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vessel or storage container in which ' t he
gas conponent(s) are held in sorptive rej
sorbent nedium and are desorptively rel eased 1

medi um in the di spensing operation. 15 k on, he—Rel at ed —
Art , I n the manuf acture of sem conduct of z%%@%#alé ﬁ%“dévg% %ﬁg """"
and in - various other industrial processes and aﬁ I'Tcations, there
is a need S'l‘DﬂAGErANDaBEhMEﬁYc&YgTEM/EQRJIG@QSEQ %aCQMBOM\BB&

Many of such 20 ' gases, including for exanple silane, germane,

anmoni a, phosphi ne, : arsi ne, diborane, stibine, hydrogen sulfide,

hydr ogen sel &ni de, B hydrogen tel luride, and correspondi ng and

ot her halide (chlorine, br om nBescription and fl uori ne) conpounds,

as a result of toxicity and : safety considerations, nust be

careful ly stored anfieidnot tive iinventicip i ndustrial process facility.
The gaseous hydri des- ar sq N-Iq d I pe r .
conngnfy 3§edyaslsoﬁrce:T@$'&@@E&?@ %%ﬁ?gaﬂgngﬁggbﬂ%F&E?b?P%L?naE$en&ng
ion inplantt@ion. Systems fortherselactivendispensingt of gaseouisieageapts camprising
pressure, their Usgh drid¥'3A@ hafdé gasééxch ‘H@Qé’séll%}%?or_lé'gﬁ@gﬁtéiﬁéﬁ ir>whidh/

oD ehlTy' e A1 iber e ke g bR . s
1500 psig. A cat astretgtiinshipctoca $oli@sotierftanédiom, indsane’ esorptivel§r released
coul d pose a ser i oUgo i H'ab R RblRim Hthe dEPeRSRD bpifadd or kers: 35
15 -
- In the manufacture of semiconductor materials and devices, and in
various other industrial processes and applicati_ons,_ there is a need
for a reliable source of hydridic. and. h_alidic gases. Many of such
20  gases, including for example. silane, germane, ammonia, phosphine,
‘arsine, diborane, stibine, hydrogen sulfide, . 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
ndustrial process facility.

.The gaseous. hydrides arsine (AsH3) and phos_phi_ne (PH3) are
‘commonly.used as sources of arsenic (As) and phosphorous (P) in
ion implantation. Due to their extreme toxicity. and. high vapor
30 pressure, their use, transportation and storage raise significant safety
- ‘concermns for the semiconductor industry. lon implantation systems
typically use dilute mixtures of AsH3 and PH3 at pressures 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.
35 '



PCT/ US95/ 13040 - ' 2
Based on these consi dghiaSheetias BedndReplard i npl ant user nust choose

bet ween sofyigbgAirgas so ni ¢ and phosphorous speETATses/13040 ,
- Switching fromAs to P r wwth solid sources can take as
| ong~as 90 minutes. The sanme specl es change requires only 15 5

m nutes wth gas sources. However, arsine (AsHerr]) and phosphine

(PH err]), the two nost commonly used source gases, are highly toxic.
Their use has recently been the focus of mﬁde%fread attention due to
the safety aspects of handling and processi ng 4 hese gases. Many ion

I npl antation systens utilize hydride gas. sources supplied as dilute 10
m xtures (10-15% , Basediarhthese. considerations, theciphi impiast userpmeist choesef -

400 - 1800 |

the gases f Iroglrn(‘:]c Wéc?%r é&ﬁq}%?%%%@g%&@%@ﬁ&p@%%@@o a$es%§gre

al ternatives. éw't"h'ng from As tqﬁ&jn an {replanterwith solid sgurces mt*ﬁ agogs to
Karl O loni§nas | 90! ghintifesi STHe $aMme spetieedchangs Gequides vhly 15

b |
e, e o Ok el YRR LR R o,
zeolite of pore @H3),ithe twe meﬁtg@mmon wsed source gasesuare highlytouic. 15 .
Angstroms to ads ?ﬁ%lr}ﬁ%é'lﬁ% ,%Beﬁgf—‘ bééR thé‘??cgé‘gf aﬁdespre?dtéfféhtﬂhsﬁfé'?é ng the

arsine by heati t?@ erature of up to
about 175[ err] C thersafetyraspests of h%@'tﬂﬂ ang peacessing these gases.arMarme ign om t he

ZKGO: : te materi a|t|mplantatton systems utilizéehydrideo asdsdiﬁb6§€§d| pligdtag dllu%e

no rrue er patent is S, e ui res

provi si o6 f heamf’#ﬁreﬁeéﬁ'ﬁ%) in eﬁhera&ﬁq.h ?@%P‘qugnqﬁfsbp{ Bﬂ*ssﬂfﬁ%ﬁ nust
be constructed o400 al8edgsiy. tibisthetconcern over thé pressureidriven riddsec obnt .
tenperature to 64 >
zeolite in the gﬂ fqégg%qua t&ph&é@gﬁa?ﬂé?%%mpted u§ﬁlés @;i@bggt'éétger%ﬂtfpﬁg ‘
jacket or other afiesmatie&erior to the vessel "hol di ng the -
arsine-bearing zeolite is problematic in that the vessel

| oEroducts 2 st gni 11 it Patert e £h 22 143805 NRRq Top o108 dp. Keatt Qer,
heating of arsi rnalimoelieri tdlSGlosbsoa‘pmethodesnﬂ istaring nandie stbsequertly of 35
hydrogen gas, Wyjdifetifg ra?g%eﬁy%n@ﬁﬁn&sérgﬁtehélzé‘rtgmb@&uw& frof &BSut
-300C to about +309C with a zeolite of pore: size in the range of from
about 5 to about 15 Angstroms to  adsorb arsine  on the zeolite, and
20  then dispensing the arsine by heating the- zeolite to an elevated
 temperature of up to about 175°C for sufﬁcient tlme to release the
~ arsine from the zeollte matenal R T

