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BACKGROUND OF THE INVENTION

Field of the Invention

20
This invention relates generally to storage and dispensing systems for the
selective dispensing of gaseous reagents, e.g., hydride and halide gases, from a
vessel or storage container in which the gas component(s) are held in sorptive
relationship to a solid sorbent medium, and are desorptively released from the
25 sorbent medium in the dispensing operation. The invention relates more
specifically to gas cabinet assemblies containing one or more sorbent-based gas
storage and dispensing vessels of such type, coupled to a gas dispensing manifold

and/or other flow circuitry, to selectively dispense the gas from the vessel and



and/or other flowcircuitry, to selectively dispense the gas fromthe
vessel and 1 WD 01/83084 PCT/US01/ 13922 gas cabinet to a downstream
process wd01/8384., a sem conductor nmanufacturing faciliPgT/UBagBpi2pti on of
the Related Art 5 In the manufacture of sem conductor materials and
devices, and in various other industrial processes and applications, there
is a need for ogasehbiabl ® a downsiecanf plogelsiwilc egnda bahicdhducgasamufidunyngf
such gases, including for exanple silane, germane, ammoni a, phosphi ne,
arsine, diboranggili§ti bi ne, hydrogen sul fide, 10 hydrogen sel eni de, hydrogen
telluride, and correspondi ng and other halide (chlorine, brom ne, iodine,
and fluorine) conpounds, as a result of toxicity and safety

consi derations, nust be carefully stored and handled in the industri al

process facility. 15.The ﬁazg UE h¥ rides arsine (AsH3) and phosphi ne (PH3)
are conmmonl y Besgription of MR REared ldtnic (As) and phosphorous (P) in ion
inplantation. Due to their extreme toxicity and high vapor pressure, their
use, transportation and storage raise significant safety concerns for the
sem conductor industry. lon inplantation systens typically use dilute
m xtures of AsH3 andnPtie manplaglss rof sseageensiuptoy Hmaterials omdp dejcesa and in
catastrophic rel ease of these high pressure cylinders could pose a serious
i njury pot ent i atarians othee indieiainhptosedsedhambappdicatiorBathect Bra hdedsfer a reliable
considerations, the ion inplant user nust choose between

source of hydridic and halidic gases. Many of such gases, including for example

silane, germane, ammonia, phosphine, arsine, diborane, stibine, hydrogen sulfide,

10 hydrogen selenide, hydrogen telluride, and corresponding and other halide
(chlorine, bromine, iodine, and fluorine) compounds, as a result of toxicity and
safety considerations, must be carefully stored and handled in the industrial

process facility.

15 The gaseous hydrides arsine (AsH3) and phosphine (PH3) are commonly
used as sources of arsenic (As) and phosphorous (P) in ion implantation. Due to
their extreme toxicity and high vapor pressure, their use, transportation and
storage raise significant safety concerns for the semiconductor industry. Ion
implantation systems typically use dilute mixtures of AsH3 and PH3 at pressures

20 as high as 1500 psig. A catastrophic release of these high pressure cylinders

could pose a serious injury potential and even death to fab workers.

Based on these considerations, the ion implant user must choose between

solid or gas sources for arsenic and phosphorous species. Switching from As to P



solid or gas sources for arsenic and phosphorous species. Switching from As
to P 2 WD 01/83084 PCT/US01/ 13922 on an inplanter with solid sources can
take as vobgr/s®sH0 m nutes. The sanme species change requP€EESaI3y2215

m nutes with gas sources. However, arsine (AsH3) and phosphine (PH3), the
two nost comonly used source gases, are highly toxic. Their use has
recently been tdwead daplantef withdedidrsearteaiche tdkecss ldug ak ®0ominueess dflet yanaspect s
of handling and processing these gases. Many ion inplantation systens

utilize hydri depgdss SRageSRqsidaPbh1fdl Rsmislitkd wethTha stlses( 1Pok@Wr, akdine
either 0.44 L or 2.3 L cylinders at pressures of 400 - 1800 psig. It is the

t LN | t hat
concern _over {herRj 833 Whbsshile SHHPURAR Host BnBRRESuEHARLAY dadens, tha

has pronpted user investigate’s alternatives. at ent
4,744,221 issued Ny 17,1988 to Karl .0, Knpl |.nuel Ler. discloses nmet hod
of storing and%s‘%}ggé‘aﬂ%n?ﬁ?r test hag &voeniy 9?%tﬁ%?00590£meawﬁﬁ @ﬂen&%%ﬁ%toat a
tenperature of from about -300C to about +300C with a zeolite of pore size

in the range ofth¢ safptyaspests &f hapdlammband precessige thesegases Muayien mplamation 15
the zeolite, and then dispensing the arsine by heating the zeolite to an

el evat ed t enpesysieonseutdize upydride agas LioutcéS Guppliedsad fliletieemixtoiesd 10-5v@) ense
the arsine from the zeolite material. The nethod disclosed in the

Knol I nuel | er padi#st 0.48 ldéﬁﬁﬂlﬁdyﬂiﬁﬂﬁ@uﬁﬁ)ﬂeﬁbure%(bm_et- 1800 fpeigyi It BShé Béncern
provi sion of heating neans for the zeolite material, which nust be

constructed andygf iRNGRErQIACEH rddiSe 28U fated Front EflifdeRNhat BEPHIAIPEEL L O
users to investigate safer alternatives.
10
U.S. Patent 4,744,221 issued May 17, 1988 to Karl O. Knollmueller

discloses a method of storing and subsequently delivering arsine, by contacting

arsine at a temperature of from about -300C to about +30°C with a zeolite of
pore size in the range of from about 5 to about 15 Angstroms to adsorb arsine on

15 the zeolite, and then dispensing the arsine by heating the zeolite to an elevated

temperature of up to about 175°C for sufficient time to release the arsine from

the zeolite material.

The method disclosed in the Knollmueller patent is disadvantageous in
20 that it requires the provision of heating means for the zeolite material, which
must be constructed and arranged to heat the zeolite to sufficient temperature to

desorb the previously sorbed arsine from the zeolite in the desired quantity.



desorb the previously sorbed arsine fromthe zeolite in the desired
quantity. 3 WO 01/83084 PCT/US01/ 13922 The use of a heating jacket or

ot her neav@ows308si or to the vessel hol ding the arsine-beaPChgsaeshize is
problematic in that the vessel typically has a significant heat capacity,
and therefore introduces a significant lag tinme to the dispensing
operation. Further, Teatsend adicating javketc@usther means@xtteno p deeveséel hekiihg i ng
in the formati on of hydrogen gas, which introduces an expl osive hazard

into the proceske Ssih@Brariipdizéd1ROak | probleh@tic tinetham| thy -vesehl aypidally has a
deconposition of arsine effects substantial increase in gas pressure in

the process syssrg/ﬁ{mcaq@?lgg ?ggaatﬁ%nmér@m gr%tfﬂdﬁe&vg@fg%g-?@gg 1af§rt@rﬁbtt8€fhe

st andpoi nt of system operating efficiency. rovi st on of

interiorly disp .neat i ng. coil or er..heatd ng. el nts, .in the zeolite

bed itself is pﬁ%ﬁ%ﬁ% SePiohioe. FRFmE ORRARE He, Acf; SRR, % 44 hebiiBod:

uni formy heat th .zeol'tgbedto ieve the desire unifo%git.ﬁ gf ar si ne
°o? Okt

c
gas relbase. ESUFie dbe Srnplion 8 Rudiogehpes, Hbich pEathep A g R3H t he
bed of zeolite in its containment vessel may overcone_ the foregoing
defi ci enci es, boto theprocessiysien: rdditionalgsuish fhermabi-icsiated drsompasiden ehr ri er
gas desorption of arsine nmay be undesirably high or otherw se unsuitable
for the end usershe effectarssbstantphscrese 20 ghhptesawelin e procedsheystet, edtickent i s
required to condition the di spensed gas for
may be extremely disadvantageous from the standpoint of system life and
operating efficiency.
10
The provision of interiorly disposed heating coil or other heating elements
in the zeolite bed itself is problematic since it is difficult with such means to
uniformly heat the zeolite bed to achieve the desired uniformity of arsine gas
release.
15
The use of heated carrier gas streams passed through the bed of zeolite in
its containment vessel may overcome the foregoing deficiencies, but the
temperatures necessary to achieve the heated carrier gas desorption of arsine may
be undesirably high or otherwise unsuitable for the end use of the arsine gas, so

20 that cooling or other treatment is required to condition the dispensed gas for

ultimate use.

The present invention contemplates a gas storage and dispensing system,

for the storage and dispensing of reagent gases, such as hydride and halide gases,



ultimate use. The present invention contenplates a gas storage and

di spensing system for the storage and di spensi ng of reagent gases, such
as hydri aeoangBokal i de gases, 4 WO 01/83084 PCT/ USO01/ 1392PCTWRIICI3922ver cOmes
t he above-di scussed di sadvant ages of the nethod disclosed in the
Knol I muel | er patent. The systemof the invention is adapted for storage and
di spensi ng of avhigh avereomes thstabog¢-diseusyed disgdemtnges nﬁth@dmn@owmcmgd and
hal i de gases, and is selectively operable at anbient tenperature |evels,
but is abl e to thé Kaollinueller patent.l i ze t he hi gh storage (sorptive) capacity of
physi cal adsorbents such as zeolite materials. 10 SUVWARY OF THE | NVENTI ON
The present invention relates to a gas supply system The gas supply system
i ncl udes a gas cabi net defining an enclosure i ncl udi ng therein a gas

di spensing nmani f ol dpan sRBP e enc OSU?%aQ%P?Qr 8&%&%'glow

di spensing vessels 15 unte and | ol I ngas

communi gat i on \%IHF va'{'eet}g%sf T ggésrﬁe% 'epgmnﬁl'a drtl(ileh%ng ]E]lgarh gﬂé“%ﬁ %ﬂ s&fety

mai nt ai ned under oW Or- nega ressu 1ons

in the event of ] eakage of as fromthe as st ra a d|s ns|
vessel (s) in ti'?‘@ie ? H% end B ?a§§%t‘ﬁgha§“5%2@gh ?de
downst r eam gas- consuning unit such as a process unit in a seniconductor
manuf act uri ng fuibize ithe/high stpragea(sotpgine) erpheift el bhyaisakadsarbentarsbel as zecditeri cal
vapor

materials.

10 SUMMARY OF THE INVENTION

The present invention relates to a gas supply system. The gas supply system -

includes a gas cabinet defining an enclosure including therein a gas dispensing

manifold and one or more adsorbent-based gas storage and dispensing vessels
15 mounted in the enclosure and joined in gas flow communication with the gas

dispensing manifold.

The enclosure may be maintained under low or negative pressure

conditions for enhanced safety in the event of leakage of gas from the gas storage

20 and dispensing vessel(s) in the enclosure. The gas supply system may be coupled
to a downstream gas-consuming unit, such as a process unit in a semiconductor
manufacturing facility, e.g., an ion implanter, an etch chamber, a chemical vapor

deposition reactor, etc.



deposition reactor, etc. 5 WO 01/83084 PCT/US01/13922 The adsorbent - based
gas storage and di spensing system constitutes an adsorpti on-desorption
appar at uve 01/8¥8vr age and di spensing of a gas, e.g., a gaBCTA80EBPRd from
the group consisting of hydride gases, halide gases, and organonetallic
reagent gases, such as G oup V conmpounds. The adsorption- 5 desorption
appar at us conpri ses:The sdsortmgtbased gis speage agd \dispsading epstemucinstitusasdan
arranged for holding a solid-phase physical sorbent medium and for
sel ectively fl asdgtigRdeddnpto aftiis fopfstdrhee MﬁB&i@lbe;nsik% &f phs, @-ghhngss
physi cal sorbent nedi um di sposed in said storage and i spensi ng vessel at
an interior ga S : S t L Bhy8i i r j d
sol i d- phase phf/sg?ggla gl(rg)r eﬁr?te glrlogﬁng%ﬁ%]ngaggilg}?gﬁgi g%%g’sglgﬁ%e?%ag?fjp?nedd in
gas flow communjcation wth t ol agde I §pPensi essel )
constructed ang) rgaﬁ}}oénr\eéaéﬁé tr%agﬁggé?%gef, §Lﬁgxatsg§?o& |§7 %ﬁﬂsoglg glé{s?%l(rgaagdg&gﬁan
di spensi nhg vesz%l, agl[i)ressure bel ow said interior 20 pressure, to effect
desor ptihn of GPYRIEN RRATIPSEAPRISCYo)| j d- phase physical sorbent medi um
and gas fl ow of desorbed gas through the dispensing assenbly; wherein the
sol i d- phase physical sorbent nediumis devoid of trace conponents selected
fromthe group consisting of water, netals, and oxidic

a storage and dispensing vessel constructed and arranged for holding a

solid-phase physical sorbent medium, and for selectively flowing gas into and out
of the vessel,
10
a solid-phase physical sorbent medium disposed in said storage and

dispensing vessel at an interior gas pressure;

a sorbate gas physically adsorbed on said solid-phase physical sorbent

15 medium;

a dispensing assembly coupled in gas flow communication with the
storage and dispensing vessel, and constructed and arranged to provide,
exteriorly of said storage and dispensing vessel, a pressure below said interior

20 pressure, to effect desorption of sorbate gas from the solid-phase physical sorbent

medium, and gas flow of desorbed gas through the dispensing assembly;

wherein the solid-phase physical sorbent medium is devoid of trace

components selected from the group consisting of water, metals, and oxidic



6 WO 01/83084 PCT/US01/13922 transition netal species (e.g., oxides,
sulfites and/or nitrates) sufficient in concentration to deconpose the
sorbate eQ0i/88084i d storage and di spensing vessel. |n suchCEpp@armpars, the
sol i d- phase physi cal sorbent nediumcontains less 5 than 350, preferably

| ess than 100, nore preferably I ess than 10, and nost preferably |ess than
1, part s- per - nittahsition biyetaki spbtienf(egr, acxdesy nquifitestamdéoe| eittated) suffomiertthm gr oup
consisting of water and oxidic transition nmetal species, based on the

wei ght of the RBNSnEatios® RRBpsIRAhe Forbdie ghlint AR APHARE ald/Gispdnsin@aressel.
i nvention, the solid-phase physical sorbent nedium concentration of trace

conponents selected fromthe group consisting of water and oxidic
transition nmetal species, based on the weight of the physical sorbent
medi um desirably i

preferably nore t haﬁnifﬂo uégliﬁgairﬁtkh% olﬁ%&%g@éﬁ%ﬁs{c%? %%Egrg[%ﬁ %‘rﬁf@ c?/)ggarinsa]teSSZSOC

and 15 said interi ressure. In anpther aspegt, the prese i nventj on
relates o an é]%laé‘o?’gé’i BF??GT@QX&F& H@H drae F%F%]?lygf’ﬁr g HhPn 898hsi ng
of a gas, e.g., a gas selected fromthe group consisting of hydride dgases,
hal i de gases, amfesblyalesntealll parts-mpronplien by yseghi@f rase comppraisataleste
conprising: 20 a storage and di spensi ng vessel constructed and arranged for
hol di ng a sol iftbnp besgroph gensistingsxf rvreert andewkiidimtraasitiod oreta espeaies, besed dd owi ng
gas into and out of said vessel;

the weight of the physical sorbent medium.

10 In the apparatus of the invention, the solid-phase physical sorbent
medium concentration of trace components selected from the group consisting of
water and oxidic transition metal species, based on the weight of the physical

sorbent medium, desirably is insufficient to decompose more than 5%, and

preferably more than 1% by weight of the sorbate gas after 1 year at 25°C and
15 said interior pressure.

In another aspect, the present invention relates to an adsorption-
desorption apparatus, for storage and dispensing of a gas, e.g., a gas selected
from the group consisting of hydride gases, halide gases, and organometallic
Group V compounds, said apparatus comprising:

20

a storage and dispensing vessel constructed and arranged for holding a

solid-phase physical sorbent medium, and for selectively flowing gas into and out

of said vessel;



7 WD 01/ 83084 PCT/ US01/13922 a solid-phase physical sorbent nedi um di sposed
in said storage and dispensing vessel at an interior gas pressure; a
sorbate eQopkspss cal ly adsorbed on said solid-phase physieal/usariseat 5
medi um a di spensing assenbly coupled in gas flow communication with the
storage and di spensing vessel, and constructed and arranged to provide,
exteriorly of said steolaiphaadplyisspkesaibagt vedsmt dispopedds manl beragy sad d
interior 10 pressure, to effect desorption of sorbate gas fromthe

sol i d- phase phyfdpeasing OeRENt an ieiioiBas prdsigas fl ow of desorbed gas through
t he di spensing assenbly; wherein the solid-phase physical sorbent nedium

concentration of trace conponents selected fromthe group consisting of
water, nmetals, and oxidic 15 transition netal species, based on the weight

of the physical sorhe di LS, fflcient t.0 d Si ti of
t he sorbate gas resul (}rlﬁgcgi%?lg%y«%ﬁ%lhgﬁgsgrb%&? S?ﬁdsogfragtf%é?%ﬁﬁgsqp%rsghieﬁgn a
10%ri se§]i ninterjor pressure after 1 week at 250C in said storage and
di spensithg vesd®{¥UBy | n such apparatus, the solid-phase physical sorbent
medi um desirably contains |less than 350, preferably |ess than 100, nore
preferably | ess than 10, and nost preferably less than 1,
part(s)-per-mllion by weight of trace conponents selected fromthe group
consi sting of water adipensing @ssendolysicoiplad met gds fpwccewmunizatend with tthe
wei ght of the physical sorbent nedium 8
storage and dispensing vessel, and constructed and arranged to provide,
exteriorly of said storage and dispensing vessel, a pressure below said interior
10 pressure, to effect desorption of sorbate gas from the solid-phase physical sorbent

medium, and gas flow of desorbed gas through the dispensing assembly;

wherein the solid-phase physical sorbent medium concentration of trace

components selected from the group consisting of water, metals, and oxidic

15 transition metal species, based on the weight of the physical sorbent medium, is
insufficient to cause decomposition of the sorbate gas resulting in more than a

25%, and preferably more than a 10% rise in interior pressure after 1 week at

259C in said storage and dispensing vessel.

20 In such apparatus, the solid-phase physical sorbent medium desirably
contains less than 350, preferably less than 100, more preferably less than 10, and
most preferably less than 1, part(s)-per-million by weight of trace components
selected from the group consisting of water and oxidic transition metal species,

based on the weight of the physical sorbent medium.



WO 01/83084 PCT/US01/ 13922 Still another aspect of the invention relates
to an adsorption-desorption apparatus, for storage and di spensing of boron
trifluorivde91/8308h apparatus conprising: 5 a storage and BCEP&Ni3nNE vessel
constructed and arranged for holding a solid-phase physical sorbent nmedium
having a sorptive affinity for boron trifluoride, and for selectively
flowing boron trifluoride into and out of said vessel; 10 a solid-phase
physi cal sorbent medi um having a sorptive affinity for boron trifluoride,
di sposed in said st dtdhenathel ahpsgiesfsthadnwasiorirelatesan annddsoiptionglasorption
pressure; 15 boron trifluoride gas, physically adsorbed on said solid-phase

physi cal  sorbempparaad] U6t sthitged HltiSPRPSising 86 TGN Wriflaotidd, eshichNagfsathd ow
comuni cation with the storage and di spensing vessel, and constructed and
arranged to prqy ising?o exteriorly of said storage and di spensing vessel,
a pressure below said i nterior pressure, to effect desorption of boron
trifl uor%de gas fromthe solid-phase physical sorbent nedium and gas flow
of desorbed boron trifluoride gas through the dispensing assenbly. 9 WO

01/83084 PCT/USOL/ 13aggt%rage and dispensing vessel constructed and arranged for holding a

solid-phase physical sorbent medium having a sorptive affinity for boron
trifluoride, and for selectively flowing boron trifluoride into and out of said
vessel;
10
a solid-phase physical sorbent medium having a sorptive affinity for
boron trifluoride, disposed in said storage and dispensing vessel at an interior gas

pressure;

15 boron trifluoride gas, physically adsorbed on said solid-phase physical

sorbent medium; and

a dispensing assembly .coupled in gas flow communication with the

storage and dispensing vessel, and constructed and arranged to provide,

20 exteriorly of said storage and dispensing vessel, a pressure below said interior
pressure, to effect desorption of boron trifluoride gas from the solid-phase

physical sorbent medium, and gas flow of desorbed boron trifluoride gas through

the dispensing assembly.



