabkypfabautl $0)mdistributing an ultra high purity gas
through the distribution network or any part thereof. The present

i nvention provi des a0frocetsee this cheankngais oapplieablectovol atil.e
reaction byproducts-reduced and particul ates-reduced, electronic
speci al ty gasesPHPERgFpuYRbVEeHaskasSeniifge controllers and the like.

As a new or existing gas distribution network, it is
advisable to provide the process according to the
invention each time, as an internal surface of the
network shall be in contact with air. For example,
when a cylinder is filled in a plant with an
electronic specialty gas, it is recommended to
clean/dry the valve as explained in the present
specification at the end of the filling step. When
the cylinder is delivered in the plant of the
customer, it is also recommended to apply to said
valve of said cylinder the process as disclosed in
this specification particularly steps (b’) and (c).
Also, when the cylinder is withdrawn from the gas
cabinet when it is empty, the same procedure should
apply. Purging with inert gas between the wet
cleaning step (b’) and the drying step (c), even if
recommended, is usually optional.

The optional wet cleaning step (b’) is then
followed by a step comprising a liquid drying of the
gas communicating surfaces of the gas distribution
network through exposure to chemicals which react )
with adsorbed moisture and leave neither particulafe

residues nor volatile molecules adherent to the metél



| nproved renoval of noisture adsorbed on netal- surfaces and ot her

surfaces. The process of the present invention is particularly well suited

for the problemof contam nation originating froma cylinder valve since

t hermal desorption of the species adsorbed4in the cylinder valve is

prevented by safety and regul ation considerations. The process of

the present invention first inclu e; ﬁgrgin sai d di-stribution network or
g

any part ther 85f OGPER SUHLFPner £04 ﬁGPFg§n§a§teFoﬁPrFgFﬁgdﬁﬂeferably
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according to the present invention can be effectively
completed at room temperature using a liquid chemical
which preferably removes adsorbed H,0 and which will
leave neither particulate residue nor volatile
residue (liquid/vapor) but being chemically active
with adsorbed moisture. (No particulate residues
means that the liquid contains usually less than 1 ng
and preferably less than 10%/g of particulate
material per liter). These liquid chemicals are
hence éasily purged out under vacuum-—-pressure cycles
after the liquid drying.

The duration of this liquid drying step is
preferably between about 1 mn to about 20 minutes.
Usually, if the device or piping distribution network
is new and the roughness of the internal surface of
the same. is less than 5 x 10%m (Ra< 5 x 10%n), about 1
to abbut 2 minutes are usually enough. However, if
the device, piping or network are not new and
particularly if the roughness of the surface Ra is
greater than 5 x 10%m, then it is usually recommended

' to treat with the drying agent during about 10

minutes or more.



These steps (repeated as many tines as necessary) are known as "cycl ed
pressure-vacuunt purging. Results obtained after several presSsure-vacuum
purginhg are shown, e.g. on Figures 3 and 4, curves (2). After these two
steps, .the gas distribution network is optgonally -wet cleaned. This wet
cleaning step is optional, because the purpose of this wet cleaning step

Is essentially to regg\égzmggj Q:l e%h%eg.%Werrﬁg.o pr %I OHSA yigg/%ﬁgaen | ow of

el ectronic specialty gas In t e gas i‘on ne S0 to

remve any vol 3libkgdl WRYi Syait UL sillae ERAM thE Breupous: flow of

ESG in the net S“not necessary to carry s wet
cl eaning step %baséis%el\ﬂg &S DMpD Yalcek ot wsn&th}h' acgletau?nabcbet(zd eani ng

is acconplished wth a high purity liquid such as D al cohol s,

acetone or ot hep-giFichloroptdpaie) J@eDEP Kﬂmﬁndtlﬁrbhaﬁe'ogﬁn&zl | aniyn the
art. The wet cleaning renpves nolecul ar species soluble in these |iquids

or renoves by dmintude ¢heriedf cGndeaniniee@livalents ¢hetreb&cul ah speci es and
particul ates which may reside on the surfaces before the bel ow descri bed
wet drying. Thegniwetlenitedis herefin idefdaedc asmanycdtigndd whithceanof the
vari ous conponents of the gas

react with adsorbed moisture and leaves neither

substantial.particulate residues nor substantial

volatile molecules adherent to the metal or other

surface and which function is to prevent any

catalytic reaction of decomposition by water of the

electronic specialty gases which flow through the

distribution network. It is most preferred to use

pure liquids, in order to combine the wet-cleaning

properties and chemical-dfying properties of these

molecules.

According to one aspect of the present

invention, it has been unexpectedly discovered that

the three above drying liguids (DMP; DCP or DBP),

when used after the cleaning step disclosed

hereabove, were extremely effective and that it

cannot be accurately predicted whether other

molecules of other H,0 desorbing liquid drying agent

can be used successfully.

Usually thereafter, purging of any residual by-

product is accomplished preferably by pressure-vacuum



12 di stribution n

etwork renpves surface inpurities (nolecules or

particul ates). The wet cleaning agents wused in this step of the process

according to the i
for cleaning netall
high purity, it is

nvention shall be high purity cleaning agents suitable
ic surfaces, particularig stainless steel surfaces. By
meant cl eani ng agents which, when they are used pure

(or in adm xture with other cleaning agents or solvents) do not |eave
substanti al sol¢¥clespenge wping heltraaibghspufite, inext gaspassing | ess

than 1 ng. of sol]
of solid residu®
agent is mnade by a
Figure 1. This inje
automatically with

d residue per liter and preferably less than 10[err] g

bired pereabove. The jnjection of the cleaning liquid

ny appropriate ans such as disc|losed hereafter with
cﬁ?oﬁgcﬁ ﬁ%lﬂbﬂg PEeteEredemerdinent of 9einge or
t ubes The duration of

h i1l :
this wet cleamﬁﬁfiﬁ% p$€3e£@£8H? tﬁgR&asqa¥str1bution network is

purged with an inert gas such as nitrogen, argon,

helium or with a reductive gas such as hydrogen,

after the wet cleaning and liquid drying steps have

been

completed and before the delivery of the

Electronic Specialty Gas (ESG). The duration of

purging may vary between about 1 minute to about 10

minutes, preferably between 2 to 5 minutes. The gas

used

for such purging has to be of course extremely

pure, i.e. less than bout 100 ppb of volatile

impurities and less than one particle per liter in

normal conditions of temperature and pressure. (This

purging with the above gases is usually carried out

with

alternate vacuum).