-

B _Ther'- -method disclosed in the Knolimueller patent is

25 ntageous in that it requires the provision of heatlng means for
" Y zeolite: matenal which must be constructed and’ arrranged to heat
~ the zéolite- to sufficient temperature- to- deseorb: the previously sorbed
' -'arsme from the zeohte in the desnred quantitv '
30 - The use of a heating jacket or other means. exterior to the

vessel holding the arsine-bearing zeolite is problematic in that the

- vessel typically ‘has a significant heat capacity, and therefore

~ introduces a significant lag time to the dispensing operation. Further,

_ heating of arsine causes it to decompose, resuiting in the formation of
35 hydrogen gas, which introduces an explosive hazard into the process
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system Addiwoesai?sy, such thermal|ly-nedi ated decorpdsiti on ofPCT/USIS/13040
arsine effects substantial incregase in gas pressure in the process

system which nmay be extrenely di sadvantageous fromthe

st andpoi nt of systemlife and operating efficiency. 5 The
provision of interiorly disposed heating coil or other heat i ng
elements in the zeolite bed itself is problematic since it is

difficult with such nmeans to uniformy heat theSzeolite bed to achieve

the desired uniformty of arsine ?as rel ease. ﬁo . .The use of
heated carrier gasSYstérBansAdditiona) -hﬁ%ﬁii@ﬂ@a ¥nediated decagpposition : of i n
its contai nnent veggitle @ectssulsstantidinincrédse o ngas pressure indtie Provesss.
but the tenperatures, neces arh?; t o achi eve, the hegﬁ ed, _ ,ﬁarrl ﬁ-ﬂ gas
desor ption of arsi§¥(§t9{ﬁy WBIGH (B yeﬁﬁfawe!% Wﬁp?@eﬂ?s om e
unsui tabl e for thestandpointobsystém life andeopgarating effidiencycool i ng or ot her
treatment ig required to condition the dispensed gas for ultinmate use.

The present” invention contenplates a gas storage and . . di spensi ng
system for the storagelhgoprevisiamsefninteriody ddisppsednbheating coil omather ¢

gases, Wwhich over ¢{giingt BRn7eHY Gntthaczeding Bl RU¥RNE JSRBlematic since & id he
met hod di scl osed ip.th Kﬂglﬁlli ell er &ﬁéﬁ glem of

nt . .. Jhe sys
the invention is GHR Vi gieas Wh |?ormly heat the Zﬁpgtﬁeh%‘;rﬁﬁ agﬁ‘n eve
hydri di c and hal i dhe dgsired unfidrmity of aesinhe \gais\retgaseabl e 25 .
anbi-ent t erature levels, but is able to effectively utilize the high
storage (sorptive) capacity of zeolite materials ,
SUMVARY OF THE | NVENTI Gthesase of heated carrier gas istregmsspassedhthraughthe bed |

contenplates an a%?%&:&é)rindﬁé%&%@n‘em: vessel nid)P8yaicst fhe fdrapaffy and
di spensi ng of a garqs,_ e.dg,,. abl.%:t?‘ sel ected rom t%e groug
consi sting of hyddefisieftias; bitdhefemperatires necessary to achieyantie:haatad:
Group V conpounds cafiéngae deserption of @rsine! may béSundesirably high or otherwise

15 unsuitable for the end: use of the arsine gas, so.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: stbfage_--and' dispensing- -of hydridic and

20 halidic gases, which overcomes the above-discussed-disadvantages
of the method disclosed in the: Knolimueller patent:

. Th_e--..' system of the invention is adapted for storage and
jnsing: of hydridic and halidic gases and is selectively operable

25' gnt temperature levels; but is able to. effectively utilize the high -
(sorptive) capacity. of zeolite materials.
' SUMMARY OF THE INVENTION
30 |

. The present invention contemplates ar 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, such apparatus comprising:
35 -
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a storage and di spensing vessel constructed and arranged for

~hol di ng angpédrfirphase physi cal sorbent medium and for sel eg&,pgcfy
aﬁ‘“se

flowing gas 1nto and out of said vessel; 5 a so

physi cal sorbent nmedium disposed in said storage and di spensi ng
vessel at an interior gas pressure; a sorbate gas

physi cal | y adsorbed on said solid-phase . physical sorbent nmedium
10 . a dispensing assenbly coupled in gas flow com‘rum cation

with the storage and di spensing vessel, and cénstructed and
arranged-to provide, exteriorly of sai d st orage and di spensi ng vessel,
a pressure bel ow sai @& $torage and dispensing vesself censtruttexh apdi amanged: fobat e 15

gas fromthe sohbﬁﬁaai%ogmsﬁﬂ&%' %l@ﬁ“%%lfﬁ?ﬁ tedihf! Qf‘?& o QWIe%Elgﬁy 1 the

desor bed gas throug en5| asse
sol i d- phase phy#pwing gas intat $%dl!§$%$d of trace conponents
sel ected fromthe group consisti ng of vvat er, metal s 20 and OXI dic

transitign netal species iies | trates)
sufficielt in concenfr ﬁ’éﬁr%éed h “t l”é"gg@ppﬁed in said sai d
storage and di sptorage@ndedispénsing. vesselatan interiorl gass prassapgar at us, the

sol i d- phase physical sorbent nedium?25 = . contains |less than 350,

preferably less than 100, nore preferably. Iess : than 10, and nost
preferably |ess thanalsorbale 9asegas physigallyy adeored on said solid- -phasec

conponents sel ePh Psicalr Sorbbhenfddium; consi sting of water.-.and . oxidic
transi t%a“r; nmet al Species, based on the wei ght of the physical ‘*
dium 30 “the

sor bert In the apparatus of the invenion,
sol i d-phase physi cal a dispensing assémbly codpled. o s floai lc@ﬁ'lrﬁﬁniohﬁéﬁ