Al t hough generally preferred to operate solely by pressure differential, in
respect of the sorption and desorption of the gas to be subsequently

di spensedyO 01/88986yst em of the invention may in sonme instaRCEES01/13922

advant ageously enploy a heater operatively arranged in relation to the
storage and di spensing vessel for 5 selective heating of the solid-phase
physi cal sorbent nediithmughgerérhiby preféveadrtaldpyratestiely bydreksser pffewentiaf int he
sorbate gas fromthe solid-phase physical sorbent nedium A preferred

sol i d-phase phygigeal ofsthehRRitioREdidudeseRHph o éise fascloylsd albséqently @ispensed,
al um nosilicate conposition, e.g., with a pore size in the range of from

about 4 to abgpl sidedh offttHeNBYE :’I}él? ah lsbfie iBbktiiled ORIvhhtaddoRsIGOSmRAIBY td ONS

having | arger pores, e.g., so-ca mesopore conpositions with a pore

setul Iy ompl oysiel ePrR by Alftbet B SR o S AR SRR NARY o),

crystalline alumngsil]icate_ 15 c sitions include 5A mol ecul si eve, and
Loy a bilseRT st oL i R g R SR ShEhsh e oab gp St Hsriiafiy
materials such as crystalline alum ngsilicates _and_carbon pol ecul ar sieves
are preferred igaharas) desemptiae < the isarbatn gas PRasthe sokidnhess PR seTsERI um

may usefully conprise other materials such as silica, alumna,

macr or et i cul at engbiypiner s, ki esel gubr, carbon, etc. The sorbent 20 naterials
may be suitably processed or treated to ensure that they are devoid of
trace conponents which deleteriously affect the performance of the gas
storage and di spensing system For exanple, carbon sorbents nay be

o S, L, R BB el oS Gbie gk B
transit 1(9 h met a'chmﬁﬂx%gﬁigéte composition, e.g., with a pore size in the range of from about 4 to
about 13 A, although crystalline aluminosilicate compositions having larger
pores, e.g., so-called mesopore compositions with a pore size in the range of from
about 20 to about 40 A are also potentially usefully employed in the broad
practice of the invention. Examples of such crystalline aluminosilicate
15 compositions include 5A molecular sieve, and preferably a binderless molecular
sieve. Although molecular sieve materials such as crystalline aluminosilicates
and carbon molecular sieves are preferred in many instances, the solid-phase
physical sorbent medium may usefully comprise other materials such as silica,
alumina, macroreticulate polymers, kieselguhr, carbon, etc. The sorbent
20 materials may be suitably processed or treated to ensure that they are devoid of
trace components which deleteriously affect the performance of the gas storage
and dispensing system. For example, carbon sorbents may be subjected to
washing treatment, e.g., with hydrofluoric acid, to render them sufficiently free

of trace components such as metals and oxidic transition metal species.

25 Potentially useful carbon materials include so-called bead activated carbon of

10



25 Potentially useful carbon materials include so-called bead activated
carbon of 10 WO 01/83084 PCT/ US01/ 13922 highly uniform spherical particle
shape, ewo0pr/&8& MP, BAC-LP, and BAC-G 70R, avail abl e frpaT/Kseliz922

Cor poration of Anerica, New York, NY. The apparatus of the invention may be
constructed with a solid-phase 5 physical sorbent medi um being present in
t he storage andighlypmifeimgphesskpartichgdipere.gi BAGMMNhBACdhantd BAC«G al
having a sorptive affinity for contam nants, e.g., deconposition products,

of the sorbat e RS avdiRbE flom sk CHi®Bia%ioh BE Amerival Wew dorkRYYS or exanpl e
have a sorptive affini ty for non-inert atnospheric gases. Exanples of
potentially suitable chem sorbent materials include a 10 scavenger for such
contam nants, such as a scavenger selected fromthe group consisting of:

(A scavengers i ncl uging, 3 supRete hauhd: 359I ALRSLLASTEM boritinabot

coval ently bonded there a conpoun e presence of su
cont am nant pr(rﬁ(‘li des, an. ani on whi gh IS rea gql;zi?ffec the renoval . o

tive t f
such corf ani narysical sPrbeRyBENIM, BFIRG grgqe@ﬁtuéaﬁq ST 81 AIPEING XSSl s of
the group consisting of (i) carbanion_source conpounds whose correspondi ng
protonated 20 tegatherivitha ehampiserhen mafcal hayirg asarntyve sffigikyotor sppaminants; o
about 36; and (ii) anion source conpounds forned by reaction of said
car bani on soureg, decpuopnsdmovprodudtheofs thebsrbatgags thendinl 1 Such chemisorbent

material may for example have a sorptive affinity for non-inert atmospheric
gases. Examples of potentially suitable chemisorbent materials include a
10 scavenger for such contaminants, such as a scavenger selected from the group

consisting of:

(A) scavengers including a support having associated therewith, but not

covalently bonded thereto, a compound which in the presence of such

15 contaminant provides an anion which is reactive to effect the removal of such
contaminant, said compound being selected from one or more members of the

group consisting of:

(i) carbanion source compounds whose corresponding protonated

20 carbanion compounds have a pKja value of from about 22 to about 36; and

(ii) anion source compounds formed by reaction of said carbanion

source compounds with the sorbate gas; and

11



WO 01/83084 PCT/ US01/ 13922 (B) scavengers conprising: (i) an inert support
having a surface area in the range of fromabout 50 to about 1000 square
nmeters pavogt/sdep4 and thermal ly stable up to at | east aboupCP®H801/8392;, and
(1i1) an active scavengi ng species, present on the support at a
concentration of fromabout 0.01 to about ‘1.0 noles per liter of support,
and formed by the dBposhvengerssamphigingupport of a Group | A netal sel ected
from 10 sodium potassium rubidium and cesiumand their m xtures and

al l oys and pyrolysis thereof on said support. By way of an exanple, such
chem sorbent material may advantageously conprise a scavenger conponent

sel ected fromthe gr@uan %&Séuﬁgd}ﬂﬂ_ﬁaﬂﬁ%a stFadel dréd/inl thé bng8 o HdnPEHoAS SO kN
arsenide. In respect 'of such chem sorbent materials for contam nants of the

sorbate  gas touB6 fioBRGNSE et peilra B PlibIEbp 36 BRIERIEE G 2500
chem sorbent materials may be e yed, 1 ncludi'ng scavenger conpositions
of the types ZQ‘?_din closed and clained in U S. Patent 4,761, 395 issued
August 27 1988 ™ enn M Tom et al., and U.S. Patent application no.
08/ 084, 414 filed June 29, 1994 in the nane of denn M Tom and Janes V.
McManus, the disclosures of which hereby are incorporated herein by
reference. 12 WO 01/83084 PCT/ US01/ 13922 The chem sorbent material when
enpl oyed may be utili@idd &8 actiyepsgeyerging species, present on the support at a

concentration of from about 0.01 to about 1.0 moles per liter of support, and
formed by the deposition on the support of a Group IA metal selected from
10 sodium, potassium, rubidium, and cesium and their mixtures and alloys and

pyrolysis thereof on said support.

By way of an example, such chemisorbent material may advantageously
comprise a scavenger component selected from the group consisting of:

15 trityllithium and potassium arsenide.

In respect of such chemisorbent materials for contaminants of the sorbate
gas to be dispensed, any of a wide variety of scavengers or chemisorbent
materials may be employed, including scavenger compositions of the types

20 disclosed and claimed in U.S. Patent 4,761,395 issued August 2, 1988 to Glenn
M. Tom, et al., and U.S. Patent application no. 08/084,414 filed June 29, 1994 in
the name of Glenn M. Tom and James V. McManus, the disclosures of which

hereby are incorporated herein by reference.
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bed in gas comuni cation with the bed of physical adsorbent, or
alternatively the chem sorbent may be dispersed randomy or selectively

t hr oughowo av/kmss of physi cal adsorbent material in the spoT/aga/mozt

di spensing vessel. 5 The invention in another aspect relates to an ion

i npl antation system conprising a reagent source for reagent source
material and an i on Thepthemisarbent madeniad vehenseredoysidagay he gtibzqd asg separate
comuni cation with such reagent source, and wherein the reagent source is
of a type descrbeddn ghecanmahiowiton Wwith Thecheadraf phpsicalradsorbemsponr adentatiselythest i | |
anot her aspect to a process for supplying a gas reagent selected fromthe

group consi sti nghefisoftysht if8y Basdsperselalah@emyase sele@hidlyoiganghzat al bédc ofs oup
V conpounds, such process conprising: 15 providing a storage and di spensing

vessel contai nipﬂlﬁsi%alsﬁs&%&i?ﬂﬁ&@rialﬁﬂﬂﬁai GétagS MPESenSBGvdERehaving a
physically sorptrve affinity for said gas reagent; physically sorptively

| oadi ngdgn sai d sol i d-phase physical sorbent 20 nedium a sorbate gas
sel ected fromthe group consisting of hydride gases and boron halide

gases, to yield a sorbate gas-l oade hysi cal sorbent nedi .and desorbin
sorbate gas fromt hﬁ%?‘gg %Orbla‘é-aw}g eﬁgg’ﬁﬁty‘?:laéeasl % B B%‘htlmpﬁg{?f‘%]sy g )

reduced pressure desorption, for dispensing thereof; 25 13 WD 01/83084
PCT/ USO1/ 13922 comprising a reagent source for reagent source material and an ion implantation

apparatus coupled in gas flow communication with such reagent source, and
wherein the reagent source is of a type described hereinabove.
10
The present invention relates in still another aspect to a process for
supplying a gas reagent selected from the group consisting of hydride gases,

halide gases, and organometallic Group V compounds, such process comprising:

15 providing a storage and dispensing vessel containing a solid-phase
physical sorbent medium having a physically sorptive affinity for said gas

reagent,

physically sorptively loading on said solid-phase physical sorbent
20 medium a sorbate gas selected from the group consisting of hydride gases and

boron halide gases, to yield a sorbate gas-loaded physical sorbent medium; and

desorbing sorbate gas from the sorbate gas-loaded physical sorbent
medium, by reduced pressure desorption, for dispensing thereof;

25
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wherein the solid-phase physical sorbent mediumis devoid of trace
conponents selected fromthe group consisting of water, netals and oxidic
transiti oo E83B4 species in a sufficient concentration toPGRUSMPIGSE t he
sorbate gas in said storage and di spensing vessel. 5 In a further
particul ar aspect, the invention relates to an adsorption- desorption
process for storage velmueidi theeswdidrghasd physical $arbédtumedidm, i dayoid sofhgace
provi ding a storage and di spensi ng vessel containing a solid-phase 10
physi cal sor berdonipeentsn saReict ofrémpPthgsdap | donsistin iof ewaki iméthld &) okidicon
trifluoride; physically sorptively |oading boron trifluoride on said

sol i d-phase  physisgigh lﬁgapggycieﬁﬁlaugfnfﬁ&ienw+cfy%lbgllt?at#agrte Nickbinbbidothl: drtgaded

physi cal sorbent 15 nediu and sel ective esor bing boron trifluoride

fromthe boron {rifluoride-| i.cal sorbent medium by reduced
pressure desorﬁ??gigﬁ?%?gﬁFggﬁﬁgsﬁg 'é?%%T. 20 Anot her apparatus aspect

of the esent invention relates to an adsorption desorption apparatus, for
storage *and di spensing of a gas sorbable on a solid- phase physical sorbent
medi um such apparatus conprising: 14 WO 01/83084 PCT/US01/ 13922 a storage
and di spensing vessdh %dhgﬁﬂuﬁﬂﬁﬁﬂﬂhéﬁﬁﬁhdﬁgéﬁVﬁﬁwnW@kﬂﬁn§>éﬂ adspipiophase
physi cal sorbent nmedium and for selectively flowng gas into and out of
sai d vessel; desorption process for storage and dispensing of boron trifluoride, comprising:

providing a storage and dispensing vessel containing a solid-phase
10 physical sorbent medium having a physically sorptive affinity for boron

trifluoride;

physically sorptively loading boron trifluoride on said solid-phase
physical sorbent medium, to yield a boron trifluoride-loaded physical sorbent

15 medium; and

selectively desorbing boron trifluoride from the boron trifluoride-loaded

physical sorbent medium, by reduced pressure desorption, for dispensing thereof.
20 Another apparatus aspect of the present invention relates to an adsorption-

desorption apparatus, for storage and dispensing of a gas sorbable on a solid-

phase physical sorbent medium, such apparatus comprising:

14



5 a solid-phase physical sorbent medi um di sposed in the storage and

di spensing vessel at an interior gas pressure; a sorbate gas physically
adsor bed vom01/88984 0l | d- phase physi cal sorbent nmedium 10 BCTOUS@Er3si2ng
assenbly coupled in gas flow comuni cation with the storage and di spensing
vessel, and constructed and arranged to provide, exteriorly of the storage
and di spensi ng vessedl storgprapd glisnengiog ywssshrensimeied japd af@ﬂé@‘i@‘?reboml@geﬂf fect
desorption of sorbate gas fromthe solid-phase physical sorbent nedium
and gas fl ow ofsoliépbadeqrhysiasl sotftrentiglediuhe and fpenlsctinglyfowiry gas iitd aad ooy opunp
coupled to the dispensing assenbly for pressurizing the desorbed gas and
di schar gi ng t hefkgigulktdengl y pressurized gas. In a further process aspect,
the present invention relates to a process for 20 storage and di spensing
of a gas sorbable on a solid-phase physical sorbent nedium such process
conprising: providing a storage and di spensi ng vessel holding a solid-phase

physi cal- sorbent nedi un 5 .15 WO 01/ 830 U 922, a i such
gas on t%e sol i d-phaaséglbrafyéﬁsga?hyssbcrag]esﬁfoeﬁg%%dﬁé %g%%%&iléhfhﬁg%g%e%rl y
of the storage di spensing vessel, a pressure below the interior

nd
pressure, to eﬁﬁ%@?$8%¥6ﬁﬁﬁﬁgﬂ“HF“@B?E&T SY&s from the solid-
a sorbate gas physically adsorbed on the solid-phase physical sorbent

medium;

10 a dispensing assembly coupled in gas flow communication with the
storage and dispensing vessel, and constructed and arranged to provide,
exteriorly of the storage and dispensing vessel, a pressure below said interior
pressure, to effect desorption of sorbate gas from the solid-phase physical sorbent
medium, and gas flow of desorbed gas through the dispensing assembly;

15

a cryopump coupled to the dispensing assembly for pressurizing the

desorbed gas and discharging the resultingly pressurized gas.

In a further process aspect, the present invention relates to a process for
20 storage and dispensing of a gas sorbable on a solid-phase physical sorbent

medium, such process comprising:

providing a storage and dispensing vessel holding a solid-phase physical
sorbent medium;

25
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5 phase physical sorbent nedium and flow ng desorbed gas out of the
storage and dispensing vessel; cryopunping the desorbed gas fromthe

st orage avwaous®pensi ng vessel to a predeterm ned pressurBCTWRErBPI2 such
predeterm ned pressure is higher than the 10 pressure of the desorbed gas
fl owed out of the storage and di spensing vessel. In all of the foregoing
aspects, the gas st adagbirgruichigspemthiesglid-pbaselphysicaltshebentmediiingn may be
depl oyed in a gas cabi net equi pped with a gas dispensing nanifold and
associated flow circuitry therein, for dispensing of the gas desorbed 15
fromthe sorbent material in the vessel and flow ng the desorbed gas

through the mani fo'éitafbh%%l EGttidyY 0P Qtag@Tand Mspealihp Sessed atfh%ssure

gas-consunption unit. The as storage and d| spensi ng vessel and

di spensi ng mambe?ov&j tﬁ@a}/ntgr?oraﬁrgé)s%eattg céffew Ehgoﬁtlﬁﬂrgf soE' e P% PG thel %ﬁlﬁ' ne

eductor, ejecto npr essor-, lve ow neans,

provi de the pressure dro d ext actlo of. th s.20 fromth sorbe t

nat er i alél n t héﬁ\?%esB]@fswafﬁﬁ‘rg?l?tdWC{lWoaq oying %F%ﬁ%%g?%ﬂltr?g]ﬁ}?ef %fn&ge 2ot her
aspect of the invention relates to a sem conductor naenufacturing system
conprising a gabﬂ@aﬁﬁﬁéﬁﬁﬁk the foregoing type, coupled to a

sem nconduct or manufacturing process unit. 25 16 WO 01/83084 PCT/ US01/ 13922
Q her aspects, features and enbodi nents of the invention will be nore fully
apparent fromthe ensuing disclosure and appended clains. BRIEF

DESCRI PTI ON OF THE DE#Muideing the desorbed gas from the storage and dispensing vessel to a

predetermined pressure, wherein such predetermined pressure is higher than the

10 pressure of the desorbed gas flowed out of the storage and dispensing vessel.

In all of the foregoing aspects, the gas storage and dispensing vessel of
the invention may be deployed in a gas cabinet equipped with a gas dispensing
manifold and associated flow circuitry therein, for dispensing of the gas desorbed

15 from the sorbent material in the vessel and flowing the desorbed gas through the
manifold flow circuitry and out of the cabinet to the gas-consumption unit. The
gas storage and dispensing vessel and gas dispensing manifold may be associated
with a pump, fan, blower, turbine, eductor, ejector, compressor, cryopump, or
other motive flow means, to provide the pressure drop and extraction of the gas

20 from the sorbent material in the vessel, for flow into the gas dispensing manifold.

Another aspect of the invention relates to a semiconductor manufacturing
system, comprising a gas cabinet of the foregoing type, coupled to a
seminconductor manufacturing process unit.

25
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5 Figure 1 shows a graph of the adsorption isothermfor arsine, as a plot
of the arsine loading in grans arsine per liter of zeolite 5A, as a
functi onve® o1/88984 og pressure in Torr. 10 Figure 2 shows BCHU&WN3OR2 t he
adsorption isothermfor arsine, as a plot of the arsine loading in grans
phosphi ne per liter of zeolite 5A, as a function of the |og pressure in
Torr. Figure 3 is a Gthheawkerts, feepresant anbatimehts aofsthe iagmtiandvitl el merey
system 15 according to one enbodi-nent of the invention. Figure 4 is a

delivery |ifetifiy pheirerdffron sHenRsyingdistlosure biid deFohdedslatms. f unction of hours
of operation of the storage and delivery system apparatus. 20 Figure 5is a
pl ot of cylinder pressure, in Torr, as a function of tine, in seconds, as
well as a plot (on the right-hand y-axis) of tenperature, in degrees

Centigrade, as a functi Onﬂlﬁ%SCwPﬁQWﬁTﬁﬁﬁ%@id%s.how! ng the
tenperature and pressure filling of a
phosphi %8 gas storage and delivery system apparatus, with roomair. 25 17
WO 01/83084 PCT/ US01/ 13922 Figure 6 is a plot of arsine released, in
grans, as a function_of tinme, in seconds, for a standard cylinder of
arsine, versus an ar Eigyee kskovye gepl of the adsprption jsothermfopaisieyas a plgt of
sinmulation of a worst case emssion incident. 5 Figure 7 is a schematic
perspective vi ehe afsing loadiog impiang assine peyditemaf zeolite SA, as a function of the log

pressure in Torr.

10 Figure 2 shows a graph of the adsorption isotherm for arsine, as a plot of
the arsine loading in grams phosphine per liter of zeolite 5A, as a function of the

log pressure in Torr.

Figure 3 is a schematic representation of a storage and delivery system

15 according to one embodiment of the invention.

Figure 4 is a delivery lifetime plot of arsine pressure, in Torr, as a

function of hours of operation of the storage and delivery system apparatus.

20 Figure 5 is a plot of cylinder pressure, in Torr, as a function of time, in
seconds, as well as a plot (on the right-hand y-axis) of temperature, in degrees
Centigrade, as a function of time, in seconds, graphically showing the
temperature and pressure rises during the experimental backfilling of a phosphine
gas storage and delivery system apparatus, with room air.

25
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delivery system apparatus according to a further enbodi nent of the
invention. Figure 8 is a graph of storage and delivery system cyli nder
pressure W@ves3os4é n psia, as a function of elaspsed tine, PermsSowt3ex, for
two nol ecul ar sieve 10 sorbent materials of differing iron content. Figure
9 is a frontal perspective view of a gas cabinet assenbly incorporating a
sor bent - based gas stRigage mrapli spernssiengleassie b lgyanss; @s radiungtianoof tme, in
enbodi nent of the invention. 15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND

PREFERRED  EVBGRYIMANTior hHeiiderd dhimdeli sitdrsiae) egsifant 418int atdrage aigl dedivent
applications and patents are 20 hereby incorporated herein by reference in

their entireti qgseiniphsdnS! AlEsuRabEt s FBRL bABhBRiNn-ABAB09, 019 fil ed
April 11, 1997;° PCT international application no. PCT/US95/ 13040 filed

Oct ober 13, 1995; 25 United States Patent Application No. 08/322,224 filed
Oct ober 13, 1994; 18 WD 01/83084 PCT/US01/13922 United States Patent

Application No. 08/650,633.filed 20, 1996;. United States Patent
Appl i catd on No. 08/ 6881534152 F‘gﬁnﬁl\vfgé PE@P“%’Q@G";WW i eYORYmPpINg sporpgt gnd

Application No. 08/ 742,856 filed Novenber 1, 1996; _and 5_ United States
Pat ent Appl i catdebHeINGYStomyapparats 2ceqrdiag to/a furghsr embgdiment of the invention.

Figure 8 is a graph of storage and delivery system cylinder pressure level,
in psia, as a function of elaspsed time, in minutes, for two molecular sieve

10 sorbent materials of differing iron content.

Figure 9 is a frontal perspective view of a gas cabinet assembly
incorporating a sorbent-based gas storage and dispensing assembly according to
one embodiment of the invention.