Next, an Electronic Specialty Gas (ESG) is

introduced into the gas distribution network, such

as: SiH,, SiH,Cl,, SiF,, SiH,, SijH,,BCl,, BF,, B(CH,),

B,Hg, PHQ, P(CH,),, Phosphorué organics (Butyl, etc.),
AsH;, As organics, organometallics of Al, Cu, Ta, W,
WF;, MoF,, UFs, TaCl,.

In another embodiment of the present invention,
after flowing the ESG for the manufacturing process,
such as I.C. maﬂufacturing, the wet cleaning and the

liquid drying steps (b’) and (c) of the present



usual Iy between about 1 nm. to at nost 1 hour. If the pipes and other
conponents are new (i.e. have never been used before)., it is usually not
necessary to wet clean them However, if it is believed that sone
particles or condensible nol ecul es may havei7al ready adhered, wet cleaning
during about 1 nmm. to about 2 mm. is sufficient. If the pipe distribution
network and/or other conponents of the network have already been used
before, it is uinuengippceirsendddtionally performed just after 13
to cl ean them between about 5 to about 30 mm. preferably about 10 mm.

Of course, thispergangnghes Eﬁﬁpﬁm&btéet élsﬁrpbﬁgsonvaewgrkrrasg flow

controllers and the |ike. a new or existing gas distribution network,
it is adV|sablEeferﬁrS§PH§IPﬁEtBFOB§§¥°§KcoPHﬁHgVFSYtﬁEleFﬁVenFPon each
time, as an intetnal §§rfac etwork shall _be in ﬁggtact with air.

of th
For exanple, wh&h-a FFnE&F“F?Sf%PFeBcFHrﬁeBFﬁnmePPﬂa

chemical reaction between residual adsorbed ESG and
H,0 molecules, which will occur after air exposure.
Iﬁdeed, such reactions between adsorbed species are
again catalytically activated and promote surface
reaction leading to corrosion, éarticulates and
formation of unwanted surface molecules.

In yet another embodiment of the present
invention, two cycles or more of wet cleaning (e.g.
the first using e.g. Di water--less volatile--the
second using e.g. acetone or alcohol--more volatile)
and at least one cycle of wet drying are completed.
This sequence is particularly effective both before
and after any exposure of a gas communicating surface
of the gas distribution network to an ESG,
particularly when the surface has been exposed air.

Anong the many appropriate uses for the process
of the present invention, it is intended for use
before (a) any exposure (even for a minimal time) to
air and (b) before flowing the ESG through the gas
distribution system or any part thereof.

The above process can be applied to a total gas
distribution network. However, the most critical

parts are those involving deep deadspaces such as



el ectronic specialty gas, it is recoormended to clean/dry the valve as
explained in the present specification at the end of the filling step.
Wien the cylinder is delivered in the plant of the custoner, it is also
recommended to apply to said valve of said,cylinder the process as
disclosed in this specification particular?y steps (b') and (c). Also,
when the cylinder is withdrawn fromthe gas cabinet when it is enpty, the
sanme procedur e sdumd din apvylveucognsgructionner t otiasr bedmpenente wet
cl eaning step (b') and the drying step (c), even if recomended, is
usual | y optionasuch as nise Hhovorentrellersanprgssure ¥egylatorsen
followed by a step conprising a Iiggid drying of the gas comunicating
surfaces of theelps Aceeréingdy, hhe.presentoinyenkiperuis speeheilyal s
which react wth adsorbed noisture and | eaye neither particul afe residues
nor vol atile nolvEefFeRd sbPcFUGR FOMPRREREEin the gas distribution
14 or ot her surfacgk This wet-drying step is intended

network.

Although the cleaning and drying operations can
be carried out manually, it is also provided
hereunder an apparatus for carrying out the process
of the present invention, including a means for wet
cleaning the gas distribution network with a wet
cleaning agent and a means for liquid drying the gas
distribution network with an'H,0 desorbing liquid
drying agent. Although the means for wet cleaning
and the means for liquid drying can be accomplished
with a single means, two separate means can be used.
That is the apparatus to carry out the process of the
present invention can include a single system for wet
cleaning and liquid drying or two systems, one for
wet cleanipg and one for liquid drying.

According to one embodiment, the wet cleaning
and/or liquid drying agent can be introduced into the
gas distribution network manually using a syringe
type introduction system known to those of skill in
the art, and further described hereafter.

In another embodiment, the circulation of the

wet cleaning and/or liquid drying agents is achieved

by the use of a circulation éump which circulates the



to prevent any catalytic reaction of deconposition by water of the

el ectronic specialty gases which flow through the distribution network.
Liquid drying according to the present invention can be effectively
conpleted at roomtenperature using a |liquihg chem cal which preferably
renoves adsorbed Herr]O and which will |eave neither particul ate residue
nor volatile residue (ligquid/vapor) but being chemcally active wth

adsor bed noi st Gkeandgy &éﬂ"r’&ulﬁ’t‘é’%i%é"h L SYFRPWHOR | qui d contains
mteri ol per | MetseTI AL S Gtk (RS, e Wk Y B ged out

d t | J.aul,d dryi . he d ti
of this T iqu 0 O S, dld dand hetBhil cRedkqing £o & LT 0"

! _ | ; . abl Lot . : d
mnutes.  Ustaldyeerid: (bR Undlidlndliditd iy Ehd'datideg 1S new an

t he roughness o ein surface e sanme I's Tess than

10ferr]m (Ra< 9 el Gebivdd) madlil0W1dy doheaPiiierd bl eoendisual Iy

;
enough. However, if the vice, piping or network are not new and
particul arly ifaildte NAUETEIE Tretilorl @ rid!Id Asthddd ddtor@ iR o W 5 X

10[err]m then it is usually reconmended :

process of the invention, the injection of the
liquids (cleaning and/or drying) is preferably
carried out through the use of capillary tubing as
disclosed on Figure 1, wherein it is provided a
mechanically activated liquid circulation system
designed to reach deep deadspaces within the
components of the gas distribution network in

" implementing the process of the present invention.
The system is based on a pump to provide liquid flow,
capillary inlet and outlet lines to provide minute
deédspaces and an assembly allowing clean fluid
handling and minimal air exposure on connection and
disconnection. The apparatus of Figure 1 is further
described below.