Cransition met st the cHorlfe and disperinly Pueetar, %gh?cq%{stwtec[)h o ' °
sor bent medi um auaegetam pm\ede.r@ctenody ohsaid storage and dispensing vessel,
' - a pressure below said interior-pressure; to effect desorption of sorbate
15 gas from the solid-phase- physical_-- sorbent: mediumy, and gas flow of
' desorbed gas through- the: dispensing assembly; -

wherein the: solid-phase- physica! zorbent medium is devoid of
trace components selected-from:the: grc:.;; consisting of water, metals,
20 and: oxidic: transition metal -species: (e.g., oxides, sulfites and/or.
- nitrates) sufficient in concentration to. decompose-the: sorbate gas in
said storage and dispensing vessel. f | |

| such apparatus, the-solid-phase- physical: sarbent medium
25

#:less-than 350, preferably less:than 100, more. preferably less.
¥:10,"and most preferably less than-t, par’t&p'eg:amillieﬁ:by weight
of trace components selected from the group consisting of water and
+ oxidic transition metal specles, based on the weight of the physical
: sorbent medium ' ERREN
- 80

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-we‘ight of the physical sorbent medium, desirably is _-ihsufﬁcient,

Sheet Has Been RTlaced
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5 to deconpose nore than 5% and preferably nore than 1% by

wei ght wo 96mf3et he sorbate gas after 1 year. at 25[err] C amor/osesi3o4o

i nterior pressure. o I n anot her aspect, the present

I nvention relates to an 5 ' adsor pti on-desorption apparatus, for
storage and di spensing of a gas, e.g., a gas selected fromthe
group consisting of hydride gases, halide ' gases, and

organonetal lic G oup V conpounds, said apparatus conprising: 10

a storage and di spensing vessel constructed and 5olrranged for

hol di ng a sol i d-phase physical sorbent nedi um .and for se| ectivel .
flowing gas into atyd e&meﬂsemqe»leggéﬁﬁ a"éj preferably more than s13¥ WWﬁm
physi cal sorbent nefiihegstbateorgasafter +yedr &52500 andstﬁ;d&ﬂ.%naﬁﬁréhswéns' ng

vessel at an interior gas pressure; a sorbate gas _
physi cal | y adsorbed. on said solid-phase - physi cal sorbent nedi um
20 a di spelmsi anpthes eabpectc otivel epresent sinvéntion c celates cta i an

with the stgrage a ,ﬁgrrgie

arranged togprow dg&%ﬁgﬁ[&%‘;ﬁ&tﬁéé@a@pﬂ{%ﬁ%&#gﬁ Inr%nglof aeqas

a pressure bel ow s8i%s & gasselacied Fomithe 9[Q§'Pe¢qf!§tﬁﬂﬂge@ ydridegases; hafide e

gas fromthe solid ﬂﬁé&ﬁeaﬁﬂ'%ﬂgﬁﬁbnﬁémentﬁﬁﬁﬁ' V”boﬁi?ibm% féa%’ appafatus
[err] gas through di s ensing assenbly; wherein the

sol i d- phase physi cSPMPESIGent nedi um ~ concentration of trace
conponents selected fromthe group consisting of water, netals,

ohystoal si¥bent. ﬁéﬁ.nu@ts?‘*s'aﬁa%iff”sf’gﬁﬁﬂgo‘(’%aéﬁg§°ﬁgt"’°‘e" 4 9""%‘@5“{‘1& " of
the sorbate gas recReidinghg soelidrphase mhysicat spybemdmedium, andpfostselaetivelyor

than a 10%rise i nﬂévmhﬁrqgmﬁf gﬁatgugogggﬁ[vésgéﬁek at 25[err]Cin
sai d storage and di spefising vessel 96/11739 E

PCT/ US95/ 13040
'a--solud-phase physucal -sorbent medium disposed in said

15 storage and dispensing vessel at artinterior gas pressure;

- a sorbate- gas physically adsorbed. on said solid-phase
physical sorbent medium; - |

20 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,

_apressure below said interior pressure, to effect desorption of sorbate

Aikas fiomv the. solid-phase: physical sorbent medium, and gas fiow of

-] _gas through the dlspensmg assembly,

25

_ -'S'wherew:' “the - solid-phase physueal: . sorbent medium
» concentration of trace components selected from the: group: consisting
_of water, metals; and: oxidic transition. metal species;.based on the
30 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

250C in said storage and dispensing vessel..