15
DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED

EMBODIMENTS THEREOF

The disclosures of the following patent applications and patents are

20 hereby incorporated herein by reference in their entireties:

United States Patent Application No. 08/809,019 filed April 11, 1997;
PCT international application no. PCT/US95/13040 filed October 13,

1995;

25 United States Patent Application No. 08/322,224 filed October 13, 1994;
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The present invention provides a gas cabi net assenbly including a new

at nospheric pressure storage and delivery system apparatus as a source gas
supply nee®e1/83984 appl i cati ons such as ion inplantation of POYERIIdEBSsIZNd

hal i de 10 gases, and organonetal lic G oup V conpounds, e.g., arsine,
phosphine, chlorine, NF3, BF3, BC13, djborane (B2H6 and its deuterium
anal og, B2D6), HCl, United Staggs Papgnt Apphigpiion Na 83450688 ifdled Mapd0( K996y 3sb. The
new gas source systemis conprised of a |leak-tight gas vessel, such as a
gas cylinder, cont ailUnitad States Ratent Applitatiod Nep ORLS6,63¢ fijed May 2DNE996¢

phosphi ne, adsorbed into a sorbent material 15 conprising zeolite or other

sui tabl e physical aum@edShitesTi@k ApblicdtiontNe 084812,836 filed Blonemberd, phogphi ne,
the zeolite reduces the vapor pressure of the arsine and phosphine to 1
at nosphere. Sipge the storage and delivery systemis initially at
atnospheric pressure, 20 the release rate is controlled primarily by

Che o opn e o el UpReB SERR afent ApDEIEANG g/803%Y ML PO 6} RAFES T

t he storage and delivery system neasur e ul't 1'n" exposure
concentrations to < 1/2 IDLH Release rate conparisons of the storage and
delivery systemto standard cylinders are nore fully discussed
herei nafter, and denonstrate that the storage and delivery. s?/stem 19 WO
01/ 83084 PCT/ US01/ 139e presgpipiaventiny piavideperasg cobinehasspmbbeincludigeh PWn | s
about 1x105 safer than conpressed gas sources. Wiile the invention is
di scussed pri nmatmidsphérar erasaifrt extorage apd rdelivéryt $pstend appantigeasamdotesei gasry of
arsi ne and phosphine gases, it wll be recognized that the
supply means for applications such as ion implantation of hydride and halide
10 gases, and organometallic Group V compounds, e.g., arsine, phosphine, chlorine,

NF3, BF3, BCI3, diborane (B2Hg and its deuterium analog, B2Dg¢), HCI, HBr,
HF, HI, tungsten hexafluoride, and (CH3)3Sb. The new gas source system is
comprised of a leak-tight gas vessel, such as a gas cylinder, containing the gas to
be dispensed, e.g., arsine or phosphine, adsorbed into a sorbent material
15 comprising zeolite or other suitable physical adsorbent material. In the case of
arsine and phosphine, the zeolite reduces the vapor pressure of the arsine and

phosphine to 1 atmosphere.

Since the storage and delivery system is initially at atmospheric pressure,

20 the release rate is controlled primarily by diffusion instead of a pressure
differential. Inadvertent releases from the storage and delivery system have been

measured and result in exposure concentrations to < 1/2 IDLH. Release rate
comparisons of the storage and delivery system to standard cylinders are more

fully discussed hereinafter, and demonstrate that the storage and delivery system
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utility of the present invention is not thus limted, but rather extends to
and is inclusive of various other hydride and halide gases, as for exanple
silane, WwObos¥se, arsine, phosphine, chlorine, BCl3, BF3PCBRB@/13p2Pngst en
hexaf | uori de, hydrogen fluoride, hydrogen chloride, hydrogen i odide,

hydr ogen brom de, 10 gernane, ammoni a, stibine, hydrogen sulfide, hydrogen

sel eni de, hydr qggfranjsebhdthélBed &TdtheOpres&RORYbMbrAN aBbiex 10 isgdRr than
(chlorine, bromhne, iodine, and fluorine) gaseous conpounds such as NF3,

and or ganonet al QP g.9., Goup V conpounds such as (CH3)3Sb.
15 The novel né%hgnand %e?ﬂ%gmdf t he present invention for storing and

del i vering gaseous arsine and phosphine at 0 psig greatly reduces the
hazard posed by these gases. The techni que involves the adsorption of
these gases into a hysi cal, adsorhenf such as, for exanple, zeolite 5A. By
adsorbing the gas intdilg tﬁ%é’&‘fqnflén a8 dbﬁcﬁ%ﬁegsﬁﬂl?%fﬂb’eheéﬁp"i‘ rp‘ﬁy@?“&%llotf%‘? bent ,
t he vapor pressure of the gas can 20 be reduced to 0 psig. The rel ease
potenti & fromsterpge aydddiversolpraine pyd pherpbig gases, ithyellde rppoggized teat the
pressure is elimnated. Collectively, the storage and delivery system nmay
useful Iy consi sttility of thit predartdnyionyis inntlthus dinditezly bnh deherveattands t6 aad ésl

wi th dehydrated zeolite 5A. The cylinder is subsequently filled to 1

at mosphere Wi ticliikiee yfdvaritais Osther Al dddeughd Halid@rdakes, dis Sk as@thphesidimeaf t er
in reference to 20 WO 01/83084 PCT/US01/ 13922 zeolites, the invention is

broadl y appl i caf&ahd 4iif ‘R i, RAlOMEERYY 118 BIDe, WlRlenPi%ENEGHd

sorbent materials, asu’céﬁ as Ki g@él guhr, S % a’l?na‘l( n6é, Ih]é"r?)aetrzlroreti cul at e

pol ymers (e.g. ’hyﬁrng)g%rﬁl Iﬂ%l(e)'\ric[iee,'\sf]}pdic’)ge%v%hllo?igle,e h%r%génRolgHi]dgi lﬁ?&‘r%gen bromide,
10 germane, ammonia, stibine, hydrogen sulfide, hydrogen selenide, hydrogen

telluride, and corresponding and other halide (chlorine, bromine, iodine, and

fluorine) gaseous compounds such as NF3, and organometallic compounds, e.g.,

Group V compounds such as (CH3)3Sb. .

15 The novel means and method of the present invention for storing and
delivering gaseous arsine and phosphine at 0 psig greatly reduces the hazard
posed by these gases. The technique involves the adsorption of these gases into a
physical adsorbent such as, for example, zeolite SA. By adsorbing the gas into a
zeolite or other suitable soild physical sorbent, the vapor pressure of the gas can
20 be reduced to 0 psig. The release potential from this system is greatly reduced as
the driving force of pressure is eliminated. Collectively, the storage and delivery
system may usefully consist of a standard gas cylinder and cylinder valve, loaded
with dehydrated zeolite 5A. The cylinder is subsequently filled to 1 atmosphere

with the hydride gas. Although primarily disclosed hereinafter in reference to

20



Conmpany, Phil adel phia, PA), carbon (e.g., bead activated carbon), etc. 5
Zeolites are mcroporous crystalline alumnosilicates of alkali or alkaline
eart h el av@nt/8308€presented by foll ow ng stoichionetry: PCT/US01/13922

Mk/ n[ (A102) x(Si 2)y] zH20 10 where x and y are integers with y/x =to or
greater than 1, n is the valence of the cation Mand z is the nunber of
wat er nol ecul eseblitegathh invértiondb [broadép lapplecabla tohthe usdge oK awide vayigdtyi of
adsorption sites per gram A liter of zeolite will adsorb 100 grans of

phosphi ne and ZZfergrihysicall @fidne nddterddd; a0ch ladt RSEIREHTe. siliba,gul@ding, and 2
show t he adsorption isotherns for arsine and phosphine, 15 respecti vel y.

These i sot her Moy, Shou ARG LM RES (6. AmBerfitRbindNla i laPE SRR by d ey T or

alliter cyl elso erns are useful 1n determning the amunt of

nycr i e 201 o axiadar BUCHERT B0)- aohfie VT EEBedi B Ve O e

t hat can5 practically be delivered by the respective storage and delivery
systens.¥YGas flow fromthe storage and delivery systemis established using
the existing pressure differential between the storage and delivery system
and the ion 21 WO (4gcdtysae puopwoes enstiline ahyminesiligafes ohplkalhepalkabine ot her
downstream use locus. Uilizing a device such as a mass flow controller, a
constant fl ow carthipéenamit epederded b followimestoichoretyt ner pressure decr eases.

Mx/n[(A102)x(SiO2)y]zH20
10 where x and y are integers with y/x = to or greater than 1, n is the valence of the

cation M and z is the number of water molecules in each unit cell. Zeolite 5A

has ~2.5 x 1021 hydride adsorption sites per gram. A liter of zeolite will adsorb
100 grams of phosphine and 220 grams of arsine at 25°C and 1 atmosphere.
Figures 1 and 2 show the adsorption isotherms for arsine and phosphine,

15 respectively.

These isotherms show vapor pressure as a function of adsorbed hydride
for a 1 liter cylinder. The isotherms are useful in determining the amount of
deliverable hydride gas. As seen from the isotherms, roughly 50% of the hydride

20 is adsorbed between 50-760 Torr. This is the amount of hydride that can

practically be delivered by the respective storage and delivery systems.

Gas flow from the storage and delivery system is established using the

existing pressure differential between the storage and delivery system and the ion

21



5 An appropriate delivery systemfor a zeolite storage systemaccording to
the invention is shown in Figure 3. In the schematic storage and delivery
syst em siwoOn1/83084i gure 3, a gas storage cylinder 10 is prPOVUGEd3%?2 ch nmay
be filled with a bed of suitable 10 physical adsorbent material, e.g., a
zeolite sorbent or other suitable physical adsorbent medium of a type as
more fully desdniphed vhanei ciendee or dther denstreghiusel tocud. 0Utibizipg @vdedizd stitter ei n
wi th the physical adsorbent bearing a physically adsorbed gas conmponent,

or conponents, fUghnas A6WI atelleROSPitAR. fldd cBACbE Ychiedel ad Ghé Ssofeanect ed
to a manifold 12, having disposed therein a cylinder valve 14 for

control | ably redoﬁ@a?ﬁe\'i‘,\%r& cfeamEeyl i nder 10, upstreamof a gas cylinder
i sol ati on val ve 16, Ich may be selectively actuated to close cylinder 10

to comunication with the manifold 12. 20 The manifold has a branch fitting
18 therein, by means of which the manifold 12 is coupled in gas flow

communi cation with a, branch .pur | i ne 20 . havi ipert ga urge..i solation
val ve 222t herei n, V\Hé‘i‘éBB/mPﬂgte rﬁjgﬁ?"frﬁlséfs'tﬁ’ﬁyfoﬁé Ze%?ﬁg)&a% %’ﬁfefrﬁ%?“gr(a’é% ?0 prior
to active operation delivery of gas fromcylinder 10. 22 WO 01/83084
PCT/ US01/ 13922 the#wsstenshéwain Figared-tting 18, the manifol d contains two
successive gas filters 28 and 30, internediate of which is disposed a
pressure transducer 32 which may, for exanple, have a pressure operating
range of fromabout O to about 25 psia. 5
In the schematic storage and delivery system shown in Figure 3, a gas
storage cylinder 10 is provided which may be filled with a bed of suitable
10 physical adsorbent material, e.g., a zeolite sorbent or other suitable physical
adsorbent medium of a type as more fully described hereinabove. The gas

cylinder 10 is provided therein with the physical adsorbent bearing a physically

adsorbed gas component, or components, such as arsine or phosphine.

15 The cylinder 10 is connected to a manifold 12, having disposed therein a
cylinder valve 14 for controllably releasing gas from cylinder 10, upstream of a
gas cylinder isolation valve 16, which may be selectively actuated to close

cylinder 10 to communication with the manifold 12.

20 The manifold has a branch fitting 18 therein, by means of which the
manifold 12 is coupled in gas flow communication with a branch purge line 20
having inert gas purge isolation valve 22 therein, whereby the manifold may be

purged with inert gas, prior to active operation delivery of gas from cylinder 10.
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The manifold 12 is connected downstreamof gas filter 30 with a branch
fitting 34 to which is coupled a bypass conduit 36 having bypass isol ation
val ve 38vohuesmBfn. The mani fold 12 downstream of fitting BAT/N&&/®IPas fl ow
on-of f valve 40 therein, downstream of which is disposed a mass fl ow
controller 42 for 10 controllably adjusting the flowrate of the hydride or
halite gas di spensedavwnstegh fromtlieffutiolg 18, the\manifeldtcontrinsusvoduosessive gas of
mass flow controller 42, the manifold 12 is connected by coupling fitting
44 to di spensi mjtetd D8 248 30, lihrenédige ofcwhichdk digloval 4HréRereeirmsdacsd 3 so
bei ng coupled in gas flow comunication with bypass |ine 36 via coupling

fitting 50. ThQVfHW?&@'[ 96t E)la%?plél,ﬁhdv% a@ﬁre%ilf?%pbl%’tiﬁ%% O£ hitht IPW Ce
generating nmeans, schématicall'y shown as el enment 52. e other end 54 of
di scharge line B8R Spae suitably coupled in gas flow comrunication with
anot her gas dispen5|ﬂb eans, as desirable or necessary in a given end use
appl i ca%’ on of the Figure 3 storage and delivery system apparatus. 20

Fi gure shows the delivery lifetine of a 4X nolecular sieve (2.35 liters)
in an arsine storage and delivery system apparatus to he 1000 hr. at a flow
rate of 1 sccm Thelheimatifole 12dseonnssted sodmeiresn of Bagliiesibritge binach
delivery system 25 apparatus simlar to that schematically shown in Figure
3. 23 WD 01/ 830BUng8 tashichlis $aepled a dgdassiconduib3é having bepass asblativmagpdes t he
zeolite storage technol ogy of the present invention allows for a greater
quantity of del3Rvkéreh. Jir. madfl® 12 dbehamwamsdTdwEng34 bapagassiiow oh-ofevdlwer ed

hydride fromtypical high pressure sources to
40 therein, downstream of which is disposed a mass flow controller 42 for
10 controllably adjusting the flow rate of the hydride or halite gas dispensed through
manifold 12. At its terminus downstream of mass flow controller 42, the
manifold 12 is connected by coupling fitting 44 to dispensing line 46 filing flow
control valve 48 therein, and also being coupled in gas flow communication with
bypass line 36 via coupling fitting 50. The discharge line 46 is as shown joined
15 to an ion source generating means, schematically shown as element 52. The
other end 54 of discharge line 46 may be suitably coupled in gas flow

communication with another gas dispensing means, as desirable or necessary in a

given end use application of the Figure 3 storage and delivery system apparatus.

20 Figure 4. shows the delivery lifetime of a 4X molecular sieve (2.35 liters)
in an arsine storage and delivery system apparatus to be ~1000 hr. at a flow rate

of 1 scem.

The lifetime test was conducted using a storage and delivery system

25 apparatus similar to that schematically shown in Figure 3.
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5 that of the storage and delivery system Table 1 10 Delivery conparison
of storage and delivery systemcylinders to a standard high pressure

cyl i nder W@oasasdel i vered) Gas 400 PSI G 15% 440 m st or ageCO®RINBPI2 Syst em
2.3 Liter 15 storage/delivery system Arsine 6 40 225 Phosphine 3 18 105
20 Since approximately 5-20 tines as nuch hydride is delivered by the
storage and delivery systemthan by standard cylinders, fewer cylinder
changes are required, thereby yielding enhanced productivity of the

impl ant tool. 24 WInGtdER034 tRCIAIISCIVABHRE, thaddolite stoahgdeytectmiotngy afdbe
accidents with gases occur during cylinder changes, safety is further

i nproved. Sinceprbdeat sivehR@ealddwks figld pedter Gysitieodpelivatbgdsn Tdbde 1 below

sub- at nospheric 5 regine, the safety aspects related to an acci dent al

i ncursion of aidoiyBla0cAnpRRES BRIV EP hidfIARIMAGhicHhiSh HHESER ¥itdepder was
i nvestigated. Phosphi ne ™ spontaneously Treacts w air "as shown in the

fol I'owi g equaty e APHR: . 808 detvery sysient, P2010 + 6H20 10

Table 1
10
Delivery comparison of storage and delivery éystem cylinders to a standard high

pressure cylinder (grams delivered)

Gas 400 PSIG 15% 440 ml storage/delivery system 2.3 Liter
15 storage/delivery system

Arsine 6 40 225

Phosphine 3 18 105

20

Since approximately 5-20 times as much hydride is delivered by the
storage and delivery system than by standard cylinders, fewer cylinder changes

are required, thereby yielding enhanced productivity of the implant tool.
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Hf of P4010 = -720 Kcal /nole A threshhold concern and intuitive
expectation is that the excessive heat of reaction would cause a | arge
pressur e veaous®sHn or even a detonation in the 15 cylindr€T/USoMBYZr, it
has been determ ned that the event of ingressing air is of a nmanageable
character since nost of the resultingly generated heat will be adsorbed by
the zeolite subskiitainally Fsiges edst sbadents metht gaspe watwrr durangd cylinelss shanges,i se
during the experinmental backfilling of a 0.5 liter phosphine storage and

delivery syste@awlbfﬁmm@pfo,ve@s a plot of cylinder pressure, in Torr, as
a 20 function of tine, in seconds. In the Figure 5 system the initial
pressure of the phosphine storage and delivery systemwas 50 Torr. Upon
backfilling, the reaction tenperature was nonitored with a thernocouple

| ocated i nside the i 8

PCT/ US01/ 13922 cy! ?’?1‘953@‘@1%&%"2%%# by Sﬁgtgﬂr Olgeg‘i‘}s ea"? I g‘g"'%‘%“é)tsﬂtr’eé’“’ru se
of 35C inside the c |nd The ¢ er ess s measured. using a
Capaci t Shee. pr Etee thd Safih goeees TaRiete: Rhepiedel teuton et il + 00
Torr. The pressure rise above 1 atnosphere is a result of the_increased
bed t enper at ur ®hosphinesstesage rangedal ’é[PYYdéthéPm ovlindps wes sygeligatrd. « Bhesphie air
backfill of a partially used phosphine storage and delivery systemis not
a significant spdgénconslyaeatts Wiieairas siaver indbefollmwimpequativest i gat ed as

arsine reacts slowwy with air at room tenperature. 10 Hydri de rel ease was
measured in a storage and delivery system apparat us

4PH3 + 8072 ~mmemmemm > P4010 + 6H20
10

Hf of P4O10 = -720 Kcal/mole

A threshhold concern and intuitive expectation is that the excessive heat

of reaction would cause a large pressure excursion or even a detonation in the

15 cylinder. However, it has been determined that the event of ingressing air is of a
manageable character since most of the resultingly generated heat will be

adsorbed by the zeolite substrate. Figure 5 shows the temperature and pressure

rise during the experimental backfilling of a 0.5 liter phosphine storage and

delivery system with room air, as a plot of cylinder pressure, in Torr, as a

20 function of time, in seconds.
In the Figure 5 system, the initial pressure of the phosphine storage and

delivery system was 50 Torr. Upon backfilling, the reaction temperature was

monitored with a thermocouple located inside the storage and delivery system

25



of the type shown in Figure 3 and described herei nabove. The em ssion rate
of arsine fromthe storage and delivery system was neasured and found to
be 3.8 moObi/gpossrs/ mi nute. Al though small, such rate was BCDUS&rsS9xf

magni tude larger than that cal culated fromdiffusion equations. It is
suspected that the apparatus 15 used in this experinent gave an erroneously
hi gh em ssi on cglimdeduelteoreantiore shitht 4in wawskd ec tempdoatetehdec e 35t iissidex fer | ment
gives a worst case em ssion rate that is still 10-5 times less than a

standard hi gh @frmmr eThY lch ek - prédsgte @a meashedsudinle acfipasit@de préduef a
standard gas cylinder versus an arsine storage and delivery system 20 The

purity of the %ﬁéd%%ef’i”ﬁaeqﬁgﬁﬁiﬂnpﬁrefsiﬁméchf‘deatv@isag§0@'Tgrrdel+ﬂe";ﬁé§éuresﬁfs%t em of

the instant invention is exceptional. The only significant inpurit

detected i's F2yughe ydroggn.l avsl Seeof F OBk el %egegewg, né»ers"fi% Ppm

Since H2 is currently used as a ressure ¢

presence is 26 W2 01/83 P SO1/ cin t nms_of
Dperat; Ghal ef FroSetsl S 19 JF dge #agﬁiﬁlatv@? 7 B bh A paial B el

nmet hod. Gas chr omat ogr aphy and mass spectroscopy .have been used to verify
the purity of PheSPRSr ﬁter@ge @ncrﬁléhg%rsaa@ﬂalﬁdma@l sigrifigandysafetynhaedrd.y ebhed
arsi ne and phosphine is fully conpatible with the ion inplantation
process. Yi el dawirel gawes waf nwf mvestigate asspisitte kescts hlawdy beidin asth@tvrobm be
identical for those inplanted with As and P from the storage and delivery
syst em conpar etenpdritutdiose i npl anted with As and P

10 Hydride release was measured in a storage and delivery system apparatus
of the type shown in Figure 3 and described hereinabove. The emission rate of
arsine from the storage and delivery system was measured and found to be 3.8
milligrams/minute. Although small, such rate was 3 orders of magnitude larger
than that calculated from diffusion equations. It is suspected that the apparatus
15 used in this experiment gave an erroneously high emission rate due to an

eduction effect. Nonetheless, this experiment gives a worst case emission rate

that is still 10~ times less than a standard high pressure cylinder. Figure 6.
shows the emission rate of a standard gas cylinder versus an arsine storage and
delivery system.
20
The purity of" the arsine and phosphine from the storage and delivery
system of the instant invention is exceptional. The only significant impurity

detected is H2. The hydrogen levels are found to vary between 10-1000 ppm

Since H2 is currently used as a diluent in high pressure cylinders its presence is
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from standard sources. 10 The storage and delivery system apparatus and
nmet hod of the invention thus provide a significantly safer alternative to
t he currevoousx®sof hi gh pressure gas cylinders for the sPOT/a§el/Bod

di spensi ng of hydride and halide gases. The invention provides the
capability to transport, store and deliver hydrides froma 15 cylinder or
ot her vessel atorgreblgmatyc iTHernisnofopérationiad dificees ahthehsgortigs cmdedalivehat
hydri de and hal i de gases can be physically adsorbed into the mcrocavities

of suitable syppemtappaiatisiaal snshinh) @ss cdheombtogdiphy Aed ebys spegrbdcopARbvey
reduci ng the pressure of gas for storage and di spensing purposes. 20 Wth

only low | evel pagphicdado 9brifyiBe pRiRIThdRidideal 1 n the practice of the
present invention, by so-called thermally assisted delivery, it is possible

to augnent the delivery rate of the desorbing gas, so that now rates of up
to 500 sccmand higher are readily achi eveabl e. Nonethel ess, high rates of

gas deliwvery are achieved in .broad pract.ice.of .the present i.n tion
N h adBabal i c 25 opBFaHTGRe PbISiE SR RE TREhAHC FRbPhOPRERd O
energy to the sorbate-laden 27 WO 01/83084 PCT/USQ1l/ 13922 sorbent
medi un), sol el yompatible Wit &g jon Wnplamaton pracessxi ¥igld gnplysshedinweilees Srbent
vessel and the reduced pressure of the sem conductor (or other industrial
or manuf act ur ispléf) lofsrhaye bsen showin tadeiidanticaifbrthost ingplantad weiduAwandi from
epi taxy, and chem cal vapor deposition. 5
the storage and delivery system compared with those implanted with As and P
from standard sources.
10
The storage and delivery system apparatus and method of the invention
thus provide a significantly safer alternative to the current use of high pressure
gas cylinders for the storage and dispensing of hydride and halide gases. The
invention provides the capability to transport, store and deliver hydrides from a
15 cylinder or other vessel at zero psig. The invention is based on the discovery that
hydride and halide gases can be physically adsorbed into the microcavities of

suitable support materials such as zeolites, thereby significantly reducing the

pressure of gas for storage and dispensing purposes.