The cylinder valve head assembly of Figure 1
includes a cylinder valve 1, diaphragm 2, spring 3,
spindle 4, polymeric sealing material such as Diflon,
"Teflon or others 5, cylinder valve port 6, gas flow
from cylinder 7 (for example HBr), outlet of cylinder
valve 8, polymeric packing 9 and fitting and

connector 10.



to treat. with the drying agent during about 10 mnutes or nore.

15 According to the invention, the Herr]O desorbing liquid drying
agent, is selected fromthe group consisting of DVP (acetone dinethyl
acetal ), DCP (2- 2-di-chloropropane) or EI%E(Z-Z di br onopr opane), any

m xture thereof and any equivalents t hereof .~ An equivalent I's herein
defined as any |iqui

d d d |
ne:the{ sugﬁtantiaﬂﬁﬁir?thvgfﬁ C%u%%£ $s§%%€ %n??g n ég?é |Ieeaves
revent any cramirieaEidl; Leta Clofige SO SRFLENGRY cpaphEL " 1o 1O
el ectronic speq& ty PPs86 Yh&C fféom@&hf%ﬂ h%%fgtcgﬁﬁé tgyt%%n ngtmork It

I S nost preferre to use pure l1quids o) co I ne
vet-cleani'ng pFDPSE téke 8PdaChRFLEafr diashPAGREOVAI S PorthieEe

nmol ecul es.
cleaning and/or liquid drying inlet 20 is in fluid
communication with a second end of the "T" type male
connector 12. We use ceramic cement as a vacuum-
tight, non-reactive and non-outgasing metal-metal
bonding agent.
A liquid pump 24 is in fluid communication with a
second end of the three-way diaphragm valve for wet
cleaning and/or liquid drying inlet 20. Liquid pump
24 is further in fluid communication with a 0.1 unm
filter 26 and wet cleaning agent or liquid drying
agent 25.

A third end of the three-way diaphragm valve for
wet cleaning and/or liquid drying inlet 20 is in
fluid communication with diaphragm valve 21 which is
in further communication with 0.1 pum filter 22 and
dry gas inlet 23. Dry gas inlet 23 is used for the
introduction of purge gases (inert or reductive,
usually used between the cleaning step and the drying
step).

A third end of the "T" type male cénnector 12 is
in fluid communication sequentially with a three-way
diaphragm valve for evacuation 14 by oil free vacuum

pump 19, a three-way diaphragm valve 15 for -moisture



According to one aspect of the present invention, it has been unexpectedly
di scovered that the three above drying liquids (DWP, DCP or DBP), when
used after the cleaning step disclosed hereabove, were extrenely effective
and that it cannot be accurately predictegiwhet her other nolecul es of
other Herr]O desorbing liquid drying agent can be used successfully.

usual 1y ther eal gy By 81 9Bl ohiLE 298748 dhphrdbRIVYaTves 180 GAEP] Shed

preferably by pressure-v

cycl e purge usiggnyl g&%ehi gh o ok Id1@lain 19RS add/odehiigad ahargahiaye.

In an especially preferred enbodi ment of the present i'nvention, “the gas
di stribution neyneehk iis comheRdted ith Feddveringdmeaneh (AStNkhoR@ein ar gon,

heliumor with a reductive gas such as hydrogen, after the wet cleaning
and liquid dryi ggestepwinaye tobeecv@mphticad préddacter afthe telingery of the
used.

In operation, the apparatus of Figure 1 is
operated as follows:

1. Close cylinder valve;

2. Open valve 16, close vaive 14, 15, 20 and 21;

3. Insert capillary tubes into cylinder valve;

4, Connect apparatus to cylinder valve outlet
(8) by the connector (10);

5. Open valve 20 and switch on the pump (24)
(automatic) or a syringe (manual), and send cleaning
liquid (25) to cylinder valve through capillary
tubes;

6. Monitor the color or pH of vent liquid;

7. Continue to clean until vent liquid become
colorless of pH7;

8. After cleaning, change the vessel filled with
dry chemical agent, and introduce dry chemical agent
into cylinder valve;

9. After ‘introducing of dry chemical agent,
switch off the pump (24) and close valve 20;

10. Open valve 21 and introduce dry gas and

purge the line until no liguid is observed at vent

line (17);



El ectronic'Specialty Gas (ESG). The duration of purging may vary between
about 1 mnute to about 10 mnutes, preferably between 2 to 5 mnutes. The
gas wused for such purging has to be of cours% extrenely pure, i.e. less

t han bout 100 ppb of volatile inpurities and £ess than one particle per
liter in normal conditions of tenperature and pressure. (This purging

with the above gases iS5 usupd YRR dHd: Qtty - tallef 5RANR AT '@)
Next, an Electronic Specialty Gas (ESG is ™~ introduced into the

di stribution net wtoses Uadivedsig Sidd £rdna opdd Srdivd 197, r]avnds'eﬁ[a@da]be
Si[err]Herr], Si[err]Herr], BCI[err] BF[err], B(CH[err]) Blerr]Herr],

PH err], P(CH err oy iinhorabre tganaanmByutp @9.;), ASHerr], As
organics, organonetal lics of Al, Cu, Ta, W Werr], MFerr], UF[err],

TaCl [err]. | n andtherClodmdiaiere 1f adrite qpers eilvienad)t i2an), angf t er
flow ng the ESG for the manufacturing process, such as |I.C nmanufacturing,

t he wet cl eani ng gurgehecylinfexl vhlnedowstdns gad8;) and (c) of the present
o 13. Open valve 15 and close valve 16, and
monitor moisture concentration in dry gas by
hygrometer; |

14. Continue to dry down cylinder valve by
moisture concentration of <ippm;

15. Disconnect the connector (10) of apparatus
and introduce of small amount of dry agent into
cylinder valve, then put blind cap for cylinder
valve.