6 I n such apparatus, the solid-phase physical sorbent

medi um desirably contains | ess than 350, preferably, Iess t han
100, nor ewo 9611739 preferably | ess than 10, and nost pref Lé,ﬁ@ than
1, part(s)-per- mllion by weight of trace conponén s S cted ’
from the group consisting of water and oxidic transition neta
speci es, based on the : wei ght of the physical sorbent nedium

Still another aspect of the invention relates to an adsorption-’

desorption apparatus, for storage and di spensing of boron trifluoride, 10
such apparatus conpri sing: @8 storage and di spensi ng

vessel constructed and arranged for : hol ding a sol i d-phase

phy fs : cal 30 rbent medimu suda\appgraufso tine- |smhd-phase physreﬁf sorientf mediumon |
t t
rifluoride de%z?ébl? et Gitthing®less’ tHan 530 l?:fr éﬁlge iéé%yg@lﬁ% B’@ﬁanrrg d?:]m

out of said vess

having a sor pt i Reeferably less thant 16, and mstmefenablvnessrmm pdl't{ﬁ)epmﬁ in
said storage anﬁmﬁbﬁpeﬁswe@ht of trace cofiptie ﬂ:t% gr‘ | B@° diolip°l ¢

§8| i d- phase consistlnqjﬁf)g{taiej l ﬁ@m@ﬁ?% M“‘?&é spedies, based on the,

di spensi ng assewbight ob tipeé pHysicalbsorbéhbmediumuni cati on 25 with the storage
and di spensi ng vessel, and constructed and .. . arranged to provide,
exteriorly of said storage and di spensi ng vessel, a pressure

bel ow sai d interior $tiltanother aspest fof dhe doves: pm celatss ki e adsorption-

trifluoride gasdééd?ﬁiréﬁ‘ﬁPPﬂlf' its pﬁ&f‘%?orage%hr f'd s@%h% i of BEtdH |fﬁ@>8|d@as

fl ow of, desor bed uor i de ga di spensi ng ( :
assenbl ' S“Ch apparatus compAisingh general |y preferred to operate sol el y
by pressure ' differential, in respect of the sorptlon and

desorption of the g ubse ent ed 'IStem of
the invention nmay i ??ﬁ’?@aéé“d dwp?ﬂ%’f‘é 893 'é%@é a@’ﬁﬂgﬁs for heat er
operativel y arrholding ansolid-phase \hysical 1S@bent medium having a sorptive ©
PCT/ US95/ 13040 affinity for boron trifluoride; and for selectrvely flowmg boron trifluoride

15 into and out of said vessel;.

. a solid- phase physical- sorbent «adium:-having a sorptive
affinity for boron trifluoride, disposed in said storage and. dispensing
vessel at an interior gas pressure; |

boron: triflueride gas, physically- adsorbed.-on said - solid-phase
physical sorbent medium; and : - . SO

& dispensing- assembly. coupled. in‘ gas ‘flow: communication
the: storage- and dispensing vessel, and: comstructed and
arrangedto provide, exteriorly of said storage and dlspensmg vessel,
" a pressure below: said interior: pressure ‘ta effect-desorption of boron
-+ trifluoride.gas fram the solid-phase: physical -sorbent. medium, and gas
flow of desorbed. boron tnﬂuonde« gae through the drspensmg

30 assembly ' - P S

25

Although- generally preferred to operate solely by pressure
differential, in respect of the sorption and desorption of the gas to be
subsequently dispensed, the system of the invention may in some

35 instances advantageously employ a heater operatively arranged in
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7 relation to the storage and di spensing vessel for selective

heati ng of the solid-phase physical sorbent medium to effect
thermal | y- - wo96/11739 enhanced desorption of the sorbate gas frpc'm]bgnmo
sol i d-phase physi cal sorbent nmedium 5-

preferred solid-phase physical sorbent medium conprises a

crystalline alum nnosilicate conposition, e.g., with a pore size in the
range of from about 4 to about 13 A although crystalline

al um nosi | i cate conpositions having |arger pores, e.g., so-cal led 10
nesopore conpositions with a pore size in the raﬁge of from about 20

to about 40 A are also potentially usefully enployed in the broad
practice of the invelatioorto thezstptage and dispensing vasselfor aalmtmmelatmgtm‘

conposi tions incl uiﬁ?hou Ip(ﬁgP [ﬁh?sfdé? sBfsbrR" %&F,QH yt‘ﬁ Bﬁg&erthgﬁﬁa“y.

nmol ecul ar si eve. | eve nateri

crystalline al um n@.ﬂ"ﬁ"& s&FRi‘QE‘a‘PngR S%F@cﬂﬁ%ﬁ'om tshpegol&-@ase physical
preferred in many ispshénmtanediumie sol i d- phase physical sorbent

medi um naygrjsef ully conprise other materials such as silica,

al um na, macroreticul ate pol yners, kiesel guhr, carbon, etc. The

sorbent materials may b pmfeabd;soﬁdipi‘meeﬂhwcalrsmbedt mediuraucamptisas a0

they are devoid of ﬁﬁmpgoﬁﬂﬂﬁﬁ%ﬁc Eanﬂ%iﬁaﬁr F%swéhaéfep%qé %IE@ in the

performance of the S orage an ens
‘carbon sorbents nayange sgbj Femeahqut htOngabqléatWenA é'tboughvl crystalline

hydrof | uoric acid, gigmirRsiiRatd hé‘dﬂ'\ﬁéé'flbﬁs eﬁé%h f'léi@ef)f él"eécee oneen.@nba
such as netal s’ and oxidic transit