20 With only low level heating of the sorbent material in the practice of the
present invention, by so-called thermally assisted delivery, it is possible to
augment the delivery rate of the desorbing gas, so that flow rates of up to 500
sccm and higher are readily achieveable. Nonetheless, high rates of gas delivery
are achieved in the broad practice of the present invention with adiabatic

25 operation (no supplemental input of heat or thermal energy to the sorbate-laden
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The apparatus of the present invention nmay be readily provided in a
unitary apparatus form as disposed in a gas cabinet containing a

mul tipliovoy1/83084 9., three, sorbent vessels, each manifol BetUsagsdizer for
selective delivery of sorbate gas fromone or nore of such vessels. The
cabinet may further include 10 therein independent thernocouples, or other
t enper at ur e serssitiegt mediuigy saiely bydhe pressire difterovinp existing bétweerptheserttenng
over heating of the vessels and/or other internal conponents of the gas

cabi net in use veb®t @afl. thd hedwrbi predsurenyf dstdiémicoaddcyorl (b8! dtle mdhstgalbobe | nk
heater elenment for 15 selective augnentive heating of the vessels and

sorbent therei fnaffRRbridds| Rbcess %t ad iGN BREEsn, EAECRS 6N eﬂtatx9,xbr?d gas
nonitor which functions 1o shut down the ‘apparatus when toxic gas Is

sensed; a scru gﬁ‘li&ﬁva}grlﬁe%ﬁtotni.on device; and redundant pressure and
tenperature control neans. Such a storage and delivery system

apparatys, delivery rates of gas of 500 sccmat 15 psig are readily 20
attainable. In the preferred practice of the invention, the solid-phase
physi cal sorbent nediumis devaid of trace conponents selected fromthe
group consisting of IhgafRRaratypfithe pagsentolventiion mayshe rendilreravidspdiides in
a concentration which is 25 insufficient to deconpose the sorbate gas in
sai d storage anuitdiysprrasitng fares sieldispo2@] WOn @as 83084t RETAiLBY1Y 1BIlicity,

hi ghl y advant ageous sorbent nedi um of such type is comercially avail able
from Zeochem Canpathred, Lsotbeny ivedsels, Kach manifelded espelicndor kelsaiveAddivebeot |

which is a synthetic calciumalumnosilicate of the formul a
sorbate gas from one or more of such vessels. The cabinet may further include
10 therein independent thermocouples, or other temperature sensing/monitoring

equipment and components for preventing overheating of the vessels and/or other

internal components of the gas cabinet in use thereof.

The cabinet may additionally include a fusible link heater element for

15 selective augmentive heating of the vessels and sorbent therein; a sprinkler
system; an exhaust heat sensor; a toxic gas monitor which functions to shut down

the apparatus when toxic gas is sensed; a scrubber or bulk sorption device; and

redundant pressure and temperature control means. With such a storage and

delivery system apparatus, delivery rates of gas of 500 sccm at 15 psig are readily

20 attainable.

In the preferred practice of the invention, the solid-phase physical sorbent
medium is devoid of trace components selected from the group consisting of
water, metals, and oxidic transition metal species in a concentration which is

25 insufficient to decompose the sorbate gas in said storage and dispensing vessel.
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(CaONa20) Al 238.2Si 2xH20. 5 In this respect, it is to be noted that the
significant presence in the sorbent material of any water, netals, or
transiti ovo AE83B4 oxi des tends to pronote undesirably hi ghCT/@sels922f
deconposition of the sorbate gas. In nolecular sieves and other materials
whi ch | ack such "contam nants" the sorbate gas degradation 10 |evels, and
correspondi ng Prhigklyrasvhateggons apéoenhmﬁdlanh@tgjswﬁl type isceqymaicidlyyavadeple

val ues. Concerning nol ecul ar sieve materials nost specifically, a large
nunber of suchomoZbmhem Compaiyallopisvilie, YY) ad ZgodmenoBimelerlassnek abibenti nder s
whi ch contain the aforenentioned deconposition pronotors, which

undesirably deghafie tifie a pesnHdiNCealefunt healetdiRdRarRNd ofel theer Yosyglhem
apparatus and nethod. 15 By way of exanple, the above-nentioned binderl ess

Zeochem mat er L@#aoaﬁzd}%lgeg%ti@?"ﬂzﬁt allic inpurities, while other
ecul ar “si év ma

conventi onal eri‘al's, e.g., Linde 5A zeolite has a
subst anti al anmount of iron therein. In consequence, the binderless zeolite
exhi bits deconposition | evels which are on 20 the order of about 1-2% of
arsine (in an arsine storage and delivery system_ apparatus containing such
zeolite) per year, Whthisrespastlif isdebenoted shatilke sgnifipant Presgaceonplessarbeam

| evel s of arsine which are on the order of a few tenths of a percent of

t he arsi ne per mdeeyial \Wft dnyt [neatdsj mobtals,esrs tzesition enctpl esslas dendscioe ps@soten t he
sorbent material -containing vessel are |ess than 5% per week, while the
Linde 5A 29 V\ghdskir8508dotPlevéls/o0 décbadodsition of the sorbate gas. In molecular sieves

and other materials which lack such "contaminants" the sorbate gas degradation
10 levels, and corresponding pressure levels are maintained at correspondingly low
values. Concerning molecular sieve materials most specifically, a large number
of such sorbents invariably contain clay or other mineralic binders which contain
the aforementioned decomposition promotors, which undesirably degrade the

performance of the storage and delivery system apparatus and method.

15
By way of example, the above-mentioned binderless Zeochem material
has no detectable metallic impurities, while other conventional molecular sieve
materials, e.g., Linde 5A zeolite has a substantial amount of iron therein. In
consequence, the binderless zeolite exhibits decomposition levels which are on
20 the order of about 1-2% of arsine (in an arsine storage and delivery system

apparatus containing such zeolite) per year, while the Linde 5A zeolite exhibits
decomposition levels of arsine which are on the order of a few tenths of a percent
of the arsine per day. With the binderless zeolite, pressure increases in the

sorbent material-containing vessel are less than 5% per week, while the Linde 5A
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zeolite (containing binder nmetal conponents) exhibits pressure rises of 9
psig (60% per day in a corresponding storage and delivery system

appar at uO Mhes308sl i d- phase physi cal sorbent medi umin t hhePQT/@ber3en
practice of the 5 invention therefore contains |ess than 350
parts-per-mllion by weight of trace conponents selected fromthe group
consi sting of waotlie (apataimiigibinden skl compongnis) adxhdpscpressurdeisesdofdh psige
wei ght of the physical sorbent nedium nore preferably |Iess than 100
parts-per-m | | i(60%hpervdaydhh cogtdpohdinp srigeainddabiVety lsegem appaatud0
parts-per-mllion, and nost preferably no nore than 1 part-per-mllion by
10 wei ght of trace conponents selected fromthe group consisting of water
and oxidic transition netal species, based on the wei ght of the physical

sorbent e um COUARSAASAN sl sciobi didda 8y BV BlRBlea SRR R UM

concentration 15 of trac ecte romthe p consisting of

water a oxidi.c transition tal .s i e e.qg., oxides, sulfjtes, and

it rated), basdireBHORHEHOTG AENBRS IERATHhIS Sae-berBulER heceish £F GREF abi y
is insufficient to deconpose nore than 5% by weight of the sorbate, gas
after 1 year atcomporenihdelseted fom dhe grouprconsisting odovater axhexidispirprstiiqions,

it is desired to provide gases deriving froma storage and delivery system
apparatus at a mgtgh epedma?oasﬁds ohathgewpighis siirthe fphysicalh sorbento mgdimnanaore
delivery system sorbent-containing vessel. In such instances, venturi

punps may be empéforabty Wdls climnr BO0spartshgerpridisaube wafighithstils uppeé pedfergbly less a

sel ected pressure | evel above that at the cylinder head (of the cylinder

contai ning 30 WA iLpHROS4-nEdVSRLMmbsPEeferably no more than 1 part-per-million by
10 weight of trace components selected from the group consisting of water and
oxidic transition metal species, based on the weight of the physical sorbent

medium.

Correspondingly, the solid-phase physical sorbent medium concentration
15 of trace components selected from the group consisting of water and oxidic
transition metal species (e.g., oxides, sulfites and nitrates), based on the weight of

the physical sorbent medium, preferably is insufficient to decompose more than

5% by weight of the sorbate gas after 1 year at 25°C and said interior pressure.

20 In some applications, it ig desired to provide gases deriving from a storage
and delivery system apparatus at a higher-than-discharge pressure from the
storage and delivery system sorbent-containing vessel. In such instances, venturi
pumps may be employed which raise the pressure of the supplied gas to a

selected pressure level above that at the cylinder head (of the cylinder containing
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t he sorbent binding the gas being dispensed). Although such venturi punping
arrangenents yield the di spensed gas at the sel ected higher pressure |evel,
such ar voges®sd s nonet hel ess entail dilution of the gasPOBURY/BPRpensed
with a carrier gas, since the carrier gas is entrained wth the di spensed
gas fromthe cylinder. 5 Such dilution effect represents a significant
constraint on tthesabentabindingrtbe gss beipgtdispensed).i Hdtimogk sueth gemun gampias of
high purity is desired fromthe storage and delivery system apparat us.

Mechani cal punpsrafipeméets yiehd tHendl?iea@@i gf at iR beledte HIPhEN Pred®@d fevel) Ylich
nmechani cal punps entail the disadvantage of a 10 significant nunber of

noving parts, WiahBeféils AeMTRe1s QR AMBLASS GPtlf%t d by %thp%ﬁ&dfvé}lm‘@%érﬁ@r of
particul at es |n the punp and/or entrainnment of Tubricants. In such

i nst ances, I em
apparatus is d r E‘ﬁ’ qué%%ﬂg %Aﬁﬁgﬁﬁﬁanﬁﬁﬁ gﬁ1 S“?%S@%?egq ?#oéleﬁx cﬂﬁ&%
neat 15 condition, the provision of a cryopunping assenbly in the storage
and delivery system apparatus nmay be advantageous. Figure 7 is a schematic
perspective view of such_a cryopunpi ng storage . and delivery system
appar at us 100, accordichgdifusion’ elfdt Hepregsmbodi Fomificet ¢anstraind opnthenevesdl | n
the cryopunping system the main cylinder 102 contains a suitable sorbent
materi al (not Neeesy sydem, in mstapeasl sihers ingglegashefvhigh pusifd éldesired doom ghe
sui tabl e sorbate gas species to be subsequently dispensed, and is equi pped
wth a 31 WO Gidr8308d ROveSEtchBparatus. Mechanical pumps may be used in place
of venturi pumping means, but mechanical pumps entail the disadvantage of a
10 significant number of moving parts, which can cause problems associated with

the formation of particulates in the pump and/or entrainment of lubricants.

In such instances, where the gas supplied by the storage and delivery
system apparatus is desired to be furnished at high pressure in a high purity, neat
15 condition, the provision of a cryopumping assembly in the storage and delivery

system apparatus may be advantageous.

Figure 7 is a schematic perspective view of such a cryopumping storage
and delivery system apparatus 100, according to a further embodiment of the

20 invention.
In the cryopumping system, the main cylinder 102 contains a suitable

sorbent material (not shown), e.g., molecular sieve, having loaded thercon a

suitable sorbate gas species to be subsequently dispensed, and is equipped with a
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val ve head assenbly 104 including main cylinder valve 106, which is in the
"off' position at the start of the dispensing process. The val ve head 104
i s coupl adovoswenduit 108 containing isolation valve 5 1ROT/UR#IES9E2 ow
controller 112, isolation valve 114, and cryopunp 116. Conduit 108 is in
turn coupled to conduit 109 containing isolation valves 118 and 122 and
product di spensiivg headjadsambly Heiseclbiipng hB0n hglitdey valive ¢ DG rwlecipisrin the3pft"

coupl eable to a downstream process system Joined to the conduit 109 is a
medi um pr essurgosiﬁb@aﬁme stegssTahe didfensih@ pidessr yopunp 116 coupl ed to conduit
108 is provided with a liquid nitrogen (or other suitable cryogenic liquid
or fluid) inlet 128 and a liquid nitrogen outlet 126, with a liquid
cryogen flow path being provided internediate the inlet 128 and the outl et
126 which is circu ri t.] ] as,.: : iquid
cryogen inlet and gﬁ‘?ﬁee‘?f‘%fP‘%ﬁ@%r‘%gg“ﬁ%fﬁg&@é‘@@?g‘g’%@“ lﬁ? gsl\ﬁg]hgg};?\%h}ae
source | i quid.cryogen, as for ampl e a cr nic air sep tion, .
installation orl(ijgl’ z %@%"rﬁﬂ!ﬂ%@fﬁf r}gglgglﬂﬁ?%gaﬁ&%??%c?&%&r}ﬁ?ﬂuw; 'o¢°rbqulluter
coolant. The cryopunp thereby forns a cryotrap, apparatus. The out]l et of
the cryopunp tIR8ds instum%ﬁﬂiplfédo\ﬁplﬂwlfa]rp%%F%‘%mg)iﬁofﬂémé’ab@?,l1%1?1‘&{1 {4%eandedi um
pressure cylinder 20 120 is isolatable by neans of the isolation valve
122. A pressur g@reduehdiposinglregulator pssembtje tBQ haviugdigehargeOgorahdt tenplesbps ed in
pressure nonitoring relatignship to cylinder 102 for nonitoring of pressure
in the cylindes a@odnEesHopicyss|systal Usineddo tHeccondwit 809 Bra madium prdSure?5

storage vessel 120.
10
The cryopump 116 coupled to conduit 108 is provided with a liquid
nitrogen (or other suitable cryogenic liquid or fluid) inlet 128 and a liquid
nitrogen outlet 126, with a liquid cryogen flow path being provided intermediate
the inlet 128 and the outlet 126 which is circumscribed by heating elements 124
15 as shown. The liquid cryogen inlet and outlet of the cryopump may be suitably
joined to a source of liquid cryogen, as for example a cryogenic air separation
installation or a cryogenic cylinder source of liquid nitrogen or other coolant.
The cryopump thereby forms a cryotrap apparatus. The outlet of the cryopump
thus is provided with an isolation valve 122, and the medium pressure cylinder

20 120 is isolatable by means of the isolation valve 122.

A pressure transducer 111 is provided in conduit 108 and is coupled in
pressure monitoring relationship to cylinder 102 for monitoring of pressure in the
cylinder and responsively adjusting the isolation valve 118.

25
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32 WD 01/83084 PCT/US01/ 13922 The operation of the storage and delivery
system shown schematically in Figure 7 is illustrated below wth reference
to sil anev@se1/83ee4 gas sorbed on the sorbent in cylinder 1PCT/@Rel/13822be
delivered at suitable el evated pressure, and nitrogen as the cryogen to be
enpl oyed as the working fluid in the cryopunp 5 116. Silane has a boiling
poi nt of -111.5 degThepEeatibh @f Hokestanage andrdélivieryysystann shovad sch@matieajlyeins
Centigrade, and nitrogen has a boiling point of -195.8 degrees Centigrade.

Si | ane has beefFiggé gciscitludttited bélowt whk ireferdpué PO SRSnesaNte gas sofbededmattievel y
10 difficult to deliver at suitably elevated pressure (in relation to other

hydridic 9ase§m%eﬁrnnaéy1ﬁrd§f ne2 \aﬁaqb H%acr&wefeahﬁrsuh%relaava@éad feb 881 49

points, and thus may be nore easily cryopunped wth | ess cryogenl c cooling

bei ng required f | vvrth
val ves 118 and)mtﬁ(gge&g’% tggl%rr‘?%%ﬁoseéaen#g%e%d% rth\%;‘g%rlljm%dgﬁgqp ﬁ[égf gt ure
in the yogeni.c_p S red to id nitr ent at u srlane
w11 comtianae di6" BB bea ot bei ot deBies® LR Pahdt LS el Gl ndittor na
pressures exist in the supply cylinder, 102, 20 The mass f| ow controller
112 al l ows for 0£d§érd§geeeaé§6@%eraﬁat ngnnigpgethbas & beHing: ROiBE ofaldSKefegyees
transferred to the cryopunp 116. Such accurate determ nation is inportant
because over pr é®stigiadat i on of the cryopunp is desirably avoi ded. Under

such operating conditions, silane will be above its «critical tenperature
so that the ultimate pressure in the cryopunp can potentially

Silane has been selected for illustration purposes since it is relatively
10 difficult to deliver at suitably elevated pressure (in relation to other hydridic
gases such as arsine which have higher boiling and freezing points, and thus may

be more easily cryopumped with less cryogenic cooling being required).

If at the outset valves 110, 114, and 106 are open, with valves 118 and

15 122 being closed and under vacuum, and the temperature in the cryogenic pump
is lowered to liquid nitrogen temperatures, silane will condense and freeze in the

cryopump, even if relatively low internal pressures exist in the supply cylinder

102.

20 The mass flow controller 112 allows for accurate determination of the
quantity of gas being transferred to the cryopump 116. Such accurate
determination is important because overpressurization of the cryopump is
desirably avoided. Under such operating conditions, silane will be above its
critical temperature so that the ultimate pressure in the cryopump can potentially

25 become very high.
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25 becone very high. 33 WO 01/ 83084 PCT/US01/13922 After the correct
anount of gas has been transferred to the cryopunp 116, the valves 110 and
114 are oVO9w8B08The condensed silane then is warnmed to neRET/U&oMI3LRE
tenperatures. The heating is carried out by the heating neans 124, 5 which
in the enbodi ment shown conprise band heaters but could be any suitable
heati ng nmeans appropriate for such service. The silane gas does not thereby
have to be heated to high tenperatures, and the stability and purity of

t he product gas t o Afeerdhsperestanomtiofigasing beah tracdelredstortbe ctyeptinpd 16ay
result in the occurence of degradation of the silane gas with consequent

adverse effect tigwvdlv& 1Ordndyl 1ange clbfed. Urtdh@mndedsadisliadeythed Bewinesisymeanf the
silane gas after the warmup in the cryopunp nay becone significantly

el evated, and %Hb%ttitﬁlﬁbé/raﬁ%. 985e HRSHEPY BfRcd P TH th‘é%ﬁ%é?ﬁéins iin4a high

purity state, and w thout exposure to a nechanical punp 15 many novi ng

parts why ch ”axvh?éﬂ‘ﬁ{tﬂ’{; %b%&i%ﬁé'nf ﬂo@vncfo@ﬁrﬁﬁ'e %@%&1 e bhf‘@om@pggﬁf&ui%fe The
i nventory of gases In e overart system rmay be qui fe 't ow a S polnt,
wi th nost of the sil ane resi di.n%fj n the sorbent vlessel, c%l i ntger 1g2\} at
low 20 pressuPEMEIBRFISGPRLOPTAte {OBSUHh SPrvigee i g stlane asddops net BePhPevs he
medi um pressure cylinder 120; if valve 122 is open, then product silane
gas can flow t do bpacatgdihbichdemperneess and hestapilityiasd parigeobbedraduet gas
noni tored by the nonitoring

to be dispensed is thereby enhanced, since heating may result in the occurence of

degradation of the silane gas with consequent adverse effect on its purity and

10 further stability.

The pressure of the silane gas after the warm-up in the cryopump may
become significantly elevated, and effectively the gas thereby has become
compressed, in a high purity state, and without exposure to a mechanical pump

15 with many moving parts which may otherwise result in contamination of the

product gas.

The inventory of gases in the overall system may be quite low at this
point, with most of the silane residing in the sorbent vessel, cylinder 102, at low

20 pressure.