Accordingly, the present invention provides a
gas distribution process with minimized contamination
and particulétes. This process including the use of
a wet cleaning agent and an H,0 desorbing liquid
drying agent, thoroughly removes H,0 adsorbed to the
gas communication surfaces of the gas distribution
system as well as volatiie and other impurities
present in the network. The thorough removal of
adsorbed H,0 reduces undesirable reactions wiﬁh the
specialty gases that result in the generation of
particulates, contaminants and corrosion.

Accordingly, the present invention provides for the



I nvention are additionally perforned just after purging the ESG fromthe
di stribution network and before exposing the network, even very briefly,
to air. This reduces the occurrence of unwanted chemi cal reaction between
resi dual adsorbed ESG and Herr]O rmleculeg3 which will occur after air

SO

exposure. Indeed, such reactions between a rbed species are again
catal ytically aghhyai-ed a89iRepyobe attaCRighepaLiey %ﬁégénﬂttehéorros'on’
particul ates and formation of unwanted surface nol eCcules. In yet

anot her enbodi ngainef okh@sBresent invention, two cycles or nore of wet
cleaning (e.g. the first using e.g. DO water--less volatile--the second
using e.g. acetone orInabgasel tonvuetneratiiiastratd thel perekefte cycl e of
wet drying are conpleted. This sequence is particularly effective both
before and aftEknvenyierpandr ehef advgatagesntherabfpgthar fatdowahgt he gas
distribution network to an ESG particularly when the surface has been
exposed air. specifitngexaAmpdanisappvepri atebaing findersbopdotbst of the
present invention, it is intended for use_ before (a) any_ exposure (even
for a mininal tFARe i§ intended only as illustrative and in nowise

limitative.

Example

As an example on how to use the present
invention, the gas distribution network of Figure 2
has been used for the distribution of ultra high
purity dichlorosilane.

In Figure 2, high purity dichlorosilane
(comprising less than 1 ppm of volatile impurities
and less than 1 particle per liter of gas at normal
conditions) is emitted from a gas cylinder 57 through
a cylinder valve 51 in fluid communication with a
tube for gas circulation 56, an analyzer for.volatile
species 53 and a particle counter 54. ﬁetoxication
means 55, i.e. an inétrument which absorbs process
gases in order to avoid their release into the
environment, is further in fluid communication with
the analyzers exit. Optionally, an inert gas purge

can be introduced via inert gas purge connection 52.



air and,(b) before flowi ng the ESG through the gas distribution system or

any part thereof. The above process can be applied to a total gas
di stribution network. However, the nost critical parts are those involving
deep deadspaces such as found i mga val ve construction or other

conponents such as nmass flow controllers, pressure regulators, etc.
Accordingly, the present invention is specially directed to such
conponents in the gddndrstFemyeRbionabtgpeRating condi®ieR®: t he cl eani ng
and drying operati can_ be carrifd out panual (t.is also provided

ons, ly, . it
her eunder an apifFRnd of2CRYRVFYG %u?u’f'ﬁ%n?)r%e%%hl"&‘?e?he present

Wiha et o SHMEEHERT IS B ot g e g

G LML 01 S4Bl 40, Bl [EELA] ShOBRGGIL"S b Hh bty FT
initially a number of molecular species, due to
reactive degradation of SiH,Cl, on exposure to gas
handling components, are oﬁserved to contaminate the
gas reaching the analyzer and their concentration
decreases progressively with time as set forth in the
graphs of Figures 3 and 4 respectively on curves (1)
and (2) of each Figures 3 and 4. These decomposition
‘products are for instance HCl and (SiH, Cl1),0 as
disclosed in the article of A. Bruneau et al.
referred to hereabove. Finally, after flowing the
gas for typically 1 hour or-more, the level of
contaminants becomes stable, corresponding to the
high.purity of the cylinder gas. The same behavior
is observed when counting particulates, with a high
initial number, decreasing to zer§ after about 15
minutes or more of gas flow at about 30 standard
cubic centimeter/minute as set forth in Figure §, on
curve (1), top. These conditions are explained, at
least in part, by the presence of adsorbed moisture
on the metals parts exposed to air, which reacts with
SiH,Cl1, to generate above-mentioned impurities in
volatile and particulate forms. As depicted in the

graphs 3 and 4, the concentration of molecular



and the neans for liquid drying can be acconplished wth a single neans,
two separate neans can be used. That is the apparatus to carry out the
process of the present invention can include a single systemfor wet
cleaning and liquid drying or two systens, e for wet cleaning and one
for liquid drying. Accordi ng to one eftbodi nent, the wet cleaning
and/or liquid drying agent can be introduced into the gas distribution
net wor k manual | yspesdties colsyerved otvepetime r bslusdmewhasty statadexd\ity t 0 t hose
of skill in the art, and further- described hereafter. I n anot her
enbodi nent, the addttdienabrpoésshce vacuwh epurgingnfiwrves q(@d dryi ng
agents is achieved by the use of a circulation punp which circulates the
19 cleaning |i dgieePeskbi®kYihe whol e distribution network and then

further circulates the wet drying. liquid through the sane networKk.
According to a furthe?® E®RAKERBLeSRIELIOEER WS HF82% he devices |ike

val ves, mass flow controllers, etg. of,the .
. a) Wet cleanfng with acetone for 10 minutes

(less than 1,ﬁg/liter of solid residues);

b) High purity N, purge for 3 minutes (less than
100 ppb volatile impurities, less than 1 particle per
liter in normal conditions);

c) ﬁet drying with DMP for 10 minutes (less than
1 pg/liter of solid residues).