P t t f 25
carbon matdP al s | MesAROrE &oemqswns&"@* aaqrgéeﬁi@ﬁﬁaﬁﬁeﬁ ﬁméh Bpout 20
uni f orm spheri cal tarabout 40s Aapre alsay potémtiallyPuséflly LémployedBiRCiie broad:

ro6. avel bl < 1 OBSSBRRTNEL Sttt et dlmngsicats

phase physical sor sempqsﬁmnsrmglumgﬁﬁonwemlar fievecand prefgrably@ binderless:
di spensi ng vessel pogigbar weld. 2 Aﬁﬁ&ygwrmcmﬁ edibde ht s3such as_

or bat & gadSt ner 4i RTVSHRIRG CrAMTIIRSYIGAS4rn 808, Farhe Sbt%rﬁBe@y&fplseves
have a sorptive af prefeired dn Remy rinstancésiothéesolid-phase. physival esorberil5

potential |y sui table fHEM ey PGoniiy SomphSe' Sthet nateRGR’ ARE ds'siicay .,

: : alumina, macroreticulate polymers, kieselguhr, carbon, etc. The

sorbent materials may be suitably processed or treated to ensure that

20 = they are devoid of trace components which: deleteriously affect the

performance of the gas storage and dispehsin‘g system. For example,

carbon sorbents may be subjected to washing treatment, e.g., with

- hydrofluoric acid, to render them sufficiently free of trace components

sueh ‘as metals and oxidic transition metal species. Potentially useful

j ,', materials include so-called bead activated carbon of highly

: niférm spherical particle shape, e.g., BAC-MP, BAC-LP, and BAC-G-

70R available from Kreha Corporatnon of Amenca, New York, NY.

25

~ The ap'para'tus. of the invention-ma‘y be constructed with a solid-
30 phase physical sorbent medium being present in the storage and
dispensing vessel together with a chemisorbent material having a

sorptive affinity for contaminants, e.g., decomposition products, of the

sorbate gas therein. Such chemisorbent material may for example

| have a sorptive affinity for non-inert atmospheric gases. Examples of

35 potentially suitable chemisorbent materials include a scavenger for



8 such contam nants, such as a scavenger selected fromthe group

consi sting of: (A) scavengers including a support having
associ at edwo 9511739 therewith, but not coval ently bonded t peraisosi13040
conmpound which in the presence of such contam nant provides an
anion which is reactive to effect the renoval of such

contam nant, said conpound bei ng sel ected fromone or nore
menbers of the group consisting of: 10 : (i) carbanion
sour ce compounds whose correspondi ng prot onat ed '
car bani on conpounds have a pKa val ue of 8 from about 22
to about 36; and (i1) anion source conpounds forned
by reaction of s#Gh ggntaminants, such as a Wﬁﬂﬁ?‘bﬁﬂﬁ%ﬁ@:é’%n‘b@uﬁwm th
the sorbate gas;consisting of: _ -~ (B) scavengers conpri sing:

(i) an inert support haV| ng a surface area in the 20

range of from about 50 to about 1000 square neters

per gram and thermal(A). stssavengerst dneludingaisa support having associated

250 C a cayv, S
gl Jperewith, but not covaléiti e) b@ﬂd?& t!'léF'etﬁ ) g&ggpagna Rk FF' i,

present on the on 0
about 0.01 to adB@resence of such contammant momdﬁsmnsaw@n whichis csea@umoort

and fornmed by the effect the removal of such d@rﬁammamn saidté?&nﬁaaﬁerbe

Goup | A netal sele rom sodi um ssiu
rubi di um and c&§ Igﬁg&ﬁrgm one or more members of thq Qeaup ¢RNSist °and al | oys
and pyrolysis thereof on said 30 : support.

By way gfa an exanpl e, suc " ' 3
advant ageoousl y conprise aqgcg a?‘ ﬁb@n@%ﬁrggsﬂcgﬁe[s*?gndmg (
group consisting of: trityR ggﬁﬂs@“ﬂﬂll SQRPeHNdS havefpKasvalue of  \\p
96/ 11739 _ : from about 22 to about 36; and ... PCT/ US95/ 13Q4.0

. - {ii) anion source compounds _forrhe'd by reaction of said
15 carbanion source compounds with the: sorbate gas; and

{B) scavengers comprising:

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

(i) . an active scavenging: species; --p_reseht 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: |A metal selected
' _ - from sodium, potassium, rubidium, and cesium and
- - their mixtures and alloys and pyrolysis thereof on said
30 .. support. : :

By way of an example.-. s_uch-—- chemiso?béﬁi '_r.naterial may
advantageously comprise a scavenger component selep_ted from the
group consisting of: - trityllithium and potassium arsenide.

35 - |
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9 In respect of such chenisorbent materials for

contam nants of the sorbate gas to be dispensed, any of a w de
vari ety of Sqmysan9sse or chem sorbent materials nmy peressBNRd.
i ncl udi ng scavenger .conpositions of the types disclosed and
clainmed in U S. Patent 5 4,761, 395 issued August 2, 1988 to denn M
Tom et al., and U. S. ' Pat ent application no. 08/084,414 filed
June 29, 1994 in the nane of denn M Tom and Janmes V. MManus,
t he di scl osures of which hereby are incorporated herein by
reference. 10 The cheni sorbent mate®ial when enpl oyed may be
utilized as ' a separate bed in gas comunication with the bed of
physi cal - adsorlbeespeatrof guchrchamisotbent imaterials farr centamingnts cof

di sper sed eeaTea M 3 L f b Sl
adsor bent thérr%tB er a?éa?goﬁeai%gﬁgédé éa%eﬁa%ub var ggssgﬁwq%ér% '

The invention in afbt¢hemisorkant materals mgvabpi%nﬁlspﬁgﬂzﬁtﬂwias scavenger

system colrrpritsit ng o@mmmﬁst &ﬂunhéle S atw}ﬁe‘dﬂ andr @taim_éaegd al.SinPatent

an ion i tatio US C ed, j,n co jcatjo

W th suc[\rprga]tgent rsloﬁggg,bgdﬁﬁu%ﬂéggpﬁt ?héggéatﬁeﬁ\(éné‘omrﬁ’setPEaapgplé'go

descri bed her ei nabdatent application no. 08/084;At4 ffilet dune 29, 994oin thel paras ofn

still another aspe@ijehf M. Tom and Jﬂ%%%%ﬂ%ﬂé&?ﬂ*é’ |disc18s@es. bf adkich
co I ng of hydride gases,

sel ected fromthe group. . nsi stin hal i'de gases,
and or ganonet al | i c hereRipapssincorporatachpheraia 9y refifaneR.ocess conpri si ng:
provi ding a storage and di spensi ng vessel containing a solid-