Opening valve 118 will then allow gas to flow into the medium pressure
cylinder 120; if valve 122 is open, then product silane gas can flow to the
downstream process through discharge port 134, as monitored by the monitoring

25 means (e.g., flow pressure) associated with the regulator assembly 130. The
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25 neans (e.g., flow pressure) associated with the regul ator assenbly 130.
The 34 WD 01/83084 PCT/ US01/ 13922 regul ator assenbly 130 has associ at ed
pressurewoansiecer 132 which may be operatively coupl edPCTVUSHIE13022er al |
systemw th the other valves and cryopunp conponents so that the product
gas is delivered at a selected pressure and volunetric flowrate. 5

Cor r espondi ngl yegulater ¢ssemblis 13Gihae gssosiatesl pressyre dansdsicerel 32 shjaipmaey, be
transducers and regul ator nmay be operatively interconnected in any suitable
manner, e.g., wpthatieglyglm@upleddn,thaodenploystsm withahy othes tvelves and ccyypuynpout

t he denmand-based delivery of silane or other sorbate gases, in a readily

control I able t6mpbfente RO OMLC R Brodaoiness isdelveiléd@t ¥ sdlb@edPessalreosmdof t he
system schematically shown in Figure 7 desirably is timed to avoid

di sruption to %hﬁﬂ@tﬁfh@{ﬁg e with downstream process flows. Signals from
the mass flow controller and pressure transducers in the 15 cryopunp and
medi um By essure tanks can be used in an automated process system The
cryopunp can be cycled to nove gases fromthe storage and delivery system

to the nmedi um pressglt'e cglind r 120 to maintain a nst ant 1 ressure at the
outl et of the regul at%Bs “géﬁ EV4TI0BS RS s Pesb ALOgt cniLelics GHOPYRP,

storage and delivery cylinder was conparatively evaluated for each of two
mol ecul ar si evdraggshisesst andq fegulgps may; bej@peratively” interconnected in any suitable

manner, e.g., with cycle timer, and process safety systems, to carry out the
demand-based delivery of silane or other sorbate gases, in a readily controllable

10 and reproducible manner.

Accordingly, the operation of the system schematically shown in Figure 7
desirably is timed to avoid disruption to or interference with downstream process
flows. Signals from the mass flow controller and pressure transducers in the

15 cryopump and medium pressure tanks can be used in an automated process
system. The cryopump can be cycled to move gases from the storage and
delivery system to the medium pressure cylinder 120 to maintain a constant

pressure at the outlet of the regulator.

20 EXAMPLE I
Decomposition of arsine gas in a storage and delivery cylinder was
comparatively evaluated for each of two molecular sieve sorbent materials: Linde
5A molecular sieve (Union Carbide Corporation, Danbury, Connecticut),
hereinafter referred to as Sorbent A, and Zeochem 5A molecular sieve (Zeochem,

25 Louisville, KY), hereinafter referred to as Sorbent B. Each of Sorbent A and
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5A nol ecul ar sieve (Union Carbide Corporation, Danbury, Connecticut),
hereinafter referred to as Sorbent A, and Zeochem 5A nol ecul ar si eve
(Zeochemw@b1/83984 svil l e, KY), hereinafter referred to as BoTWen13®2 Each of
Sorbent A and 35 WD 01/83084 PCT/US01/13922 Sorbent B are synthetic
crystalline cal ciumalumnosilicates having 5 Angstrom pore size, but

Sor bent A cont &omenh Boargysynibatie eryatadlineelobynpdymingsilisatps hardng ésAngsgem out

in Table Il belowis a quantitative analysis of the Sorbent A and Sorbent
B showi ng t he giofd sz huteSorbentchdnpdsing i olay thivelee whereah Bombent® igtzinderfess.- 5
mllion (ppm concentrations listed are 50% Table Il Quantitative

Anal ysis of Sorbent it atdinSpavient befow iifa PRnitEathey arilysid GMthe (Sopvht AlarBor bent
A Sorbent B Alum nummajora major Barium< 372 < 301 Beryllium< 372 <

301 Cal ci um Mgyogfenfy %ovaiﬁé@palf?erélcég & onﬁ?&siti@f&@dfmwﬁel%%ﬁe PartPhr-
Copper < 372 < 301 Iron 3084 < 301 @llium< 372 < 301

5 million (ppm) concentrations listed are + 50%.

Table 11

Quantitative Analysis of Sorbent A and Sorbent B, in parts-per-million

(ppm)

10 , Sorbent A Sorbent B
Aluminum majord major
Barium <372 <301
Beryllium <372 <301
Calcium major major

15 Cobalt <372 <301
Chromium <372 <301
Copper <372 <301
Iron 3084 <301
Gallium <372 <301

20 Magnesium 556 <301
Manganese <372 <301
Molybdenum <372 <301
Nickel <372 <301
Phosphorus <372 <301
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20 Magnesium 556 < 301 Manganese < 372 < 301 Ml ybdenum < 372 < 301

Ni ckel < 372 < 301 Phosphorus < 372 < 301 36 WO 01/83084 PCT/ US01/ 13922
Lead < 3W061/8084 Silicon major mpjor Tin < 372 < 301 StrOnUSUmM3R2372 <
301 5 Titanium < 372 < 301 Vanadium < 372 < 301 Zinc <372 <301 Zirconium
< 372 <301 10 % Silicon 21.19 19.70 % Al um num 19.11 17.39 % Cal ci um
7.21 7.45 15 deadijor here referring to<a72 east 5% by <illght, based on the
total weight of the nolecular sieve As shown by the data in Table I1,

Sorbent B cont &fliged trace anounts major major
Tin <372 <301
Strontium <372 <301
5 Titanium <372 <301
Vanadium <372 <301
Zinc <372 <301
Zirconium <372 <301

10 o
% Silicon 21.19 19.70
% Aluminum 19.11 17.39
% Calcium 7.21 7.45

15

2 major here referring to at least 5% by weight, based on the total weight of the

molecular sieve

As shown by the data in Table II, Sorbent B contained trace amounts

20 (defined here as amounts of less than about 500 ppm of the specified component)
of all measured elements with the exception of the major components of the

molecular sieve, calcium, aluminum, and silicon, while Sorbent A contained a

significant amount of iron (3084 ppm) and slightly more than a trace amount of

magnesium.
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20 (defined here as amounts of |ess than about 500 ppm of the specified
conponent) of all neasured elenents with the exception of the major
conmponentwO 0f/830B& nol ecul ar sieve, cal cium alum num anBCBURIIEBM2 whil e
Sorbent A contained a significant anmount of iron (3084 ppn) and slightly
nore than a trace anmount of magnesium 37 WO 01/83084 PCT/ US01/13922 In
the conparison test of the two sorbent materials, each of identical gas
cylinders was filled with a respective sieve material (Sorbent Ain a first
cylinder and Sorbeiit th ¢comparsen tastoLtheitwdepibentmdteriats, sadhve idettinl gdss i n
each of the 5 cylinders was | oaded with a sanme anmount of arsine gas. After

the | oading of cylv@lersivay filledivithiaabspettivd dieveraspaslt (Suebeay Al indeirst cylinger
pressures in each of the cylinders was nonitored for pressure rise due to

deconposi tion gfq &3hdie ]@Xnt A6ecbRAT ghf?&br) AdAe 51éve51ﬂa'?enal§iﬂ1€z§:hh8fiﬂ&ge” i's
not adsorbed by the nol ecul ar sieve nonitoring took place at

constantg tenper, I i Stor of
time i stss hown gﬁllt#? S W%Ql%ﬁg ?Vﬁﬁté ur egaél%u%a%& n% %% %e&gtregzgeﬁiro é&ilﬁgto[k)g}%a is
plotted as a functlon of el apsed tlne nut es. t
curve A showi Ve FRAETALS I DS TERRRCHNCG igiéts, e Pé%%é“reﬁ T RS i e
contai ni ng Sorbent A, after 250 hours rose to 15 approximately 37.5 psia,
whil e curve B, “@ﬁmm@r%@rmré@gm@seb@m% decopposifian @h arsing,by H@ ©pstigider
cont ai ni ng Sorbent B, shows no pressure rise over the sane period of tine
of the test. AsAs+ 1.5 Hp, since hydrogen is not adsorbed by the molecular sieves. Such

Fi gure,

monitoring took place at constant temperature.
10
The resulting pressure history as a function of time is shown in the graph
of Figure 8, in which the pressure in psia is plotted as a function of elapsed time,
in minutes. As shown by the Figure, curve A, showing the pressure behavior of
the gas in the cylinder containing Sorbent A, after 250 hours rose to
15 approximately 37.5 psia, while curve B, showing the pressure behavior of the gas
in the cylinder containing Sorbent B, shows no pressure rise over the same period

of time of the test.

The performance differences exhibited by the respective Sorbents A and

20 B is striking, for the fact that while otherwise compositionally equivalent, the fact
of the more-than-trace concentration of iron in Sorbent A led to substantially

increased pressure due to the decomposition of arsine in the cylinder containing

Sorbent A, while Sorbent B maintained the arsine in an undecomposed state, with

no formation of hydrogen being observed in respect of pressure increase.
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The performance differences exhibited by the respective Sorbents A and 20
Bis striking, for the fact that while otherw se conpositionally

equi val ewQ o1/43884 act of the nore-than-trace concentrati oRCDUSIVIGM2 n
Sorbent A led to substantially increased pressure due to the deconposition
of arsine in the cylinder containing Sorbent A while Sorbent B maintained
the arsine in an undeconposed state, with no formation of hydrogen being
observed in respect of pressure increase. 38 WD 01/ 83084 PCT/ US01/ 13922
Accordingly, it is Acbglnglycanis di siguifieant tisedverhehaetengeminttositionf of
hydri di c gases such as arsine, phosphine, etc., can be suppressed by the
provision of sgakeitgas@tsath ad ssitb] stospliife, beo! 0¢a(ﬂ tefsuppressetiibgnhé poeBi@nunt s
of 5 contam nants such as iron, Whl ch are conventionally present in

comercial ly aygi 38L& %pit@rwé afhish eeS dehsld Obp ehoROTRENtrd¥Bt 8hb@kts of

conprising mneralic or cl ay based binders, which have been incor porat ed

in The sorbent conpasiid gf ht B i hASLE 9 )6l Y e ARk i AR

integrity of t fe" ot gure |s a perspec |ve
view of a gas ca corp rating a sorbent based

bi 400

Storage and di SRS G ICSEG SR ol GOTE T BB SRS SrHE o
i nvention. The (I;as cabl net assenbly 400 jncludes a gas cabi net 402. The gas
cabi net 15 40Zlayseased hndgrs W@lcmvahaemmeorppra&s}l g SOtbgRfrcopIopitian dotangd
ceiling 411 defining a .housing with front doors 414 and 420. The housing
and respect i ve edbarcing thacirogturahstabitityearidantegotyuofighd $@bentimatealr s may be
arranged to be self-closing and self-latching in

10 Figure 9 is a frontal perspective view of a gas cabinet assembly 400

incorporating a sorbent-based gas storage and dispensing assembly according to

one embodiment of the invention.

The gas cabinet assembly 400 includes a gas cabinet 402. The gas cabinet
15 402 has side walls 404 and 406, floor 408, rear wall 410 and ceiling 411 defining
a housing with front doors 414 and 420. The housing and respective doors

enclose an interior volume 412.

The doors may be arranged to be self-closing and self-latching in

20 character. For such purpose, the door 414 may have a latch element 418 that
cooperatively engages lock element 424 on door 420. The doors 414 and 420

may be beveled and/or gasketed in such manner as to produce a gas-tight seal

upon closure of the doors.
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20 character. For such purpose, the door 414 may have a latch el enment 418
that cooperatively engages | ock el enent 424 on door 420. The doors 414 and
420 may We obgsved ed and/ or gasketed in such manner as to PeDUSCIEL3N2
gas-tight seal wupon closure of the doors. 39 WO 01/83084 PCT/ US01/ 13922
The doors 414 and 420 as shown may be equi pped with w ndows 416 and 422,
respectively. The wilhgslasrsby and 420 ee shaymmgy be¢quiptedwithavipdovedfi angds,  so
as to be resistant to breakage, while at the sane tine being of sufficient
area to aff or d2anrespaziiselyu cEredwindews afaytbyewirnireinfarcedval dioretedhip@red rpdiass,

mani fold 426. 5 The manifold 426 as shown may be arrranged with an inlet

connection |iRead&dbd Rafstanbtd Krkdkabé,aviile £ tigsathe thipyb&agopaiftaithidteamot h gas
supply vessel 433. 10 The manifold 426 nmay conprise any suitable

conponent s, i NGl APufEHstruSERNRM O hOMGRI o RIme/ AlVER mATRRI 42QW
controllers, process gas nonitoring Instrunentation for nmonitoring the
process 5condi tions of the gas being dispensed fromthe supply vessel, such
as pressure, tenperature, flowrate, concentration, and the like, manifold
controls, including,_gutonma i tching assenblies for, 15 swi tchover of the
Gos suppl y vessel s AR ADBIa oY TGRS b Ariesd Mt 8n SHIHLEHFGRP n t he
gas cabi net, |eak detection devices, automated purge equi pmrent and
associ at ed act deedt39 that ispieingbleqint Hesednflesy jcomnyusicaiion orith gas supply Hessplet
when a leak is detected fromone or nore of the supply vessels.

433.

10 The manifold 426 may comprise any suitable components, including for
example flow control valves, mass flow controllers, process gas monitoring
instrumentation for monitoring the process conditions of the gas being dispensed
from the supply vessel, such as pressure, temperature, flow rate, concentration,
and the like, manifold controls, including automated switching assemblies for

15 switchover of the gas supply vessels when a multiplicity of such vessels is
installed in the gas cabinet, leak detection devices, automated purge equipment
and associated actuators for purging the interior volume of the gas cabinet when a

leak is detected from one or more of the supply vessels.

20 The manifold 426 connects to an outlet 428 at the wall 404 of the cabinet,
and the outlet 428 may in turn be connected to piping for conveying the gas
dispensed from the supply vessel to a downstream gas-consumption unit coupled
with the gas cabinet. The gas-consumption unit may for example
comprise an ion implanter, chemical vapor deposition reactor, photolithography

25 track, diffusion chamber, plasma generator, oxidation chamber, etc. The
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20 The manifold 426 connects to an outlet 428 at the wall 404 of the
cabinet, and the outlet 428 may in turn be connected to piping for

conveyi ngvOhesss di spensed fromthe supply vessel to a BOWUSOVBUR
gas-consunption unit coupled wth the gas cabinet. The gas-consunption
unit may for exanple conprise an ion inplanter, chem cal vapor deposition
react or, phot olmanifolyt 4Aphyna@sbd caskyctdil fahd sirengeh forbeoyidpiga s peedptamarizdor
oxi dation chanber, etc. The 40 WD 01/83084 PCT/USO01/ 13922 nmanifold 426

may be const r ugoedragnel the daspassddfgas fiohDthe GupEly Iefiebalal gisndabidt tof thewas-at e of
t he di spensed gas fromthe supply vessel and gas cabinet to the gas-
consunpti on unichngumplidg w@fS cabinet has a roof -mounted display 472 coupled
with the manifold elenents and ancillary elenments in the interior volune
of the cabinet, for nonitoring the process of dispensing the gas fromthe
gas supply vessel(s) in the interior volunme of the cabinet. 10 The gas

cabi net y al so be provided wi th a roof.-mounted.exha fan, 474 that is
coupl ed dg‘; coupl i ng 1:?‘f’t g‘?snﬁgﬂ% F%S & §%§ﬁ?ﬂ@t%§%b%’§(aty g% Gopled; g’étﬁa%e of
gas fromthe interjior volunme qof the cabinet, in the direction indicated by
arrow E. The &aagld clemsntsand pagillsey elseenisdn the ndgrinrofplume of thy eabingtal
speed to inpose a predeterm ned vacuum or negative pressure in the
i nterior vol undorohonitoringehe atncasst of dispeasihg thehgas fpomo tlecgdswsapplyasssel(shigai nst
any undesirable efflux of gas |eakage fromthe gas cabi net. The di scharge
conduit may t helieciharor beluariyfitiededbinet.a downst ream gas treatnent unit (not
shown), such as a scrubber or extraction
10 The gas cabinet may also be provided with a roof-mounted exhaust fan
474 that is coupled by coupling fitting 476 to discharge conduit 478 for discharge
of gas from the interior volume of the cabinet, in the direction indicated by arrow
E. The exhaust fan 474 may be operated at appropriate rotational speed to
impose a predetermined vacuum or negative pressure in the interior volume of
15 the cabinet, as a further protective measure against any undesirable efflux of gas
leakage from the gas cabinet. The discharge conduit may therefore be coupled to
a downstream gas treatment unit (not shown), such as a scrubber or extraction
unit for removing any leakage gas from the exhaust stream. In order to provide a
supply of inflowing air for such purpose, the cabinet, e.g., the doors, may be
20 constructed to allow a net inflow of ambient air as a sweep or purge stream for

clearing the interior volume gas from the cabinet. Thus, the doors may be

louvered, or otherwise be constructed for ingress of ambient gas.

The gas supply vessel 433 may suitably comprise a leak-tight gas

25 container, such as for example a cylindrical container of the type used in
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unit for renoving any | eakage gas fromthe exhaust stream In order to
provide a supply of inflowing air for such purpose, the cabinet, e.g., the
doors, nmawWObEs®PB4 constructed to allow a net inflow of anbPe€MIS@/I3922s a
sweep or purge streamfor clearing the interior volune gas fromthe

cabi net. Thus, the doors may be [|ouvered, or otherw se be constructed for

i ngress of anbicenYenijanal high prassusugpy gyNudesy|indudinges) vell #3d|opclosimgrase a

| eak-tight gas 25 container, such as for exanple a cylindrical container
of the type useuterior veldmW\Of @i/ 83884 DRpbsedsmithd 88&%or vodurue of thervahtalmeg s
pressure gas cylinders, including a wall 432 enclosing an interior volune

of the vessel . apaHoded solidtsBfbennbhrdived, &/@| drphydicalt iRoftRAt Biabeial stch as
particul ate solid sorbent nmedium e.g., a physical adsorbent material such

as carbon, nol akohd ekl & N . gbgg of a
type as 5 descf%%gg’ 8???%385@%1h§ﬁ%fﬁkﬁ§§’%Chﬁgﬁ’ﬁ%@%¥?§{ af?fgﬁ¥%p§%d
capacity for t . di sed. qE | o) .

e conduct or 1Rt SRR « GEh sERE L AT AR B e e
preferably of ulér :high purity, e.g., "7-9's" purity, 10 nore preferably
"9-9's" purity,© ﬁaBBV%ﬁdhigher, the sorbent material nust be substantially
free, and preferably essentially conpletely free, of any contam nant
speci es that woul d cause deconposition of the stored gas in the vessel and
cause the vessel interior pressure torise to levels significantly above
the desired set poikur sppicatenprsusbune. sebSconductor manufacturing, in which

dispensed reagent gases are preferably of ultra-high purity, e.g., "7-9's" purity,
10 more preferably "9-9's" purity, and even higher, the sorbent material must be
substantially free, and preferably essentially completely free, of any contaminant
species that would cause decomposition of the stored gas in the vessel and cause
the vessel interior pressure to rise to levels significantly above the desired set
point storage pressure.
15
For example, it is typically desirable to utilize the sorbent-based storage
and dispensing vessel of the invention to retain gas in the stored state at pressure
not exceeding about atmospheric pressure, e.g., in the range of from about 25 to
about 800 torr. Such atmospheric or below atmospheric pressure levels provide a
20 level of safety and reliability that is lacking in the use of high pressure

compressed gas cylinders.

For such high purity gas dispensing operation from the sorbent-based
storage and dispensing system of the invention, it is desirable that the supply

25 vessel be subjected to suitable preparative operations, such as vessel bake-out,
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For exanple, it is typically desirable to utilize the sorbent-based storage
and di spensing vessel of the invention to retain gas in the stored state at
pressur e waot/s®gceedi ng about at nospheric pressure, e.g.,PCHUSHIEI3p2Nge oOf
fromabout 25 to about 800 torr. Such atnospheric or bel ow at nospheric
pressure |levels provide a 20 level of safety and reliability that is

| acki ng in t he andier pprging o pneurs (that the ypsseleissdlisfzes ofy¢antarainants tpt mayeh

hi gh purity gas dispensing operation fromthe sorbent-based storage and

di spensi ng systoatgasfor totleerwiveendversely affect thedms idispbhsng hperatidreirssybpéquen25
vessel be subjected to suitable preparative operations, such as vessel

bake-out, 42 (& QF/tBS08rbeMTdskiBRicrdO2d dRpelsaly Prstegh.nFurther, ahs wobehhat
the vessel itself is free of contam nants that nmay outgas or otherw se

adversely affeqfsdtfh%lagasogdisﬁ%&%hh% OBk i@ %@gﬁ%%&%ﬁonb‘ﬁ%@ﬁ hhe

sor bent - based storage”and di spensi ng system her, the sorbent itself

may be %Ub j ec etEe%trﬁ&R&Spé’n%&Ie?deQErg)ﬁgé ?)Fia\ge?x%%ﬁécﬂ{sis?)géies 6 F Saégﬁ)gnt

tgjg
pretreatnent to ensurée desof ption xtraneous“speci'es Trom

adsorbent material, pr.ior to. being |oaded in the supply vessel, .or.

Al tornatively oFtglngHog i, PEioBa kg Balte. BEPYAMGHSr Op GG Y iodrboi e
adsorbent is charged to the vessel. As shown in Figure 9, the supply vessel
433 is of el ongubigctediq pakerouf and/or pygingridick reradperpedy Fhageed todheyessdld t hat
is reposed on the floor 408 of the cabinet, and with an upper neck portion
436 to which is secured a valve head 438 to |eak-tightly seal the vessel.
Inits fabrication, the supply vessel 433 may be filled with adsorbent and
thereafter, before ks sidved it Rigwwerdhahe sgasdy ivesdebDdd8ds @f elongate vertically

10 upstanding form, having a lower end that is reposed on the floor 408 of the
cabinet, and with an upper neck portion 436 to which is secured a valve head 438
to leak-tightly seal the vessel. In its fabrication, the supply vessel 433 may be
filled with adsorbent and thereafter, before or after the sorbate gas is loaded on
the sorbent, the valve head 438 may be secured to the vessel neck portion, e.g.,

15 by welding, brazing, soldering, compressive joint fixturing with a suitable sealant
material, etc., so that the vessel thereafter is leak-tight in charactef at the neck

joint with the valve head.