In order to illustrate the effectivéness of the
invention, the following experiments have been
carried out, using the same experimental device of
Figure 2 and using the device and process disclosed
in Figuré.l to clean/dry the cylinder valve head
assembly of cylinder valve 1. First of all, a 10
times pressure vacuum purge was applied to this
assembly as performed previously, followed by:

. A wet cleaning step with high purity acetone for
about 10 minutes, said ac;tone being of high
purity, i.e. comprising less than 10°%g of solid
particulate per liter, then

. A high purity nitrogen purge for about 10
minutes, said high purity nitrogen comprising

less than 100 ppb of volatile impurities per



di stribution network are cl eaned according to the process of the

I nvention, the injection of the I|iquids (cleaning and/or drying) is
preferably carried out through the use of capillary tubing as disclosed
on Figure 1, wherein it is provided a nech%%ically activated liquid
circulation system designed to reach deep deadspaces within the

conponents of the g dlstrl lon netwoyk in Iene jhg the process of
the present inventi of-eFHa® ‘g i?%?‘n arba tf'll%i% %%BVI% % qui d

fl ow, caplllarylrﬂé% ﬁﬁEE L%$§? #ééﬁ? 59 éfgiﬁQ ég SRages and

an assenbly allowng C Fean 71 n1n|na a|r posur &’ on
connection and , di scp t Al W tper
descri bed bel ow. e&&}m%-der vgk?{%& ﬁﬁe%]g{t{ %I y ofaf:l guri; 1
includes a cylinder wahyee]l, sQi&PﬂTéﬂﬁb@rléﬁrDﬁ@ Gom fi&fﬁ&eléssp0|yn9flc
sealing material such as D fTon fl'on or” others g? cylinder val ve port

6, gas flow from cythawedbdut f D659 PMesL HBrpartidd Rited pap inidesr val ve

8, polynmeric packing 9 and fitting and connector 10.
and less than 100 ppb of volatile impurities per

liter, standard conditions. Then, the cylinder
valve head assembly is vacuum purged, then
purged with high purity inert gas (or hydrogen)
having the same characteristics as the gas used
hereabove in the second step. The results
obtained are shown on Figures 3 and 4 {[curves
(3)] which shows that the equilibrium level are
reached in a much shorter time (and at a lower
level) than with the previous techniques. Also
on Figure 5, curve (2) is about immediately
flat, which means that the equilibrium in
particle count is reached very fast and at a

considerable lower level.



20 The cylinder val ve head assenbly is in fluid comuni ca“m"mm"lmmnu

| ength of capillary tubing 11 and a first end of a "T" type nal e "cofinett ot
12. A first end of a three-way d|aphragn1valv$5for wet cl eani ng and/ or
liquid drying inlet 20 is in fluid conmmunicatTon with a second end of the
"T" type male connector 12. W use ceram c cenent as a vacuum tight,
non-reactive and nYHASUESaSTAIMRE: 483netal bonding agent. A liquid punp
24 is in fluid communication with a second end of the three-way di aphragm
valve for wet <cleaning and/or liquid drying inlet 20. Liquid punp 24 is
further in fluid c ication wiith a.0. 1.lecr.lm filter.26 and. et

cl eani ng agent or ?lqu d EP?Fﬁ& f&ﬁeaﬂsﬁglgutlhg R&#ﬁ?rélgﬁdeFl ¥e

t hree-way di aphrag |.ve fQr L guk g, ' et 20
o in fuid commaREas of & SREGRABFIBHRIR) deShopk it hih i RAR

communi cati on “ﬁthcgnkakﬁhﬁkth'Ehﬁrp%%tQBQlates, comprising; (a)
purging said distribution network or any part thereof
with dry inert high purity gas comprising less than 1
ppm of any impqrity; (b) evacuating said distribution’
network or any part thereof at a pressure which is
lower than 5 x 10* Pascal; (c) liquid drying the gas
distribution network or any part thereof with an H,0
desorbing liquid drying agent selected from the group
consisting of acetone dimethylacetal DMP, 2-2
dichloropropane DCP or 2-2 dibromopropane DBP,
mixtures thereof and any equivalent thereof, and (d)
distributing an ultra high purity gas through the

distribution network or any part thereof.

2. The process according to Claim 1, further
comprising a step (b’) of wet cleaning the gas
distribution network or any part thereof with a wet
cleaningiagent, said step being carried out between

steps (b) and (c).

3. The process according to Claim 2, wherein the
step of wet cleaning is carried out for about 1 mh to

about 1 hr.



dry gas inlet 23. Dry gas inlet 23 is used for the LntroductioT ﬁl Rﬂ” ""I""I
gases (inert or reductive, wusually used between the cleaning s ! n e
drying step). A third end of the "T" type male connector 12 Is in
fluid communi cation sequentially with a thpge-way di aphragm val ve for
evacuation 14 by oil free vacuum punp 19, a three-way di aphragm valve 15
for noisture ) . 21 monitor by hygroneter
18, a di aphr agrh-valThe PFragres acrandinhda Ckpim Wt Ygidghighg and/ or |iquid
drying which is connected to recqvering neans, (not shown in the draw ng)
to recover thoSdSHORIELOm MV ‘%s’@EF high pyrityh&gasion, the
apparatus of Figure 1 js operated as follows: 1.. C.qse cylinder
vatver 1 O G apr i SR \HRROASAts T Bfthy Seredt |3
Insert capill a%fcliptixsax}en tr?evc zl-'tpedeex{ &’@é&’ eiSefore, wherein said wet

cleaning step is carried out for about 1 mn to about

2 mn,

5. The process according to Claim 2, using a
distribution network of ultra high purity gas
comprising essentially components or parts thereof
which have been used at least once before, wherein
said wet cleaning step is carried out for about 5 to

30 minutes.

6. The process according to Claim 1, wherein the
step (c) of liquid drying is carried out for about 1

mn to 20 mn.

7. The process according to Claim 6, using a
distribution network of ultra high purity gas
comprising essentially components or parts thereof
which have never been used befdore and having a
roughness for their internal surface Ra which is
lower than 5 x 10°m, wherein said liguid drying step

is carried out for about 1 to about 2 minutes.



5 Open val ve 20 and swi {¢h on e purp (24) (aul omiti ) 8?””Hlllﬂ3mﬂtlﬂlﬂllllllllll

(manual ), and send cleaning liquid (25) to cylinder valve throug
capillary tubes; 6. Monitor the colo29or pH of vent |iquid;
Continue to clean until vent liquid become colorless of pH7; 8.