P Cara B oageny 8 chBrRSndbhy BfR, WP o8t ol e g
fsai d Sg| i d- phase ph_ys'epatatefbed in gasr.bmnm%rﬂchtiun avithorthet begaﬁf sphysicald
romtne group con 0 : 0o ; Ses,
3 0P e n MLty ateratval I SeFaog’ Rl B UoisEe

to yield a sorbate gas-

WO 96/ 11739 randomly or selectively throughout a bed of physical adsorbent
PCT/US95/ 13040  materiat in the storage and dispensing vessel.

. The invention in another aspect relates to an ion implantation
system, 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

20 . described hereinabove. ' '

The present invention relates. in still another aspect to a
process for supplying a gas reagent selected from the group
ebns:stmg of hydride gases, halide gases, and organometallic Group

25 "-bémp_ounds, such process comprising:
. brdVi'ding_ a storage and dispensing: v_essel-: containing a solid-
+ phase physical sorbent medium having- a physically- sorptive affinity
for said gas reagent; :
30

physically sorptively loading on said: solid-phase physical
sorbent 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
35



10 desorbing sorbate gas fromthe sorbate gas-| oaded
physi cal sorbent nedium by reduced pressure desorptlon for

di spensi NGye 96111739 t her eof ; 5 wherein the i Fﬁ&f
physi cal sor bent medi um i s devoid of _ trace corrponents Se ed
fromthe group consisting of water, netals ~and oxidic transition
netal species in a sufficient concentration to - deconpose t he

sor bat e gas

in said storage and di spensing vessel. 10 In a

further particular aspect, the invention relates to an
adsor pti on-desorption process for storage and1@i spensi ng of boron

trifluoride,

conpri sing: provi ding a storage and

di spensi ng vessel condesorbing sothzte yaslfrom the spibate gas-oaded Wybbal
medi um havi ng a QKSh Fhediurf' B % ré%uEHi rés%url ¥l i/orptrorﬁ O‘forbgfsﬁ%psing

trifluoride;
trifluoride

sel ectively

yrsorp oadi ng
on dBeeeafpl i d- phase physical sorbent nmedium to-

yield a boron trifluoride- Ioaded 20 physical sorbent nedium and
desorbin bor or|d fro boro
| oaded ph‘ag? ﬁﬁﬂl i is devoid of

trifluoritde-
desor ption,

for tm@emmpogenﬂsesewdted hom the group. consrstrng\MWater meralsat us

f th
adoor pt 1 on- desor Ty exidiR E5Hsifh el Spebibe’ih, o o Sonpepreton.

sor babl e on
conpri si ng:

a sslecompsecthersarbate gasieaid Stetagenend dispensing vessel.

30 a storage and di spensing vessel constructed

and arr ed for 1 ﬁh(m 5%“ oI|d E as&ﬁﬁh si cal sorbent medi um

and for | ectively

WD 96/ 11739

15

20

25

30

Iy 2 8SPREY XRNtian s"& ales clos an
adsorptlon-desorptlon process for storage and dispensing’©F/ b&idn 13040

trifluoride, comprrsrng

provrdrng a storage and dlspensrng vessel contalmng a sohd-
phase physical sorbent medium having a physically sorptive affinity
- for boron trifluoride;

- physically: sorptively I_oading.- boron trifluoride- on said solid-
- phase physical sorbent medium, to yield a. boron- trifluoride-loaded
physical sorbent medium; and ' -

- selectively - desorbing boron trifluoride: from the boron
tnfluorrda-loaded physical sorbent medrum. by reduced- pressure
ditsor _tien, for drspensrng thereof. o

L Another apparatus aspect of the present rnventlon relates to an
adsorption-desorption apparatus, for storage-and-dispensing of a gas

+ sorbable: or a solid-phase physical sorbent medium, such apparatus
comprising: G

_ a-rstorage and di_s‘pensin_g_.veSsel constructed and arranged for
holding a solid-phase physical sorbent medium, and for selectively
flowing gas into and out of said vessel;

¢



11 ~ a solid-phase physical sorbent medi um di sposed in the
storage and di spensing vessel at an interior gas pressure;
a .sorbate gayogMereal | y adsorbed on the solid-phase physical pcT/US95/13040

sor bent nedi um a di spensing assenbly coupled in gas flow
conmuni cati on . with the storage and di spensing vessel, and
constructed and arranged to provide, exteriorly of the storage
and di spensing vessel, a 10 .. pressure bel ow sai-d interior pressure, to
ef fect desorption of sorbate gas fromthe solid-phase physi cal
sorbent nedium and gas flow of desor hdd gas through the

di spensi ng assenbl y; . _ a cryopunp coupled to the dispensing
assenbly for 15 -8r solidrphgsa g physicak sgerbebt gmedium  dispasedgiifg thee
resultingly s petidir - interior aas -ur t her
process aspect, thsem;garéegsgﬁtawiisr\ventri‘bg?\esrsgl.aattgg lptoerg gaspersé\'e:;rocess for

storage and di spensing of a gas sorbable on a solid- 20 _ phase
physi cal sorbent nedi una soripateyascptwsicallyradsorbed on the solid-phase physical

provi di ng storag ﬂ} ' sing vessel holding a solid- . phase
physi cal sor bent ni%flgg m%&ﬂ' ) adsor bi ng such gas on the
sol i d- phase physi cal sorbent o establishing, exteriorly of

the storage and di Spensh%sﬁéﬁﬁﬁ# ’%s”semtglg gQuPIBE S Yas wo%ﬂﬁ%ﬁiﬁéﬁéﬁor .