The valve head 438 is provided with a coupling 442 for joining the vessel

20 to suitable piping or other flow means permitting selective dispensing of gas
from the vessel. The valve head may be provided with a hand wheel 439 for

manually opening or closing the valve in the valve head, to flow or terminate the

flow of gas into the connecting piping. Alternatively, the valve head may be

provided with an automatic valve actuator that is linked to suitable flow control
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t he sorbent, the valve head 438 may be secured to the vessel neck portion,
e.g., 15 by welding, brazing, soldering, conpressive joint fixturing with a
sui t abl e vw@al/saeg4 material, etc., so that the vessel therrafA801/13922

| eak-tight in character at the neck joint with the valve head. The val ve
head 438 is provided with a coupling 442 for joining the vessel 20 to

sui t abl e pi pi ngnesns.gvhseby thevilaveahgasghiineithe digpensingcaneratiogiis pwitpined af gas
fromthe vessel. The valve head nay be provided with a hand wheel 439 for
manual | y openi raglesirectlepsli ng t he val ve in the valve head, to flow or
termnate the flow of gas into the connecting piping. Aternatively, the
val ve head nay be provided with an automatic valve actuator that is |inked
to suitable flow control 43 WO 01/83084 PCT/US01/ 13922 neans, whereby the
flow of gas during thedi#RaNE IR sRRelifblefRall BetWBIN IR ARG tvohind 88 kKed

| evel . In operation, a pressure differential between the interior volune of

the .5 supply 433 L. QR .o/ Cj . the
mani fol & 1 o SSHERT e 45 Sl A S YipBEMoWP eIy EbE B bikisblg 197
and to flow fromih vessel into,th as flow mani fold 426. A
Concent rat on drEbHTSAFS FaGeresr haksa F55 1he SYbTE MagidsgdE Bavdiom B whi cn
gas desorbs fromthe sorbent and passes into the free_ gas volune of the
vessel , to flowegst ige thegas,Bewananifld 42¢-ne gencgatratipn ¢raving dorga foempssad i s
open. Alternatively, the gas to be dispensed nay be at |east partially
thermal |y desdrdpsidr fsrtbenebyerestsdlsnwhich gahdespdssiedm fig3soripent asdipissgainpose,
the fl oor 408 of

the free gas volume of the vessel, to flow out of the vessel while the valve in the

10 valve head is open.

Alternatively, the gas to be dispensed may be at least partially thermally
desorbed from the sorbent in the vessel 433. For such purpose, the floor 408 of
the cabinet may have an electrically actuatable resistance heating region on

15 which the vessel is reposed, so that electrical actuation of the resistance heating
region of the floor causes heat to be transferred to the vessel and the sorbent
material therein. As a result of such heating, the stored gas desorbs from the

sorbent in the vessel and may be subsequently dispensed.

20 The vessel may alternatively be heated for such purpose by deployment of
a heating jacket or a heating blanket that enwraps or surrounds the vessel casing,
so that the vessel and its contents are appropriately heated to effect the desorption

of the stored gas, and subsequent dispensing thereof.
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t he cabi net may have an el ectrically actuatable resistance heating region
on 15 which the vessel is reposed, so that electrical actuation of the
resi stanoeOhestoBng region of the floor causes heat to bePCT/@R&Br22d t O

t he vessel and the sorbent nmaterial therein. As a result of such heat i ng,
the stored gas desorbs fromthe sorbent in the vessel and may

subsequent | y di spens®tia fortherappipaely dhe desprationent fhe FF@@%%’éﬂﬁ%‘t’@é@lf@@y such
purpose by depl oynment of a heating jacket or a heating bl anket that

enwr aps or surrisurdgiadheufesedsr twsiimgetus sof thmh pressuresisiirentisdniddgated
contents are appropriately heated to effect the desorption of the stored
gas, and subsedi¢enption spbthetmglyt-mediaed.dedotpti¥n.01/ 83084 PCT/ US01/ 13922 As a
further approach, the desorption of the stored gas in the vessel nmay be
carried out under the inpetus of both pressure-differential -nedi ated
desorption and ther mal | y- medi at ed desorption. 5 As yet another al ter native,

the suppdy vessel Moy e BEQMLAALAUAE. the 6 Wo%ssgﬁ&&knﬁeemg@re a Wi on

may be connected to a source of cafrrier gas erlor
exterior to the _cabinet urce, ma |de a MlOf su able
T o O an ea bR oS g BB SRS b BRI AR Bt o Bl B
process in thedgﬂ strean1gas consupption unit. In such manner, gas may be

10 flowed thro githez dufgrion ¢ eierics to thegrbust r SRelogsgionErcdnty POVES 2

devel oped that w | effect desorption of the sorbate gas fromthe sorbent
in the vessel . finveof suitableegasgag., mnyinerh greednotbehgasathefais ronedeleisriovistto diggen,
argon, krypton, xenon, helium etc.
process in the downstream gas-consumption unit. In such manner, gas may be
10 flowed through the vessel to cause a concentration gradient to be developed that
will effect desorption of the sorbate gas from the sorbent in the vessel. The

carrier gas may therefore be a gas such as nitrogen, argon, krypton, xenon,

helium, etc.

15 As shown in Figure 9, the supply vessel 433 is held in place in the gas
cabinet by strap fastners 446 and 448 of a conventional type. Other fasteners
could be used, such as neck rings, or other securement structures may be
employed, such as receiving depressions or cavities in the floor of the gas
cabinet, that matably receive the lower end of the vessel therein, guide members

20 or compartment structures that fixedly retain the vessel in a desired position in

the interior volume of the gas cabinet.

Although only one vessel 433 is shown in the gas cabinet in Figure 9,
such gas cabinet is shown as being constructed and arranged to retain one, two or

25 three vessels therein. In addition to the vessel 433, an optional second vessel 460
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15 As shown in Figure 9, the supply vessel 433 is held in place in the gas
cabi net by strap fastners 446 and 448 of a conventional type. O her

f ast ener VO 0u8dos4 be used, such as neck rings, or other seRPOT/@R&Et3922
structures may be enployed, such as receiving depressions or cavities in
the floor of the gas cabinet, that matably receive the | ower end of the
vessel therei nandandetiomiiiardvétel d62 emrgbamnie deshet lme trepresentatiat if Figadd y
retain the vessel in a desired position in the interior volune of the gas

cabi net. Al t hoygbe@glagsceivted @8thahe A3pedtive Shapvfasteheiub4gasl 4ebiforesptionali gur e
9, such gas cabinet is shown as being constructed and arranged to retain

one, two or . 28ckdaf @@O)‘é%ﬁ%&hﬁfa{s&ﬁéx%u% ah@4w@'(|)} iﬁ}%’ﬂ)ﬂapvésgﬁ 4‘69?.59| 433, an
optional second vessel” 460 45 WD 01/83084 PCT/US01/13922 and an opti onal

third vessel 462 are shown in dashed |line representation in Figure 9,
bei ng associated wth the respective strap fasteners 464 and 466 (for

optional. vessel 46 strap fasteners 468 and 470 (for optional, yessel
462). 59t will be gf)bvgﬁg’ﬁtap&’ﬂ%fﬂ fhak a%asc%?gfl}‘?&ogél?e ension, By e be
widely varied, to contain one or nore than one vessel therein. In such
manner, any nAHed, ©f copsin qugprymeesiian ong Hiesyed theseini nbysich marjengiy
unitary enclosure, thereby providing enhanced safety and process
reliability innuelbatiofrgascsupply wéssels aaudret redmatd hi gh sipgkes Buitazy conjosess ed
gas cylinders. 10 In such manner, a nultiplicity of sorbent-containing gas
supply vessel s theralyy beovidiay ietiBshced ahfegouid praes rdliabilivain eelstigat aanpbnent s

needed in the
conventional high pressure compressed gas cylinders.
10
In such manner, a multiplicity of sorbent-containing gas supply vessels
may be provided, for sourcing of the various gas components needed in the
downstream gas-consumption unit, or to provide multiple vessels each containing
the same gas. The gases in multiple vessels in the gas cabinet may thus be the
15 same as or different from one another, and the respective vessels may be
concurrently operated to extract gas therefrom for the downstream gas-
consumption unit, or the respective vessels may be operated by a cycle timer
program and automated valve/manifold operation means, to successively open
the vessels in turn to provide continuity of operation, or otherwise to
20 accommodate the process requirements of the downstream gas-consumption unit.
The display 472 may be programmatically arranged with associated
computer/microprocessor means to provide visual output indicative of the status
of process operation, the volume of the dispensed gas flowed downstream, the

remaining time or gas volume for the dispensing operation, etc. The display may

25 be arranged to provide output indicating the time or frequency of maintenance
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downst ream gas-consunption unit, or to provide nultiple vessels each
containing the sanme gas. The gases in nultiple vessels in the gas cabi net
may t hus weot/Bms45 sanme as or different from one anot her, PandSeiis922
respective vessels may be concurrently operated to extract gas therefrom
for the downstream gas- consunption unit, or the respective vessels may be
operated by a cyeite for rthe capinelyranamndthentsortattle dnfaimatdmeappfoptidteofpetlzt i on
nmeans, to successively open the vessels in turn to provide continuity of

operation, or @pbRtivhIgechadARiRETABNOLAEL @ad tudindt agefmbly.equi rements of the
downstream gas- consunption unit. The display 472 may be progranmmatically

arranged with associated conputer/ m croprocessor neans to provide visual
out put indicative of the status of process operation, the volune of the

di spensed gas fl owe Qﬁ@ &R 4 I t he
di spensi ng operatiogﬁge i%éﬁgygkégﬁgyﬁnayd?ggg%hggﬁgﬁ%ggﬁﬁ%g%bgﬁﬁég&%utput
i ndicating the ti or freque of nmai ntenance 46 01/ 83084
PCT/ USOB 13922 neesh Bt cbanssolt Wi xpisplian ths, 643 S010¢tn 3 foakaes 2Y57E APRPBTHAS i on
appropriate to the operation, use and mai ntenance of the gas cabi net
assenbl y. The @vels|igyminatjomn s ny sivght siateadigpiocessgoaditioaibpiums uselithdn the
signalling the 5 need for changeout of the vessels in the gas cabinet, a
| eakage event, oppptionaiscahd noywtmntepfithages cabinadr any event, state or
process condition that is useful in the operation, use and nai nt enance of
the gas cabinet. It will therefore be appreciated that the gas cabi net
assenbly of the 10 present invention nmay be widely varied in form and
function, to providetayill therefore be appreciated that the gas cabinet assembly of the

10 present invention may be widely varied in form and function, to provide a

flexible means for sourcing reagent gas(es) to a downstream gas-consumption

unit, such a process unit in a semiconductor manufacturing facility.

The present invention therefore has utility in the manufacture of

15 semiconductor materials and devices, and in other gas-consuming process

operations, where it provides a reliable “on demand” source of gas, e.g., hydride

gases, halide gases, and gaseous organometallic Group V compounds, including,

for example, silane, diborane, germane, ammonia, phosphine, arsine, stibine,

hydrogen sulfide, hydrogen selenide, hydrogen telluride, boron trifluoride,

20 tungsten hexafluoride, chlorine, hydrogen chloride, hydrogen bromide, hydrogen
iodide, and hydrogen fluoride.

By providing an economical and reliable source of such gases, in which

the gas is safely held at relatively low pressure in the adsorbed state on a sorbent

medium, and subsequently is easily dispensed to the point of use of the gas, the
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fl exi bl e neans for sourcing reagent gas(es) to a downstream gas-consunption
unit, such a process unit in a sem conductor manufacturing facility. The
present w@ensioeh therefore has utility in the manufact ur BCDUS0113922

sem conductor nmaterials and devices, and in other gas-consum ng process
operations, where it provides a rellable "on demand" source of gas,

hydride gases presant deerfipneayoidsitbhe fazasdiandogasairgdtingprabéenty @ﬁé?ﬁlﬁleé()‘f?ﬁbunds

i ncluding, for exanple, silane, diborane, germane, anmonia, phosphine,
arsine, stibi neheuéwrcogmtismhlﬂiig}epreksywgag@rylisﬁreni de, hydrogen telluride,
boron trifluoride, 20 tungsten hexafl uoride, chlorine, hydrogen chloride,
hydr ogen brom de, hydrogen iodide, and hydrogen fluoride. By providing an
econonm cal and reliable source of such gases, in which the gas is safely
held at relatively | ow pressure in the adsorbed state on a sorbent nedium
and subsequently is easily dispensed to the point of use of the gas, the

47 WD 01/ 83084 PCT/ US01/ 13922 present invention avoids the hazards and gas
handl i ng probl ens associated with the use of conventional high pressure
gas cylinders. 48 WD 01/83084 PCT/US01/13922 THE CLAI M5 What is clai ned
is: 5 1. A gas supply systemconprising a gas cabi net defining an

encl osure including therein a gas dispensing nmanifold and one or nore
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adsor bent - based gas storage and di spensing vessels nmounted in the enclosure
and joined in gas flow communication with the gas dispensing mani fold. 10
2. A gas waoppsipssystem according to claim1, further conppCBURG/13aRans for
mai nt ai ni ng the encl osure under subatnospheric pressure conditions. 3. A
gas supply system according to claim1, further conprising mneans for
connecting t he PAE GLARMSsi ng manifold to a gas-consunming unit. 15 4. A gas
supply system according to claim1, wherein the gas contained in the gas
storage and di spensing vessel (s) is at a pressure of from about 25 to
about 800 torr. 20 5. A gas supply system according to claim1, wherein the
encl osure contWhasis@hd §s:st orage and di spensing vessel. 6. A gas supply
system according to claim1, wherein the enclosure contains nore than one
gas storage and di spensing vessel. 25 49 WD 01/83084 PCT/ US01/ 13922 7. A
gas supply system according to claim11, wherein each adsorbent-based gas
st or age @and dlspenS|ng vegs

di spen5|5’;g vessel constructg‘% ) (Ptl}érslygtlrglgle%%#%’rﬁsﬁgrgr%ase%abl etSH?f[gxg%hase

physi cal sorbent nmedi um d for selectiv flow n into and out of
PR a vassel . a cagloritep ekl it o grbeboraE LA o8l SIF 81 HO5 of age
and

adsorbent-based gas storage and dispensing vessels mounted in the enclosure and

joined in gas flow communication with the gas dispensing manifold.

10 2. A gas supply system according to claim 1, further comprising

means for maintaining the enclosure under subatmospheric pressure conditions.

3. A gas supply system according to claim 1, further comprising

means for connecting the gas dispensing manifold to a gas-consuming unit.

15
4. A gas supply system according to claim 1, wherein the gas
contained in the gas storage and dispensing vessel(s) is at a pressure of from
about 25 to about 800 torr.
20 5. A gas supply system according to claim 1, wherein the enclosure
contains one gas storage and dispensing vessel.
6. A gas supply system according to claim 1, wherein the enclosure
contains more than one gas storage and dispensing vessel.
25
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di spensi ng vessel at an interior gas pressure; 10 a sorbate gas physically
adsorbed on sai d solid-phase physical sorbent nedium the gas dispensing
mani f ol d weonggosoupl ed in gas fl ow communi cati on 15 w t hP€hESelBPRge and
di spensi ng vessel, and constructed and arranged to provide, exteriorly of
said storage and di spensing vessel, a pressure below said interior
pressure, to effect ﬁesortﬁst geth sePPYospEEE geeordingniot Iedaisiol li, dwhergile ogblysi cal
sorbent nmedium and gas flow of desorbed gas through the di spensing
assenbly; 20 whelsedbantttrsed gis deppasel dibpensinglvessel ingh¢ emdokumneamspribey:oi d of
trace conponents selected fromthe group consisting of water, netals, and
oxidic transition netal species in a concentration which is sufficient to
deconpose the sorbate gas in said storage and di spensing vessel. 50 WD

01/ 83084 PCT/ USO1/ 130228 a%d%%l)e?ﬁilﬁ | JsSY ThRIMRERIOL L élgarfg]@d Tehfldfhe a

wherein the solid-phase “physical sorbent nedium containsess than 350

in the sol | |
Consi stipg of varamiaRiilos oroer BRENER R o BT oo ERTH S IRHE P

wei ght of the pt}ysj cal ?.or bent nmedium 5 9. A gas supply system according
to claim7, whe¥SPid ¥9%¢lsolid-phase physical sorbent nedi um contains |ess
than 100 parts-per-mllion by weight of trace conponents selected fromthe
group consisting of water and oxidic

a solid-phase physical sorbent medium disposed in said storage and
dispensing vessel at an interior gas pressure;
10
" a sorbate gas physically adsorbed on said solid-phase physical sorbent

medium,;

the gas dispensing manifold being coupled in gas flow communication

15 with the storage and dispensing vessel, and constructed and arranged to provide,
exteriorly of said storage and dispensing vessel, a pressure below said interior

pressure, to effect desorption of sorbate gas from the solid-phase physical sorbent

medium, and gas flow of desorbed gas through the dispensing assembly;

20 wherein the solid-phase physical sorbent medium is devoid of trace
components selected from the group consisting of water, metals, and oxidic
transition metal species in a concentration which is sufficient to decompose the

sorbate gas in said storage and dispensing vessel.
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transition nmetal species, based on the weight of the physical sorbent

medi um 10 10. A gas supply system according to claim7, wherein the

sol i d- phaw@ 01/gd096i cal sorbent nedi um contai ns no nore thaPRCL/US01/13922
part-per-mllion by weight of trace conponents selected fromthe group
consisting of water and oxidic transition netal species, based on the

wei ght of the physi c&l somemumbdmtﬁmq@ondlngw@@glaufplpﬂr@nébﬂs&%ﬁ@é@rdl ng
to claim?7, wherein the solid-phase physical sorbent nedium concentration
of trace comomysbahmrwﬁmdmmonMS lgssothpn oA giastsipegmolliondtyeweightl obxi di ¢
transition metal species, based on the weight of the physical sorbent
medium is ins ufa‘cem:@ﬂpoﬂeﬁtsdea@dmbsfmmm giloap Ssiing 26 wate dndotoxidie
sorbate gas after 1 year at 250C and said interior pressure. 12. A gas
supply system agofidhRethipetiad, Bhsbd oMtBE Relknt Bﬁhewﬁl@m s&r‘b@ﬂ%hédﬁxﬁ met al
species are sel ected fromtp group consi sting of oxides, sulfites and
nitrates; 51 WO 01/83084 PCT/US01/13922 13. A gas supply system according
to claim?7, wherein the sorbate gas is a hydride gas. 14. A gas supply
system according to ¢l ai 7 wher ei n t he sgilba 1 ele dgﬂ‘from
the group consisti n99C |g3§]§upp DEIARRCCOLHAG {0 HththSS‘ilﬁfﬁa e,
BC13, BF3, B2D6, tungsten hexafl uoride, (CH3) 3Sb hydr ogen. fl uori de,

hydr ogen chl or i RIgSicahenrbeykme Wd@ntaﬁiﬁdk%@ﬁnﬂpgrﬁaﬁép%éﬁ ligndy weigbhph,

trace components selected from the group conmsisting of water and oxidic

transition metal species, based on the weight of the physical sorbent medium.
10
10. A gas supply system according to claim 7, wherein the solid-phase
physical sorbent medium contains no more than llpart-per-million by weight of
trace components selected from the group consisting of water and oxidic
transition metal species, based on the weight of the physical sorbent medium.
15
11. A gas supply system according to claim 7, wherein the solid-phase
physical sorbent medium concentration of trace components selected from the
group consisting of water and oxidic transition metal species, based on the weight

of the physical sorbent medium, is insufficient to decompose more than 5% by

20 weight of the sorbate gas after 1 year at 25°C and said interior pressure.
12. A gas supply system according to claim 7, wherein the oxidic

transition metal species are selected from the group consisting of oxides, sulfites

and nitrates.
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sti bine, hydrogen sulfide, hydrogen sel enide, hydrogen telluride, and NF3.
10 15. A gas supply systemaccording to claim 7, wherein the sorbate gas

i s boronwopnf/Bwes i de. 16. A gas supply system conpri si ng BCHaESOICEI2net
defining an enclosure including therein a gas dispensing nmanifold and one
or nore 15 adsorbent-based gas storage and di spensing vessels nmounted in
the encl osure and joined in gas flow comruni cation with the gas di spensing
mani f ol d, each said adsorbent-based storage and di spensi ng vessel

conprising: a storags. and\ gisRepsi sHetereRBEIdinpaoTlditiCe, Gehebdial tir sostige gask or
hol ding a 20 solid-phase physical sorbent medium and for selectively
flow ng gas i ntiéjaﬁ{]‘djridé(';gas. of said vessel; a solid-phase physical sorbent
medi um di sposed 1 n”" sal d storage and dispensing vessel at an interior gas

pressure; 52 WO 01/ §3084 Ifg%rs/ sﬁ?ﬁ%/gk?t%ﬁagg?@%{ tcgsz}%lglag é@{yd?im?el do¥pRdgQy bed

on sai d solid-phase physic spensi ng ni fold

bei ng caupled i.n gas flow comuni catiaon. w th.the storage and di spensing

vessel , “and coh%lsglﬁﬁtpgog%dt?lﬁrgra%é’ﬂnﬁl 48y 8{,?{1@1’6, c@?@%’?q’ Oa}r§19e,01?dhcgs5§ S

storage and disgensiqg vessel, a pressure below said interior pressure, to

effect desor pt icBloriae, BElpBEa, Bakesuagstariexanonflep(A2)35hy idsegendbiopida

medi um and gas fl ow of desorbed gas through the dispensing assenbly; 10
hydrogen chloride, hydrogen iodide, hydrogen bromide, germane, ammonia,

stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, and NF3.