After cleaning, ha@ﬂ? gggcﬁggsgbcgkhﬁﬁgd@%tElﬁgﬁVGChﬁgkﬁgl adgent, and

i ntroduce dry c em cal” agent nto C er va After

| ntroducing of dikeehenkonh fuefork S Lak:a! hibhepaupy(gdy and ol ose

val ve 20; en valve 21 and intro ry gas purge the line
until no |'qU'dcbﬁp9Q§§h§e@s§bn£§a§ yleQPGQEhts or parts thereof

22 11. If very short dry-d ime I's necessary, close valve 16, 21,
and open valve &ﬁlcﬁnﬂaﬁﬁa%%&hEused at least once before and having

a roughness 6f their internal surface Ra which is

higher than 5 x 10°m, wherein said liquid drying step

i§ carried out for about 10 minutes or more.

9. The process according to Claim 2, wherein said
wet cleaning agent is a liquid comprising less than 1

mg per liter of particulate material.

10. The process according to Claim 2, wherein said
wet cleaning agent is a liquid comprising less than

10% g. per liter of particulate material.

11. The process according to Claim 9 or 10, wherein
said wet cleaning agent is selected from the group
comprising deionized water, isopropyl alcohol,

acetone or mixture thereof.

12. The process according to Claim 2, further
comprising repeating steps (b’) and (c) before

carrying out step (d).

13. The process according to Claim 1, further

comprising purging the gas distribution network or



cyl i nder.val ve by vacuum punp (19); 12. C ose valve 14 }mwmﬂﬂ lmH”m
16, 21, and purge cylinder valve by dry gas; 13. Open v

cl ose,valve 16, and nonitor noisture concentration in dry gas by
hygr onet er; 14. Continue to dry down @glinder valve by nvoisture
concentration of <Ippm 15. Di sconnect the connector (10) of

Then put bl nd £45 BRFECHReRaER %@F‘“@t iBert' Y BBRhRERYS oRE procent

i nvention prOV|gg§ %enggie gsgg P rocess W th n1n|n1zed cont am nati on
and particul ates. ¥ ‘the use of a wet cleaning agent
and an Herr]O desorblng liquid drylng agent, thoroughly renoves Herr]O
adsorbed to the gas conmunication surfaces of the gas distribution system

as well as volaijle end 9kbebssrra%bka§ﬁg pbeeehlinmi A3t heha.%w kaidhe
t hor ough renoval of adsorbed Herr]O reduces undesirabl e reactions wth

the specialty gnses bbaredastlivei gakhesgsageateanepbm £R&! eBlipt es,
contam nants and corrosi on.

comprising nitrogen, argon, helium or hydrogen.

15. The process according to Claim 13 or 14, wherein
said inert or reductive gas comprises less than 100
ppb of volatile impurities and less than 1 particle
per liter under standard conditions of temperature

and pressure.

16. The process for distributing ultra high purity
gases of Claim 1, wherein said gas distribution

network includes at least one cylinder valve.

'17. The process according to Claim 16, wherein said
cylinder valve is submitted at least to step (b’) and
{c) before and after each contact of its internal

surface with ambient air.

18. The process according to Claim 1, further
comprising purging the gas distribution network or
any part thereof with a high purity inert gas after
step (4) ané before exposing tb ambient air the said

gas distribution network or any part thereof.
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In order to further illustrate the present invention and the advantages
thereof, the followng specific exanple is,given, it being understood that
sane is intended only as illustrative and in nomﬁse limtative.

Exanpl e As an exanple on how to use the present invention, the gas

di stribution nethfor k PofPTACRRSe £2T M%%@@Wlﬂﬁé%ﬁmﬁbut i on of
ultra high purity dic rosila n.Figure 2, high. purit
di chl orosi | ane (% qﬁ%ﬁ& g%(%élr}sfr t&P%v& LUt s Righ Pugdtyand

| ess than 1 partlcl per | i t.er, of t nor@m
gases, comprising o eps ©

sequentially (i) wet
cleaning a gas distribution network or any part
thereof with a wet cleaning agent, (ii) liquid drying
the gas distribution network or any part thereof with
ah H;0 desorbing liquid drying agent, (iii) purging
the gas distribution network or any part thereof with
a high purity inert gas, (iv) distributing an ultra
high purity gas through the distribution network or
any part thereof, (v) purging the gas distribution
network or any part thereof with é high purity inert
gas, (vi) wet cleaning a gas distribution network or
any part thereof with a wet cleaning agent, and (vii)
liquid drying the gaé distribution network or any
pért thereof with an H,0 desorbing liquid drying

agent.

20. The process for minimizing contamination and
particulates in the distribution of ultra high purity
gases of Claim 19, further comprising twice wet
cleaning the gas distribution network or any part
thereof with a wet cleaning agent, and liquid drying
the gas distribution network or any part thereof with

an H,0 desorbing liquid drying agent after step (vii).



conditions) is emtted froma gas cylinder 57 through a cyli nmum lmmﬂ””m
in fluid comunication with a tube for gas circulation 56, animel
volatile species 53 and a particle counter 54. Detoxication nearfs 55" & *
i.e. an instrunent which absorbs process @mes in order to avoid their

rel ease into the environnment, is further in fluid communication with the

anal yzers exit. tiopall n.in Ur an.he.introduced via inert

gas purge conne%??on e %ro%ess %%& %3%1%&2%%9 ont mlnaklonzgn Under
conventional op ! | ;1.0 I3y el a | e .our

cylinder conne %?g%,g%ﬁg%gt g 3%? Fﬁbms %H?%Séhggug%%¥% ﬁ%gpmgpgqggﬂ

depi cted in Figynged be b&siﬂ‘nalsngeh%ueiw%r- iRgNeiee @keol ecul ar

species, due to~ reactive degradation of Si Cl['err| on exposure to gas

handl i ng conponglkanidge thlas gaked it rd PativnN detwboRf oﬂaan&?Pﬁb}i:ng t he
anal yzer and their concentration decreases progressively wih tine as set

forth in the gthpbeodf wEithuaewet aldahingspegentyehndoniguivedrying

the gas distribution network or any part thereof with
an H,0 desorbing liquid drying agent after step (ii)

and before step (iii).

22. The process for minimizing contamination and
particulates in the distribution of ultra high purity
gases of Claim 19, further comprising (viii) exposing
the gas distribution network, or any part thereof to

"ambient air.