pressure, to effect, desorption o r_g,a ] éa omthe soll d-é)has
physi cal sorbent n¥ilhulRe aﬂ&"qg%vﬂ"ﬁg ispensing yessehcandasopsirusted; ran
storage and di spenafranged &s ptovide, exteriorly of the storageran® ditpenBigivsssenesl gas
o in® fO0179° Alsure below s BRI 485 o et BEEAIBHER B EStbate

PCT/ US95/ 13040 - - gas from the solid-phase physical sorbent medium, and gas flow of

desorbed gas through the dispensing assembly;

a cryopump coupled to the dispensing assembly for
16 pressurizing the desorbed gas and. ‘discharging the " resultingly
pressurized gas. - '

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

. providing- & storage aridf"dispensingf- vessel- holding a solid-
- phase physical sorbent medium;

25

. “adsorbing  such gas' on - the- solid-phase. physical sorbent
v - astablishing, exteriorly of the storage and dispensing vessel, a
- pressure below the interior pressure, to effect desorption of sorbate
30 gas from the solid-phase physical sorbent medium, and flowing
| desorbed gas out of the storage and dispensing vessel;

cryopumping - the _-desorbed. gas from the storage and
dispensing vessel to a predetermined pressure, wherein such



12 predeterm ned pressure is higher than the pressure of the
desor bed . gas flowed out of the storage and di spensing vessel.

O her aspegéd s¢/190t ures and enbodi ments of the invention V\ni:bm)ﬁgmm be
nore fully apparent fromthe ensui ng di scl osure and appended

cl ai ns. BRI EF DESCRI PTI ON OF THE DRAWNGS 10

Figure 1 shows a graph of the adsorption isothermfor arsine, as .
a plot of the arsine loading in granms arsine per Ilter of zeolite 5A,

as a function of the |log pressure in Torr. Figure 2 -shows
a graph of the -adsorption isothermfor arsi nd2 15 - as a pI ot of 't he
arsine |l oading in granms phosphine per. liter of zeolite 5A, as a
function of thepne@tqmuag@rmessuredmmgher than the pressure of #e slesorkbed,

schematic repr eg%‘ﬂé%érbtﬁfofmébtb’rﬁgeaﬁﬂfhlspensmg vesél! i very system
according to one enbodi nent of the Tnvention. Figure 4

is a delivery lifetinme plot of arsine pressure, in Torr,. as
af unction of hours oomeaspbcmfedturéseandwmbedlmwedﬂthenmemwﬂewm

_?_8P?r a;? af unc'f? i fully a&d&gﬁfﬁﬁ ?h?ﬁs@%&gﬁi@&eﬁga@é&ﬁ%q (on

the right-hand qlams s) of tenperature, in degrees Centigrade, as a
function of time, in seconds, - graphical Iy show ng the tenperature
and pressure rises duri Xper fi |ng of a
phosphi ne gas storage 'éﬁlpﬁwwlc’m 8'! ?j‘gé bﬁé}w Wi th room
air. Figure 6 is a plot of arsine rel eased |n grans, as a

functi of : r.d Qf ar si ne,
versus an arsine Figurd §¢'§V§%e8§1’31 G{eﬂ‘h%??fﬁ@ggﬁ ﬁ?‘gé ﬂ@{ GESINGy, |
simul ati on of aasrarplot ofsthe arsine loading: i grams arsinedper liter of zeolite 5, -

96/ 11739 as a function of the log pressure in Torr: - PCT/ US95/ 13040

Figure 2 shows a graph of the adsorption isotherm for arsine,
15 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 representatior of a storage and
delivery system 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
paratus. - o : '
25 Eigu:erss is:a plot of cylinder pressure;. in-Torr,.as a function of o

in- secands, 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- phosphme ‘gas storage and delivery
30 - system apparatus. wrth room air.. S

Figure Gisa plot of ars_ine released, in grams, as a function of
time; in seconds, for a standard cylinder of arsine, versus an arsine
- storage and delivery system apparatus, in-simulation of a worst case
35 emission incident.
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i
13 Figure 7 is a schematic perspective view of a

cryopunpi ng storage and delivery system apparatus according to a
further wo o¢s11eabodi ment of the invention. 5 PCT/US9543048 8
is a graph of storage and delivery system cyli nder pressure

| evel, in psia, as a function of elaspsed tine, in mnutes, for

two nol ecul ar sieve sorbent materials of differing iron content. 10

DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED MODES
OF CARRYI NG QUT SAME 15 The present ,invention provides a new

at nospheric pressure storage and deli \7§ry system apparatus as a
source gas supply neans for applications such as ion inplantation
of hydride and hal i de gases, : and organonetallic Goup V

conpounds, e.g., arsineFigur@splis ree.schematic perspbtiive dew Nbil ar edyopthiping] .