10 15. A gas supply system according to claim 7, wherein the sorbate gas

is boron trifluoride.

16. A gas supply system comprising a gas cabinet defining an

enclosure including therein a gas dispensing manifold and one or more

15 adsorbent-based gas storage and dispensing vessels mounted in the enclosure and
joined in gas flow communication with the gas dispensing manifold, each said

adsorbent-based storage and dispensing vessel comprising:
a storage and dispensing vessel constructed and arranged for holding a
20 solid-phase physical sorbent medium, and for selectively flowing gas into and out

of said vessel;

a solid-phase physical sorbent medium disposed in said storage and

dispensing vessel at an interior gas pressure;
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wherein the solid-phase physical sorbent medi um concentration of trace
conponents selected fromthe group consisting of water, netals, and oxidic
transiti ononeszmB4 speci es, based on the wei ght of the physPCRUSEIOBRENt
medium is insufficient to cause deconposition of the sorbate gas
resulting in nore than a 15 5%rise in interior pressure after 1 week at
25C in said storage and di spensing vessel. 17. A gas supply system
according to claim 16, wherein the solid- phase physical sorbent nedium
contai ns | ess than 3b6orpatet gsdysically idsorted o Gamdesodidtphate phptenl cortpanent s
sel ected fromthe group consisting of water and oxidic transition netal
speci es, based maliide wei ght of the physical sorbent nedium 53 WO
01/83084 PCT/US01/ 13922 18. A gas supply system according to claim 16,
wherein the solid phase physical sorbent mediumcontains | ess than 100
parts-per-mllion by weight of trace conponents selected fromthe group
consi stigpg of water Idi r § £ I _ .

wei ght ot the physi éﬁ?%%%%gég%%s?n%n%@??@nﬁé}&%_% 5‘%‘8@2‘%&%3"9‘10 g@@?@ﬁ#ﬁ%@%rdi ng
to claim 16, wherein the soljd- phase physical sorbent nediu ontaips no
mor6 than 3 partipe Sires g SyrERRRgiEsebran e ON T b FUBrORiAer r o
t he group consisting of water and 10 oxidic transition netal species, based
on the wei ght @p{tqrwélymfygap@gﬁoraggrq;@ntﬂlqu@@@gmsel, a pressure below said interior

pressure, to effect desorption of sorbate gas from the solid-phase physical sorbent
medium, and gas flow of desorbed gas through the dispensing assembly;
10
wherein the solid-phase physical sorbent medium concentration of trace
components selected from the group consisting of water, metals, and oxidic
transition metal species, based on the weight of the physical sorbent medium, is

insufficient to cause decomposition of the sorbate gas resulting in more than a

15 5% rise in interior pressure after 1 week at 250C in said storage and dispensing

vessel.

17. A gas supply system according to claim 16, wherein the solid-

phase physical sorbent medium contains less than 350 parts-per-million by

20 weight of trace components selected from the group consisting of water and
oxidic transition metal species, based on the weight of the physical sorbent

medium.
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20. A gas supply system according to claim 16, wherein the solid- phase
physi cal sorbent nedium concentration of trace conponents selected from 15
t he groupv@onsios+i ng of water and oxidic transition netal PEpESIIESI22based on
t he wei ght of the physical sorbent nmedium is insufficient to deconpose
nore than 5% by weil%ht of the sorbate gas after 1 year at 25C and said
interior pressure, il¥ sahdastsupplyesysismn agcopding iteglaimst®| wharginothe saligas
supply system according to claim 16, wherein the oxidic transition netal
speci es are selphateegphfsicah sdrbergrmegiunonentsing ngssothanx il Gk partspef-niléisn ynd
nitrates. 54 WD 01/83084 PCT/US01/13922 22. A gas supply system accordi ng
to claim 16, whedighthof Bacs esipbentyededtad Eohy did Qﬁugaé‘onsi%ﬁng Af gagters aRpl y
system according to claim 16, wherein the sorbate gas is selected from
the group consigdiBorAkiidh! B8 sgé&é&f, HaSed Bh Sth %eigﬁtoas%é“%h siGll| RFieRe
BC13, BF3, B2D6, tungsten hexafl uoride, (CH3)3Sb, Rydrogen f}(uorl de,
hydrogen\5 chl or inqeedim}ﬂydrogen i odi de, hydrogen brom de, gernmane, ammoni a,
sti bine,” hydrogeh sul fi de, hydrogen sel eni de, hydrogen telluride, and NF3.
10 24. A gas supply system according to claim 16, wherein the sorbate gas
is boron trifluoride. 25. A boron trifluoride gas supply system conpri sing
a gas cabinet defining an enclosure including therein a gas dispensing
mani f ol d and one or 1% or eA &8s GupRlt SYBigBE accgEding o clim dhdwhersiethsi sobid-
vessel s nounted in the

phase physical sorbent medium contains no more than 1 part-per-million by

weight of trace components selected from the group consisting of water and
10 oxidic transition metal species, based on the weight of the physical sorbent

medium.

20. A gas supply system according to claim 16, wherein the solid-
phase physical sorbent medium concentration of trace components selected from
15 the group consisting of water and oxidic transition metal species, based on the

weight of the physical sorbent medium, is insufficient to decompose more than

5% by weight of the sorbate gas after 1 year at 250C and said interior pressure, in

said storage and dispensing vessel.
20 21. A gas supply system according to claim 16, wherein the oxidic

transition metal species are selected from the group consisting of oxides, sulfites

and nitrates.

54



15 encl osure and joined in gas flow conmunication with the gas di spensing
mani fol d, each sai d adsorbent - based storage and di spensi ng vessel

conpri si myO 0E8PBHr age and di spensi ng vessel constructed andr/aseizansged for
hol ding a solid-phase physical sorbent nedium having a sorptive affinity
for boron 20 trifluoride, and for selectively flowi ng boron trifluoride
into and out of sai @2 veshehs sEHIY\eyHaNgBeTdingap/ ddon 16.39kacin the|spkhafthase
physi cal sorbent medi um having a sorptive affinity for boron trifluoride,
di sposed i n saigds staohyalyeleagasl di spensi ng vessel at an interior gas
pressure; 5 boron trifluoride gas, physically adsorbed on said solid-phase
physi cal sorbent nmedium and the gas dispensing nmanifold coupled in gas
fl ow cormunication with the storage and di spensing vessel, being

constructed and arranged A%ﬁg%@ﬁlgﬁysterﬁ%%ﬁﬁ{gi @7 d1¥inP 6 S@héleil @B ]?s,fgﬂ)a?é‘d

di spensi ng vessel, a press sald interior pressure, to effect

desorpUign f A28 ROAELLL HEH 8 S35, LASBIRDEr3fklcdaRlRng, pRINCbERpRGT Do

medi um "and ga ow of "desor ["uori gas through

di spensi ng mani f ol d. 26, s supply, system a rding, to claim7,
further conpri 1ng, %ﬁ&%@: ﬁf\ggﬁéa‘ﬂm@g‘rfff@%ﬁaﬂg&& %éﬁ-”)r?'élrga]i‘}(‘gﬂget“g{lh{oﬁ’éle’
storage and di spensing vessel for selective heating of the solid-phase
physi cal sor bertydroeshuchlotide, dfyfideagent todrden hlygdrogem Hanmede, desmans, | mmmohiaf he
sorbate gas fromthe solid-phase physical sorbent

stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, and NF3.

10 24, A gas supply system according to claim 16, wherein the sorbate
gas is boron trifluoride.

25. A boron trifluoride gas supply system comprising a gas cabinet
defining an enclosure including therein a gas dispensing manifold and one or
more adsorbent-based gas storage and dispensing vessels mounted in the

15 enclosure and joined in gas flow communication with the gas dispensing

manifold, each said adsorbent-based storage and dispensing vessel comprising:

a storage and dispensing vessel constructed and arranged for holding a
solid-phase physical sorbent medium having a sorptive affinity for boron
20 trifluoride, and for selectively flowing boron trifluoride into and out of said

vessel;

55



medium 20 27. A gas supply system according to claim?7, wherein the

sol i d- phase physical sorbent nediumconprises a naterial selected fromthe
group conve®et/zivgd of silica, carbon, nolecul ar sieves, alpaT/W&)1/13922
macroreticul ate polyners, kieselguhr, and alum nosilicates. 25 56 WO

01/ 83084 PCT/US01/ 13922 28. A gas supply system according to claim7,
wherei n the sol i d- pifaseidpase ddysisdr shent vpadium Bavipg & earpive raflRisy (fome

al um nosilicate conmposition. 29. A gas supply system according to claim 28,
wherein the 5 boromstriflubiide dadposédinsaidi stetage auhgismnsingrvebsed atanpotegios gz i n
the range of fromabout 4 to about 13 Angstrons. 30. A gas supply system
according to clpaéseu8, wherein the crystalline alumnosilicate conposition
conprises 5A nol ecul ar sieve. 10 31. A gas supply systemaccording to claim
28, wherein the crystalline alum nosilicate conposition conprises a

bi nderl ess nol ecul ar sieve. 32. A gas supply system according to claim?7,
wherein g he solid-p - i cal 1 t I I S.:pr. i i

st orage éand di spens&%g&/égt}%@%\?\j éa%’ gﬁ}%%%g 'asd(g)§ g%'?} nnéaatlcgrslgg(?'%%s\?%%@ggl

sorptive affi nit% for cont anénants of said sorbate gas therein.
sorbent medium; an

the gas dispensing manifold coupled in gas flow communication with the

storage and dispensing vessel, being constructed and arranged to provide,

10 exteriorly of said storage and dispensing vessel, a pressure below said interior
pressure, to effect desorption of boron trifluoride gas from the solid-phase

physical sorbent medium, and gas flow of desorbed boron trifluoride gas through

the gas dispensing manifold.

15 26. A gas supply system according to claim 7, further comprising a
heater operatively arranged in relation to the storage and dispensing vessel for
selective heating of the solid-phase physical sorbent medium, to effect thermally-

enhanced desorption of the sorbate gas from the solid-phase physical sorbent

medium.
20
27. A gas supply system according to claim 7, wherein the solid-phase
physical sorbent medium comprises a material selected from the group consisting
of silica, carbon, molecular sieves, alumina, macroreticulate polymers,
kieselguhr, and aluminosilicates.
25
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33. A gas supply systemaccording to claim 32, wherein the chem sorbent
material has a sorptive affinity for non-inert atnospheric gases. 20 34. A
gas supplwoeysieim according to claim32, wherein the cherCBPUSIEID22Mat eri al
conprises a scavenger selected fromthe group consisting of: 57 WD

01/ 83084 PCT/ USO1/ 13922 (A) a scavenger including a suppaort havin

associ at ed t her ewi t 8. butA ges supblyAlysiet) aecerginsde Cﬂ%@r%t‘fdl,er%lné}@rﬁﬁ@dﬂ’g‘a%i ch

in the presence of said contam nant provides an anion which is reactive to
ef fect the remphpdicalfsodbanimediomt compriaes 3 cryafatline@hpoinnsilibat ngmpedizet.ed from
one or nore nenbers of the 5 group consisting of (i) carbanion source
conpounds whose correspondi ng protonated carbani on conpounds have a pKa
val ue of from about 22 to about 36; and 10 (ii) anion source conpounds

formed by reaction ok saig SR _lgalgk;l?nsysggly_rg&og&ﬂg)%nq%ﬁyi t2I3, t\bgeréigr@@ete
gas; and (B) a scavenger conprising: 15 (i) an inert support having a

(
aram et ner e o Ae AR cpE CoRiion tap 2 pfRGNls 1p PR ARRETRREE D, 2T
scavengi ng speci ezlpoﬁtr]gs% on the support at a concentration of 20 from

about 0.01 to &48 SHOMSer |iter of support, and formed by the

30. A gas supply system according to claim 28, wherein the
crystalline aluminosilicate composition comprises 5A molecular sieve.
10
31. A gas supply system according to claim 28, wherein the

crystalline aluminosilicate composition comprises a binderless molecular sieve.

32. A gas supply system according to clalim 7, wherein the solid-phase
15 physical sorbent medium is present in said storage and dispensing vessel with a
chemisorbent material having a sorptive affinity for contaminants of said sorbate
gas therein.
33. A gas supply system according to claim 32, wherein the
chemisorbent material has a sorptive affinity for non-inert atmospheric gases.
20
34, A gas supply system according to claim 32, wherein the
chemisorbent material comprises a scavenger selected from the group consisting

of:
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deposition on the support of a Goup | A netal selected from sodi um
potassium rubidium and cesiumand their m xtures and all oys and

pyrol ysi wohes®ed on said support. 58 WO 01/83084 PCT/ USBAT/US@2392235. A
gas supply systemaccording to claim32, wherein the chem sorbent material
is selected fromthe group consisting of pot assi um arseni de and

trityllithium 5 36.(Aha scevengapinehiditg osupppstevingospeiited tprewithe dyénot
source for reagent source nmaterial and an ion inplantation apparatus

coupl ed in gas covaléntlyc osonded Cetleicts] Wi tbmpautl reltigenin stheir pesengadofwaidcei n
the reagent source conprises: 10 a gas cabinet defining an encl osure

i ncludi ng ther ebftaghif@s HbAA&NS BRioABIRiERig rea%ﬂde N effeét thRremoval of said
adsorbent - based gas storage and di spensing vessels nounted in the

enciosure and IBhAffinddl S5 HmBYEOBIHE GRS : Woneto?%na@%ngmamltﬁw

mani f ol d, each ‘sai rage ana di spensi ng vess

conprising: 15 a storage apd dispensing vessel constructed and arranged
for holdl ng a 3ggﬂ1ﬁnﬁﬁg§%° hysi cal sorbent medium and for selectively
flowng gas into and out of said vessel; 20 a solid-phase physical sorbent
medi um di sposed in said storage and dispensing vessel at an interior gas
pressure; a sorbate gas physically adsorbed on said solid-phase physical
sor bent (i) carbanion source compounds whose corresponding protonated

carbanion compounds have a pKy value of from about 22 to about 36; and

10 (ii) anion source compounds formed by reaction of said carbanion

source compounds with the sorbate gas; and
(B) a scavenger comprising:

15 (i) an inert support having a surface area in the range of from about 50 to about
1000 square meters per gram, and thermally stable up to at least about 250° C,;

and

(ii) an active scavenging species, present on the support at a concentration of
20 from about 0.01 to about 1.0 moles per liter of support, and formed by the
deposition on the supi)ort of a Group IA metal selected from sodium, potassium,
rubidium, and cesium and their mixtures and alloys and pyrolysis thereof on said

support.
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medi um and 59 WO 01/83084 PCT/ US01/ 13922 the gas dispensing manifold
being at least a part of flowcircuitry interconnecting the storage and

di spensi WO vE8®ed and said ion inplantation apparatus i nPORESIIGHR2
conmmuni cation with one another, said flow circuitry being constructed and
arranged to provide, exteriorly of said storage and di spensing 5 vessel, a
pressure bel ow sai d 35nt erA ogasprsesyr eystano afcbating des otaphi 838, ofheseinbétee gas
fromthe solid-phase physical sorbent medium and gas flow of desorbed gas
through the fl Qhedisofi¢nt MmifatbBalt be stlested npdrantiat fsupapedsisdingsof \woelssium t he
sol i d- phase physical sorbent nediumis devoid of trace 10 conponents

sel ected from tRe oWl 16QNRhSI. N of water, netals and oxidic transition
nmetal species in a sufficient concentration to deconpose the sorbate gas
in said storage and di spensing vessel. 37. A process for supplying a gas
reagent, conprising: 15 providing a storage and di spensi ng vessel

contai ning a solid-phase hysi.ca rbent  nedi um havi ng a ysi cal |

sorpt i vélaf finity f ‘sai‘%‘Pdé’% 1mplantalion. SYsEpit, (RIS, asB"raﬁEri“vﬁqugycq (ﬁrdi ng
on sai d solid-phase physical sorbent A nediuma sorbate gas, tQ yield a

sor bat e gas- | odBREENHAIEFE Hlatesish B an iRy imRlantaien #ppatus reuRled in gas QW

di spensing vessel in a gas cabinet defining an enclosure including therein
a gas di spensi rgmmamii¢atiod; with said reagent source, and wherein the reagent source

comprises:

10 a gas cabinet defining an enclosure including therein a gas dispensing manifold
and one or more adsorbent-based gas storage and dispensing vessels mounted in
the enclosure and joined in gas flow communication with the gas dispensing

manifold, each said adsorbent-based storage and dispensing vessel comprising:

15
a storage and dispensing vessel constructed and arranged for holding a
~ solid-phase physical sorbent medium, and for selectively flowing gas into and out
of said vessel,
20 a solid-phase physical sorbent medium disposed in said storage and

dispensing vessel at an interior gas pressure;

a sorbate gas physically adsorbed on said solid-phase physical sorbent

medium; and
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25 60 WD 01/83084 PCT/US01/13922 coupling the gas storage and di spensing
vessel in gas flow comrunication with the gas di spensing manifold;

sel ecti veavg odsxwes bi ng sorbate gas fromthe sorbate gas-| oerdedis@lingsizcal 5
sorbent nedium by reduced pressure desorption, for flow of desorbed
sorbate gas into the gas dispensing manifold and di spensing thereof;
wherein the solid- phis eaphdispensing smamidold g wam lesst devitd o6 fflaw adwsuitry
conponents selected fromthe group consisting of water, netals and oxidic
10 transition nekeRbnsdEalelei slordgs Whlli diknbing oveeedlt 4R k4d oo dedanmmose t he
sorbate gas in said storage and di spensing vessel. 38. A process accordi ng

to claim 37, gg hﬁstnfﬂgasSﬂbwoﬁmﬁﬁcaﬁBwlﬁ%ne SHOEHRE Nai BN CiRcG@P RIS | ess

t han 350 parts- i"on by vvel ght of trace 15 conponents sel écted from

the group consi ?)ﬁ%t te ar%gﬁ% 83‘%{)&1&1&# %bpg\aldrg%r ﬁlpfﬁis sed

on the weight o € physi ca roce acco to
claim 37, wherein he sol i ase SI cal sorbept di u ) I ess
than 100 parts Vﬁ%sre i BEPISHEP ‘\‘ﬂé?ls H‘Pr RIFSRUES t‘?@ﬁ?ﬁf% ?r’sogsé)lraléarte? ¥ from
t he group consi sti Rge of water and oxidic transition netal speC| based

on the weight dfont e seldsphase riwpiselntorbedimedivmo and gas dloss of dewash %11 B to

claim 37, wherein the solid-phase physical sorbent nmedium contains no nore
than 1 part - perthuoiigh therfldy cingiigirto the ier meydantation apparatus;

wherein the solid-phase physical sorbent medium is devoid of trace
10 components selected from the group consisting of water, metals and oxidic
transition metal species in a sufficient concentration to decompose the sorbate

gas in said storage and dispensing vessel.

37. A process for supplying a gas reagent, comprising:

15
providing a storage and dispensing vessel containing a solid-phase
physical sorbent medium having a physically sorptive affinity for said gas
reagent;
20 physically sorptively loading on said solid-phase physical sorbent
medium a sorbate gas, to yield a sorbate gas-loaded physical sorbent medium;
mounting the storage and dispensing vessel in a gas cabinet defining an
enclosure including therein a gas dispensing manifold;
25
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WD 01/ 83084 PCT/ US01/ 13922 conponents selected fromthe group consisting
of water and oxidic transition netal species, based on the weight of the
physi cal ve@pbe3s4 medi um 41. A process according to clai nPGU/USHISPRI n t he
sol i d- phase physical 5 sorbent nedium concentration of trace conponents
selected fromthe group . consisting of water and oxidic transition netal
speci es, based on t feupligyhtheof gashestorpes spredh| dispensing  veseelurp iges flow
insufficient to deconpose nore than 5% by weight of the sorbate gas after
1 year at 250C canomsuaéationwidr theigapdiepewing mamfoddi d. 10 42. A process
according to claim 37, wherein the oxidic transition netal species are
sel ected fromthe group consisting of oxides, sulfites and nitrates. 43. A
process according to claim 37, wherein the sorbate gas is a 15 hydride

gas. 44. A process agrefiiipdei@bhig@idibald :galifiifithe kh®aROFRAbSIABShyskal
selected fromthe group consisting of silane, diborane, arsine, phosphine,

chioring BCL3oofifers niddiln, 4y g&%ﬁ%ﬁ%@é&?& AR iSh, (CHI P eI AR

fluoride, 20 hydrogen ¢ ogen i odi ’hydrogen brom ger mane,
ammoni a, stibine, hydrogen sul.fide,. hydrogen sel epni de,. hydrogen telluride,
and NF3. 45. A%&FHE%?? @géﬁpﬂ?%ﬁg{nﬁh’é&éiaﬂﬁg*f?e% ¥°Ehe” sorbate gas is
boron trifluoride. 62 WO 01/83084 PCT/USO01/13922 46. A process for
suppl ying a gas reagent, conpri sing:
wherein the solid-phase physical sorbent medium is devoid of trace
components selected from the group consisting of water, metals and oxidic

10 transition metal species in a sufficient concentration to decompose the sorbate

gas in said storage and dispensing vessel.