23. A process for minimizing contamination and
particulates in the distribution of ultra high purity
gases, comprising; (i) wet cleaning a gas
distribution network or any part thereof with a wet
cleaning agent and thereafter (ii) liquid drying the
gas distribution network or any part thereof with an

H,0 desorbing liquid drying agent.

24. A process according to Claim 2, further
conmprising purging the gas distribution network or
any part thereof with an inert or reductive gas

between steps (b’) and (c).



and (2) ,of each Figures 3 and 4. These deconposition product n

instance HC1 and (SiH err] d)[err]0 as disclosed in the artisumnu 1""""””"'
Bruneau et al. referred to hereabove. Finally, after flowing the ® gas for® *
typically 1 hour or nore, the |evel of c3ntam nants becones stabl e,
corresponding to the high purity of the cylinder gas. The sane behavi or

i s observed whexs countprGcesst a6tbBdLhg ¥blOLAIMI D) whenréiml uDtwrder,
decreasing to zero after about 15 mnutes or nore of gas flow at about 30
standard cubi chigittpurity/gasulie an ekéctoonricispécialeySgasn curve (1),
top. These conditions are explained, at |east in part, by the presence of
adsorbed noisture on the netals parts exposed to air, which reacts with

[err] to generate above-nentioned inpurities in volatile and particulate
forms. As depi 2®d iA phecegsaatsosding 4o Clhaimo2Zerwhexebm e ol ecul ar

25 species observed over tinme is somewhat reduced bg
electronic specialty gas is selected from the group

consisting of SiH,, SiH,Cl,, SiF,, SiH;, Si,H,,BCl;, BF;,
B{CH,) , BZHG, PH,, P(CH,;),, Phosphorus organics, AsH,, As
organics, organometallics of Al, du, Ta, W, WF,, MoF,

UFs, TaCl,.



addi ti onal pressure vacuum purging [curves (2) respectively]. In the
exanpl es hereabove, we used:- a) Wet cleaning with acetone for 10
mnutes (less than 1 ng/liter of solid residues); b) Hi gh purity

N[ err] purge for 3 mnutes (less.than 10G4ppb volatile inpurities, |ess
than 1 particle per liter in normal conditions); C Wet drying with
DVP for 10 m nutes &Iess than 1 [err]g/liter of solid residues). I n
order to ill ustr & EROGESE FOE: DESARIBUGINGHe ULTRAcHIGHN PURAEYS GASBBI ng
experi nents haveWBEENMINIMIZED GONTAMINAFIONcANDNPARTECULA®ESal devi ce of
Figure 2 and using the device and process disclosed in Figure 1 to
clean/dry the cylinder valve head assenbly of cylinder valve 1. First of
all, a 10 times pressure vacuum purge was applied to this assenbly as

performed previously, followe : | tep with high
purity acetone for abougkégﬁ%ﬁ%ﬁt%€:¥§§iéigggégﬁﬁgbeing of high
purity, i.e. conprising less than 10[err]g of solid particul ate per
liter, then . A high purity nitrogen purge for about 10

. A process for distributing ultra high purity
&ases with minimized contamination and particulates.
including; (a) purging said distribution network or
any part thereof with dry inert high purity gas
comprising less than 1 ppm of any impurity; (b)
evacuating said distribution network or any part
thereof at a pressure which is lower than 5 x 10*
Pascal; (b’) optionally wet cleaning a gas
distribution network or any part thereof with a wet
cleaning agent, thereafter (c) liquid drying the gas
distribution network or aﬁy part thereof with an H,0
desorbing liquid drying agent selected from the group
comprising acetone dimethylacetal DMP, 2-2
dichloroprépane DCP or 2-2.dibromopropane DBP,
gixtures thereof and any equivalent thereof, and (d4)
distfibuting an ultra high purity gas through the

distribution network or any part thereof.

Figure 1



. - - . . . . ' r

m nutes, said high purity nitrogen conprising | ess th”nTﬂébS Tigfs BRE

vol atil-e inpurities per 26 |ter ﬁec = 3
than 1 particle per liter, under standard conditions of tenpérature and

pressure; A wet drying with high purity DMP for about 1 mnute, said high
purity DMP conprising |less than about 10[err]g of solid particul ates per
liter and |l ess than 100 ppb of volatil

i éypurities per liter, standard
conditions. Then, the cylinder valve é a [

ssenbly i s vacuum purged, then
purged with high purity inert gas (or hydrogen) having the sane

characteristics as the gas used hereabove in the second step. The results
obt ai ned are shown on Figures 3 and 4 [curves (3)) which shows that the
equilibriumlevel are reached in a nuch shorter tinme (and at a | ower

| evel) than with the previous techniques. Also on Figure 5, curve (2) is
about inmmediately
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flat, which nmeans that the equilibriumin particle count isjraaghgfctery: seen

fast and at a considerable |ower |evel. REPLACED |
27 WHAT IS CLAIMED | S: 1. A process for distributing ultia-high—purity

i

gases in a gas distribution network with mnimzed contam nation “and
particul ates, conprising; (a) purging said distribution network or any
part thereof wth dry inert high purity conprising less than 1 ppm of
any inpurity; (b) evacuating said dlstrl%ggfo network or any part thereof
at a pressure which is Jlower than 5 X 10[err] Pascal; (c) liquid drying
the gas distribution network or any part thereof with an Herr]O
desorbing liquid drying agent selected fromthe group consisting of

acet one di net hyl acetal DMP, 2-2 dichl oropropane DCP or 2-2 di bronopropane
DBP, m xtures thereof and any equivalent thereof, and (d) distributing an
ultra high purity gas through the
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di stribution network or any part thereof. 2. The process]] tEDBUEAYHIE BEEN
Claim1I, further conprising a step (b') of wet cleaning the gas REPLACED

distribution network or any part thereof with a wet cleaningagent,—sard
step® being carried out between steps (b) and (c). 3. The process

according to Claim?2, wherein the step of wet cleaning is carried out for
about 1 nmm to apout 1 hr. / 28 4. The
process according to daim2, using a %i sﬁri bution network of ultra high
purity gas conprising essentially conponents or parts thereof which have