38. A process according to claim 37, wherein the solid-phase physical
sorbent medium contains less than 350 parts-per-million by weight of trace
15 components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the physical sorbent medium.

39. A process according to claim 37, wherein the solid-phase physical
sorbent medium contains less than 100 parts-per-million by weight of trace
20 components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the physical sorbent medium.

40. A process according to claim 37, wherein the solid-phase physical

sorbent medium contains no more than 1 part-per-million by weight of trace
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provi ding a storage and di spensing vessel containing a solid-phase 5

physi cal sorbent nedi um having a physically sorptive affinity for said gas
reagent ; woysswsd |y sorptively | oading on said solid-phaseCpugeiisat2 sor bent
nmedi um a sorbate gas, to yield a sorbate gas-|oaded physical sorbent

medi umy 10 nounting the storage and di spensing vessel in a gas cabinet
defining an erfompouerss isplerigd i fiym tthe geaup @P@@gﬂﬁlofpéﬁgli QBRI Gpagition
coupling the gas storage and di spensi ng vessel in gas flow 15

communi cat i on vn¢thl dpeeiesdasali aptha sienght ofithiefphysicalantbestmedininvel y desor bi ng
sorbate gas fromthe sorbate gas-loaded physical sorbent nedium by
reduced pressure desorption, for flow of desorbed sorbate gas into the gas
di spensi ng mani fold and di spensi ng thereof; 20 wherein the solid-phase

physi cal sorbent medjum CR?)?&@H @Jcbfﬁ"nﬂ‘o ct1£1ﬁlc§7 Mﬁm&ldsﬁﬂag&%}%%mfaf om

the group consisting of water, netals,” and oxi dic transition
speC|es based 3 h p

i nsuffi CI ent to %})ae}[}ggn%ﬁ; i 5051§|I:r%tw%n &yfrhe scorg&?egl%gggér%gu nﬂﬁ%ﬂ%%mrl]% re
than a 63 WD 01/83084 CT/USOl/l S(Vr e ininterior pres

1 week at 25C i9EHRE Qg ab@%‘a&a%%%ﬁ g1l Sssies basg onﬂlepws@ts he

according to claim46, wherein the solid- phase physi cal
physical sorbent medium, is insufficient to decompose more than 5% by weight

after

of the sorbate gas after 1 year at 250C and said interior pressure, in said.

10 42. A process according to claim 37, wherein the oxidic transition
metal species are selected from the group consisting of oxides, sulfites and

nitrates.

43, A process according to claim 37, wherein the sorbate gas is a

15 hydride gas.

44, A process according to claim 37, wherein the sorbate gas is
selected from the group consisting of silane, diborane, arsine, phosphine,
chlorine, BCI3, BF3, B2Dg, tungsten hexafluoride, (CH3)3Sb, hydrogen fluoride,

20 hydrogen chloride, hydrogen iodide, hydrogen bromide, germane, ammonia,

stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, and NF3.

45. A process according to claim 37, wherein the sorbate gas is boron

trifluoride.

62



5 sorbent nedium contains |ess than 350 parts-per-mllion by weight of
trace conponents selected fromthe group consisting of water and oxidic
transiti ovO o084 speci es, based on the wei ght of the phyBCTEBIIEBI2ENt
medi um 48. A process according to claim46, wherein the solid-phase
physi cal 10 sorbent nedium contains |l ess than 100 parts-per-mllion by
wei ght of trace conponents selected fromthe group consisting of water and
oxidic transition netal species, based on the weight of the physical
sorbent nmedi um 49. 4%.pr cAesscescioosutiphgng o ged @hgentGonvydrsing: n t he

sol i d- phase physical 15 sorbent medi um contains no nore than 1
part-per-mllion by weight of trace conponents selected fromthe group
consisting of water and oxidic transition netal species, based on the

wei ght of the physi &g’bviﬁﬁ‘{g%ngto%‘éi uldl endin® " REET ScAHEARTG §9sd1fd-fHa8d M 46,

wherein the solid-phase physical =~ 20 sorbent dium concentration of trace

ransi cion mot o ga el Felh oy 8 RaBaLP solfEE o PRk Saft, any

medium is insufficient to deconpose nore than 5% by weight of the sorbate
gas after 1 yedf2&825C and said interior pressure, in said storage and

di spensi ng vessel. 64 WD 01/83084 PCT/US01/13922 51. A process according
to claim46, wherein the oxidic transition netal species are selected from
t he group consisting of oxides, sulfites and nitrates. 5 52. A process
accordi ng to cl ai m 4thysichidy esamptivedy sloadiag eomasaid ssadid-phase physical sorbent

medium a sorbate gas, to yield a sorbate gas-loaded physical sorbent medium;

10
mounting the storage and dispensing vessel in a gas cabinet defining an
enclosure including therein a gas dispensing manifold;
coupling the gas storage and dispensing vessel in gas flow
15 communication with the gas dispensing manifold; and
selectively desorbing sorbate gas from the sorbate gas-loaded physical
sorbent medium, by reduced pressure desorption, for flow of desorbed sorbate
gas into the gas dispensing manifold and dispensing thereof;
20

wherein the solid-phase physical sorbent medium concentration of trace
components selected from the group consisting of water, metals, and oxidic
transition metal species, based on the weight of the physical sorbent medium, is

insufficient to cause decomposition of the sorbate gas resulting in more than a
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hydri de gas. 53. A process according to claima46, wherein the sorbate gas
is selected fromthe group consisting of silane, diborane, arsine,
phosphi nayo o1/8808t1 ori ne, BCl3, BF3, B2D6, tungsten hexaf | BOT/U&/13022H3) 3Sh,
hydrogen fluoride, hydrogen chloride, hydrogen iodide, hydrogen brom de,
germane, anmmoni a, stibine, hydrogen sul fide, hydrogen sel enide, hydrogen
tel luride, and 2§83risbih inferjar pesssimeafieot aicnk at 25T &i said Storageandidispeheng
sorbate gas is boron 15 trifluoride. 55. An adsorption-desorption process
for storage andgdiegpensi ng of boron trifluoride, said process conprising:
20 providing a storage and di spensing vessel containing a solid-phase
physi cal sorbent nmedi um having a physically sorptive affinity for boron
trifluoride; 65 WO 01/83084 PCT/US01/13922 physically sorptively |oading

boron trifluoride on.said,solid-phas i.cal - sqgrbent, nedi.u t iteld a
boron trifluoride-| o4 ded ‘%r%r/%cieésa?cc%ﬁ%&gglal J}ﬁ’ﬁﬁ%ﬂgn U (glldr"%ﬂ aﬁlgh})s/sfc%! age
and di spensing vessel in a gas .cabinet defining an .enclosure jncluding
therein A gas dEF8hdy urﬁ'a%m%ﬁl%,esé(}h?ﬂ gﬁ-é Rqﬁg'@é'émgi%‘r YeVes 8% 83Ehsi ng
vessel in gas flow communication with the gas dispensing manjfold; and 10
components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the physical sorbent medium.

48. A process according to claim 46, wherein the solid-phase physical
10 sorbent medium contains less than 100 parts-per-million by weight of trace
components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the physical sorbent medium.

49, A process according to claim 46, wherein the solid-phase physical
15 sorbent medium contains no more than 1 part-per-million by weight of trace
components selected from the group consisting of water and oxidic transition

metal species, based on the weight of the physical sorbent medium.

50. A process according to claim 46, wherein the solid-phase physical
20 sorbent medium concentration of trace components selected from the group
consisting of water and oxidic transition metal species, based on the weight of the

physical sorbent medium, is insufficient to decompose more than 5% by weight

of the sorbate gas after 1 year at 25°C and said interior pressure, in said storage

and dispensing vessel.
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sel ectively desorbing boron trifluoride fromthe boron trifluoride-I|oaded
physi cal sorbent nmedium by reduced pressure desorption, for flow of
desorbed whor/gas4 ri fl uori de gas into the gas di spensi ng ne@TAUS01dL3922d

di spensing thereof. 15 56. A process according to claim37, further
conprising selectively heating the solid-phase physical sorbent nedium to
effect thermally-enhanced desorption of the sorbate gas fromthe

sol i d- phase physical sorbent nmedium 57. A process according to claim 37,
wherein the solid-philse pAysbcab ace@rdigr toeclhinmeld, whectinphé ssilia trangiten al
selected fromthe group consisting of silica, carbon nolecular sieves,

al um na, nacrorgéalyp&dices pel wietal flohesied gitup, canisbap, of afides, sulfites and
alum nosilicates. 58. A process according to claim37, wherein the

sol i d-phase phygig@s. 25 sorbent nedi um conprises a crystalline

al um nosilicate conposition. 66 WD 01/83084 PCT/ US01/ 13922 59. A process

accordi to claim wher ej tal L4 al_um Pl osition
has porggsi ze in thggzr'ang‘g %PQ?S%%%C%%%%4'%1%1{385180[%&%@3[ ‘J‘Flgsglf%%ger’rga%ng %0. A
process according t.o claim37, wherein the crystalline alumnosilicate
conposi tion conlﬁgiir A nol ecul ar sieve. 61. A process according to claim
57, wherein the crystalline 10 alum nosilicate conposition conprises a

bi nderl ess nol ecul ar sieve. 62. A process according to claim 37, wherein

t he solid-phase physical

53. A process according to claim 46, wherein the sorbate gas is

selected from the group consisting of silane, diborane, arsine, phosphine,
10 chlorine, BCI3, BF3, B2Dg, tungsten hexafluoride, (CH3)3Sb, hydrogen fluoride,
hydrogen chloride, hydrogen iodide, hydrogen bromide, germane, ammonia,

stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride, and NF3.

54. A process according to claim 46, wherein the sorbate gas is boron

15 trifluoride.

55. An adsorption-desorption process for storage and dispensing of boron

trifluoride, said process comprising:
20 providing a storage and dispensing vessel containing a solid-phase

physical sorbent medium having a physically sorptive affinity for boron

trifluoride;
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sorbent nediumis present in said storage and di spensing vessel with a
chem sorbent material having a sorptive affinity for contam nants of said
sorbate WOOYsHss herein. 63. A process according to clai nPGVUSWIBPEI n t he
sorbate gas conprises an inpurity conponent, and the solid-phase physical
sorbent nedium is provided in the storage and di spensi ng vessel together
with an inpurity 20physiselingerptively rleadival barent ifluosidar prysaidngdidephase r om
the sorbate gas. 64. A process according to claim62, wherein the

chem sorbent nmpltysicalaborbast mediomptto weeld faf boﬂonytriﬁlmoridmtoaﬂerétphysitamwmti c
gases. 67 WD 01/83084 PCT/US01/ 13922 65. A process according to claim®62,
wherein the chembggmbent material conprises a scavenger selected fromthe
group consisting of: (A) a scavenger including a support having associ at ed
therewith, but not 5 covalently bonded thereto, a compound which in the
presence of sai d cont am' nant provi des an anion which is reactive to effect

the remyal of said ma?% & he ﬁg r%%e.se%{dd dx%&e@@%’\%&?'ﬂ % ag |c§§ﬁ1§ dgffn%n glpe Ors

nore nenbers of the

whose correspondi roto ated .car ba ion co have a pKa vaI ue of
from about 22 t%mg’glﬁ’%tm@»lﬁ n&ﬁlEFr?llnla)gaéHfSBﬁn ?‘ga’rrpounds formed by
reaction of said carbanion source conpounds vmth the sorbate gas; and 15

coupling the gas storage and dispensing vessel in gas flow
communication with the gas dispensing manifold; and
10
selectively desorbing boron trifluoride from the boron trifluoride-loaded
physical sorbent medium, by reduced pressure desorption, for flow of desorbed

boron trifluoride gas into the gas dispensing manifold and dispensing thereof.

15 56. A process according to claim 37, further comprising selectively
heating the solid-phase physical sorbent medium, to effect thermally-enhanced

desorption of the sorbate gas from the solid-phase physical sorbent medium.

57. A process according to claim 37, wherein the solid-phase physical
20 sorbent medium comprises a material selected from the group consisting of silica,
carbon molecular sieves, alumina, macroreticulate polymers, kieselguhr, carbon,

and aluminosilicates.

58. A process according to claim 37, wherein the solid-phase physical

25 sorbent medium comprises a crystalline aluminosilicate composition.
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(B) a scavenger conprising: (i) an inert support having a surface area in
the range of from about 50 to about 1000 square neters per gram and

t her mal | yWQOHEd084 up to at | east about 250 20 C, and (ii)PEnUSe/i392
scavengi ng species, present on the support at a concentration of from
about 0.01 to about 1.0 noles per liter of support, and formed by the
deposition on the support of a Goup IA netal selected from 68 WO 01/83084
PCT/ US01/ 13922 sodium potassium rubidium and cesiumand their m xtures
and alloys and pyrad%si sAt pescessf asoordaigd tsuplaont 37,66vhefeipr dee Ssysialtioe di ng
to claim62, wherein the chemsorbent 5 material is selected fromthe
group consi sti ngufnosilicas tokPositios Masl BoRNize inrthé YdrdgetdTifiih abdut Ard@ousupp! y
system conprising a gas cabinet defining an enclosure including therein a
gas di spensing @Rﬁ%ﬁﬂoﬂls@”d one or nore 10 adsorbent-based gas storage and
di spensi ng vessels unted in the enclosure and joined in gas flow

comruni cgti on with the gas dispensing manifold, with a cryopunp coupled to
sai d gas  di spensing manifold for pressurizing desorbed gas w thdrawn from

t he adsorbent-based gas storage and dispensing, vegsel s and discharging the
resultingly pressuri @ed gés Pr%ﬁs%éccﬂdb{éoé%sgﬂ%%r gzuﬁ’b}lleﬁlﬁg the prstiitgent
conpri si ng: - g . .
aluminosilicate composition comprises 5A molecular sieve.
61. A process according to claim 57, wherein the crystalline
10 aluminosilicate composition comprises a binderless molecular sieve.
62. A process according to claim 37, wherein the solid-phase physical
sorbent medium is present in said storage and dispensing vessel with a
chemisorbent material having a sorptive affinity for contaminants of said sorbate
15 gas therein.
63. A process according to claim 37, wherein the sorbate gas
comprises an impurity component, and the solid-phase physical sorbent medium
is provided in the storage and dispensing vessel together with an impurity
20 scavenger for removal of the impurity component from the sorbate gas.

64. A process according to claim 62, wherein the chemisorbent

material has a sorptive affinity for non-inert atmospheric gases.
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provi ding a storage and di spensing vessel containing a solid-phase

physi cal sorbent nedi um having a physically sorptive affinity for said gas
20 reagemwoQopsspsd cal |y sorptively | oading on said solid-pha@b@splinsizal
sorbent medium a sorbate gas, to yield a sorbate gas-|oaded physica
sorbent nedium 69 WO 01/ 83084 PCT/US01/13922 nounting the storage and

di spensi ng vessel irbSa gas pmbessescedefingitngelaim esit;| wherem ithe | chdinmsgritenér ei n
a gas dispensing manifold; coupling the gas storage and di spensi ng vessel
in gas flow 5 pashMtospiiseda watzéhdgar S ycoglifipin tﬁ@gﬂbhb@nsﬁﬁﬁqgwfyopurrp in gas
fl ow communi cation with the gas I spensing mani fold; 10 selectively
desorbi ng sorbate gas fromthe sorbate gas-loaded physical sorbent nedi um
by pressure-differential nediated desorption, for flow of desorbed sorbate
gas to the cryopunp;,,an I i f Bt and
di spensi ng vessel téAQ 9i%n%ﬁ%%g@%@%P%g§u€§%§é§&%§%%ﬁgg%@ﬁhégﬁgﬁgﬂﬁq%?
predeterm ned pressure is higher than ressure, of the,desorbed s flowed
out of tgfre st oroqyale tﬁpﬂ %qnéiﬁ@n eﬁeéo,vésggﬁm_po%@] ‘ﬁhlﬁgs% UBpI PSSR sal
conprising a gas cahinet defining an enclosure including therein a gas

di spensi ng nani®sianipad rsaedey angpion which ds seastine 1o skfeet BgIeReBilafesathd

di spensi ng vessels nounted in the enclosure and joined in gas flow

communi cat i on wonfantihentgseid dospewsd heingweietiotl dions empror gheng members of the

group consisting of:

10 (i) carbanion source compounds whose corresponding protonated

carbanion compounds have a pKj value of from about 22 to about 36; and

(i1) anion source compounds formed by reaction of said carbanion

source compounds with the sorbate gas; and

15
(B) ascavenger comprising:
(i) an inert support having a surface area in the range of from about 50 to
about 1000 square meters per gram, and thermally stable up to at least about 250°
20 C; and

(ii) an active scavenging species, present on the support at a
concentration of from about 0.01 to about 1.0 moles per liter of support, and

formed by the deposition on the support of a Group IA metal selected from
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a thermal nmonitoring and control assenbly for maintaining predeterm ned
tenperature characteristics of the gas supply system 70 WO 01/83084
PCT/ USO1MG9223080. A gas supply system accordi ng to cl ai nP€ppUSéumpizer
conprising: a heater elenent for selective augnentive heating of the
vessel s and sorbent therein; a sprinkler systemarranged for operation for
fire control imoditm,Rasissiam, rubidiemhand cesivat ane thedr nivurasoad éﬁ@)ﬁ"gan

t enperature of gas exhausted fromthe 5 cabinet; a toxic gas nonitor for
shut - down of t Ipgralyss trrasdfien stidsuppayts i s sensed; a scrubber for bulk
sorption of gas |eakage in the cabinet; and redundant pressure and
tenperature control neans. 71. A sem conductor manufacturing facility,
conprising: 10 a gas supply system conprising a gas cabinet defining an

encl osure i ncl udi ng gt hergi f80gas cHt LRS! é’lgnr{m@ f@h&eﬁ”@hé’%ﬁexﬁfsofﬂ%ﬁ@

adsor bent - based gas storage and di spensi ng vessel's nounted in

encl osure and joi.ne onmuni cat i.Q h t he s di n

mani fol ¢t and TRk ORIl BT (B P G sk o ot érfsr%f%ee o
use of gas fron1s$pg ngas supply system and interconnected with the gas
supply system BYEHSW ci rcuitry including said gas di spensing nanifold for
flow of gas fromthe gas supply systemto the sem conductor manufacturing
process unit. 20

67. A gas supply system comprising a gas cabinet defining an

enclosure including therein a gas dispensing manifold and one or more

10 adsorbent-based gas storage and dispensing vessels mounted in the enclosure and
joined in gas flow communication with the gas dispensing manifold, with a
cryopump coupled to said gas dispensing manifold for pressurizing desorbed gas
withdrawn from the adsorbent-based gas storage and dispensing vessels and

discharging the resultingly pressurized gas.

15
68. A process for supplying a gas reagent, comprising:
providing a storage and dispensing vessel containing a solid-phase
physical sorbent medium having a physically sorptive affinity for said gas
20 reagent;

physically sorptively loading on said solid-phase physical sorbent

medium a sorbate gas, to yield a sorbate gas-loaded physical sorbent medium;
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72. A sem conductor manufacturing facility according to claim71, wherein
the sem conduct or manufacturing process unit conprises a process unit

sel ect ed WO Ons3oBe group consi sting of. chem cal vapor deppP€TAS@r3pRact ors;
ion inplanters; photolithography tracks; etch chanbers; diffusion

chanbers; and 25 plasma generators. 71 ) ) . .
mounting the storage and dispensing vessel in a gas cabinet defining an

enclosure including therein a gas dispensing manifold;

coupling the gas storage and dispensing vessel in gas flow

5 communication with a cryopump;

coupling the cryopump in gas flow communication with the gas

dispensing manifold;

10 selectively desorbing sorbate gas from the sorbate gas-loaded physical
sorbent medium, by pressure-differential mediated desorption, for flow of

desorbed sorbate gas to the cryopump; and

cryopumping the desorbed gas from the storage and dispensing vessel to a
15 predetermined pressure, wherein said predetermined pressure is higher than

pressure of the desorbed gas flowed out of the storage and dispensing vessel.

69. A gas supply system comprising a gas cabinet defining an

enclosure including therein a gas dispensing manifold and one or more

20 adsorbent-based gas storage and dispensing vessels mounted in the enclosure and
joined in gas flow communication with the gas dispensing manifold, comprising

a thermal monitoring and control assembly for maintaining predetermined

temperature characteristics of the gas supply system.

70



WO 01/83084 PCT/US01/13922

10

15

20

25

70. A gas supply system according to claim 69, further comprising: a
heater element for selective augmentive heating of the vessels and sorbent
therein; a sprinkler system arranged for operation for fire control in the cabinet;
an exhaust heat sensor for monitoring temperature of gas exhausted from the
cabinet; a toxic gas monitor for shut-down of the system when toxic gas is
sensed; a scrubber for bulk sorption of gas leakage in the cabinet; and redundant

pressure and temperature control means.

71. A semiconductor manufacturing facility, comprising:

a gas supply system comprising a gas cabinet defining an enclosure including
therein a gas dispensing manifold and one or more adsorbent-based gas storage
and dispensing vessels mounted in the enclosure and joined in gas flow

communication with the gas dispensing manifold; and

a semiconductor manufacturing process unit arranged for use of gas from said
gas supply system, and interconnected with the gas supply system by flow
circuitry including said gas dispensing manifold for flow of gas from the gas

supply system to the semiconductor manufacturing process unit.

72. A semiconductor manufacturing facility according to claim 71,
wherein the semiconductor manufacturing process unit comprises a process unit
selected from the group consisting of: chemical vapor deposition reactors; ion
implanters; photolithography tracks; etch chambers; diffusion chambers; and

plasma generators.
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