never been used before, wherein said wet cleaning step is carried out for
about 1 nmm to about 2 mm.
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5. The pr.ocess accor di ng to Caim2, using a distribution n¢twisksHEETUAS BEEN |
hi gh purkity gas conprising essentially conponents or parts tiher eoRgpPWATED
have heen used at | east once before, wherein said wet clean - FFStEpP~—IFFr==m=r=

carried out for about 5 to 30 m nutes. 6. The process according to
Claim1, wherein the step (c) of liquid drying is carried out for about 1
m to 20 mm. 7. The process accordi ng4t/gClaim6, using a distribution

network of ultra high purity gas conprising essentially conponents or
parts thereof which have never been used before and having a roughness
for their internal surface Ra which is lower than 5 x 10[err]m wherein
said liquid drying step is carried out for about 1 to about 2 m nutes.
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8. The pgocess according to C aim6,

hi gh puyrity gas
have kheen used at

internal surface Ra which is
drying step is carried out for about 10
according to Claim2, wherein said wet & éhning agent is aliquid
conprising less than 1 ng per
process according to Claim?2, wherein said wet cleaning agent

| east once before and havi.ng

i nutes or

using a distribution net
conprising essentially conponents or

parts thereof pephiagk

s ohiekt

H#38 BEEN
GRD

a roughness oft=thew

liter of particulate materi al

nor e.

conprising less than 10[err] g. per liter of particulate materi al

The process according to Caim9 or
sel ected fromthe group
acetone or mxture thereof.
further conprising repeating steps (b') and (c) before

10, wherein
conpri sing dei oni zed wat er,

sai d wet cl eaning agent

sopropyl al coh

12. The process according to Caim 2,

[Te]

o
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TIME (MIN)
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10. fhe
is aliquid

hi gher than 5 x 10[err]m wherein said |iquid
9. The process

11.
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carrjing out step (d). 13. The process according to Clai”‘11§‘HE?ﬂE£mﬁENT£;;

conprising purging the gas distribution network or
30 any part thereof with an inert or reductive gas between st ¢psg

(d). 14. The process according to Caim13, wherein said in Ba&guzgﬂgx"gmﬁ"
reductive gas is selected fromthe group conprising nitrogen, argon,

hel i um or hydrogen. 15. The process accgrigng to Caim13 or 14, wherein
said inert or reductive gas conprises l'ess than 100 ppb of volatile
inmpurities and less than 1 particle per liter under standard conditions of

tenperature and pressure. 16. The process for distributing ultra high

purity gases of Caim1l, wherein said gas distribution

&

S
T
Vg
h oY
A
]
\
e
@
Nt 3 l
< a
| Q
™ 5 e~
o L W
- g
N® % ;é
L © S
- | ~ T )
Q
A . =<
-
=
Jo

5
6.—



I

OI’

?S“‘

---------------

net work includes at |east one cyl i nder val ve. 17. The pro
to daim1l16, wherein said cylinder valve is submtted at le
(b") and (c) before and after each contact of its internal

EE gNTSH“ET

AY g6

--------------

anbient air. 18. The process according to Claim1l, further conprising
purgi ng the gas distribution network or any part thereof with a high
purity inert gas after step (d) and bef exposing to anbient air the

said gas distribution network or any pa t her eof .

31 19. A process for mnimzing contam nation and particulates in the
distribution of ultra high purity gases, conprising the steps of
sequentially (i) wet <cleaning a gas distribution network or any part
thereof with a wet cleaning agent, (ii) liquid drying the gas distribution
network or any part thereof with

55

/~53
54

FIG..2

52
57

51



an H[err]O desor bi ng

distribution network or any part thereof with

(iv) distributing an u
network or any part t
any part thereof with

di stri buti on network or

(vii) liquid drying t
an Herr] O desorbing

(iii) purging th

iquid drying agent,
a high purit

GEELACEMENT SHEET

inert

Itra high purity gas through the dist
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her eof ,
a high purity inert
any part there
he gas distri butI3I4 é:ne
iquid drying agent.

gas, (vi) wet cle
th a wet cleanin
twork or any pa

20. The proces

(v) purging the gas distribution

Net Wor K or
ani ng a gas

g agent, and

rt thereof with
s for

m ni m zing contam nation and particulates in the distribution of ultra

hi gh purity gases of

gas distribution network or any part
the gas distribution network or any part thereof with

and liquid drying
an H20 desorbing liqu

Claim19, further conprising tw ce wet

thereof with a wet cle

d drying agent after step (vii).

cl eaning the
ani ng agent,
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[ o
32. 21. The process for mnimzing contam nation and parti Lﬁ?ﬂ%@?f?f%ﬁﬁbEET
distribution of ultra high purity gases of Claim18, further cq%g)rﬂsgm\{ 1806
twice wet cleaning the gas distribution network or any part eof i

a wet cleaning agent, and liquid drying the gas distributionnetwrk or
any part thereof with an Herr]O desorbing liquid drying agent after step
(ii) and before step (iii). 22. The gpyegecess for mnim zing

contam nation and particulates in the distribution of ultra high purity
gases of Claim 19, further conprising (viii) exposing the gas distribution
network, or any part thereof to anbient air. 23. A process for

m nim zing contam nation and particulates in the distribution of ultra
high purity gases, conprising; (i) wet cleaning a gas distribution
network or any part thereof with a wet cleaning agent and thereafter (ii)
liquid drying the gas distribution network or any part thereof wth an

H err] O desorbing |iquid drying agent.
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24: A process according to Caim2, further conprising purgﬁ
distribution network or any part thereof with an inert or

bet ween steps (b') and (c).

r

i
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A process according to Claim1, wherein ultra high purity gas-ts—an

el ectronic specialty gas.

26. A process according to Caim25, wherein
the electronic specialty gas is selectesl/&omthe group
SiHerr], [err] SiF[err], Si[err]Herr],

B(CH err]), Blerr]Herr], PHerr],

TaCl [err].

g,

Sl

P(CH err],
organi cs, organonetallics of Al, Cu, Ta, W Wjerr],

Si[err]Herr],BCl[err],

Phosphorus organics,

MoF[err],

LR
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