BC [err], diborane riHLere], d_jts de ' an

Blerr]DJerr]), HC st(aEﬁé X HP],'V-%&nﬁ%%ﬁ hééé&ﬁ%&l %gé&g“@z%&—@ 3%'15t.hefhe
new gas source sysembodimenheftheddvention.| eak-ti ght gas vessel, such

as a gas cykinder, containing the gas to be di spensed, e.g., arsine or
phosphi ne, adsorbed into a sorbent material conprising zeolite or .
ot her suitable physical Filser®isa awply ohstoraget aad dééb/eby systamecyinger s

phosphi ne, the zeoptdsBure IGVetSn P, VAP A fURERST Bf BlagbsbKiné Sinmiries, for
phosphine to s 1 a rm?rﬁ:’t?er'.ﬁ. . . SIQ ﬁ t.he, st orage and
delivery system gcular sieye sorbent materig|s,gf % erng Ir et he

rel ease rate is controlled primarily by 30 - diffusion instead of a
pressure djl ferential. Inadvertent rel eases, from t he storage and

delivery_system h_a\ée _ _ :u } iiP gﬁg} HE" v NT@RPSR%
concert i ons 10 < 1P A TE LN O T O D e

-di scussed hereinafter, and denonstrate that the storage and delivery 35
system apparatus and net hod of the present invention is about 1 x 10[err]
saf er t hant@onpr essedThespresent devention provide® achew7zdmospheric pressure

PCT/US95/13040  storage and delivery system apparatus as a source gas supply means
for applications such as ion implantation of hydride and halide gases,

and organometallic Group V compounds, e.g., arsine, phosphine,
- chlorine, NF3, BF3, BCl3, diborane (B,H, and its deuterium analog,

20 B,Dg), 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;. adsdrbed into a sorbent material 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

)osphine to s 1 atmosphere.

25

-Since. the: storage and delivery system is initially at
, atmospheric pressure; the release rate:-is controlled primarily by
30  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
35 system apparatus and method of the present invention is about 1x1 05
safer than compressed gas sources.



14 Wil e the invention is discussed primarily

hereinafter in terns of the storage and delivery of arsine and
phosphi ne weagAa17vt Wl be recogni zed that the utpdringisesmiosdhe
present invention is not thus limted, 5 but rather extends to and is
inclusive of various other hydride and _ hal i de gases, as for
exanpl e silane, diborane, arsine, phosphine, chlorine, Bd[err],

BF[err], Blerr]Derr], tungsten hexafl uoride, hydrogen fluoride,
hydr ogen chl ori de, hydrogen I odi de, hydrogen brom de, germane,
ammoni a, stibine, hydrogen sul fide, hydrogen télenlde hydr ogen 10
telluride, and corresponding and other halide (chlorine, brom ne,

i odine, and fluorine) gaseous conmpounds such as NF[err], and

organonetal lic G OUpmagneqH?i"twg dncisHd Lok !ﬂ*ﬁ# hb%lnaﬂ:er in 1

The novel neans and esent |nve or storin

del i veri ng gasedfdhersioiagesand self !%W olcarging apd ]P sphing mrﬁ be
reduces the haZ%éo Rized that tHéeaﬁntgaﬂQﬁa pTé@eﬁtaﬁMnmis ﬁupth(ﬁssumuted

h d [ f d b
examl o, Seol | ¢ PUA ?riger 408038, 1 pnch iF iy S Variale pirel; Redhids a
suitable solid malmlecgbses;r asrfor entamplepsitane, ediborane;f arsine, gpbosphinee 20

reduced to [err]cHiord GBCH‘GBF;?"BéDsetﬁ’ﬁéﬁéh'ﬁéxa‘flbeﬁHéh'h%d rEMubfidel eat |y
reduced as the driving f - pressure is elimnated ectively,

the storage and hysirogen Wfﬂ%@%nhﬁﬁ‘)ﬂmeﬂﬂ'd?. bydeagan @0@'@@9&5{7‘6"3,

gas cyl i nder anchrﬁu{drﬁhieéubiﬁéVﬁP{ldtdgﬁ? Gutfide) Rydrogent Qéleﬁ?ﬁée hgdﬁ%de o5

"The cylipnder is,s uent | t ere Wt

e SV B b taliinde!” ahat Fokebpaing  And LoIReR hals-RlorPe. Hioming.
the invention i Jodineadand afipotine)| gaseoushccampounds  such dasy MFt yanst
other physi cal gﬁ&‘ne@?@ﬁrébﬁv yﬁ.poaﬁdglsaaﬁlwmm)gsu ca, al um na,
macroreticul ate polyners : erlite resins, avallable from Rohm
& Haas Conpany, Phil adel phia, PA), carbon (e.g., bead activated 30 '

and

C?r bon), etc. t The novel méﬁﬁb'érﬁﬁnfé”tﬁodno? 'tﬁ&"b’résmtciEVéhﬁéﬁ if6€ storing o
ﬁy“?“ OPFS 'ngasf %ﬁ]pgh\ﬁrﬂg gageous arsine AU phospﬁi%re at's %”Bé‘fgng Satly”> " ©

Merr][ (A J errrpdGéesiive hazaid pbsed b these gases\\OThE/tethifilque involves

PCT/ US95//13040 the adsorption of these gases into a physrcal adsorbent such as, for

example, zeolite 5A. By adsorbing the gas into a zeolite or other

suitable soild physicaf sorbent; the-vapor pressure of the gas can be

20 reduced to s 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

nas:cylinder and cylinder vaive, loaded: with. dehydrated zeolite SA.

e éylinder is subsequently filled to 1 atmosphere with.the hydride

‘Although primarily disclosed hereinafter in: reference to zeolites,

R .-"mvention is broadly applicable to the usage of a wide variety of

"'"other physrear sorbent: materials, such' as kieselguhr;: silica, alumina,

+ macroreticulate polymers (e.g:, Amberlite resins, available from Rohm

_ & Haas Company, Philadelphla, PA), carbon: (e g bead activated
30 carbon), etc.

25

Zeolites are microporous crystalline aluminosilicates of alkali or
alkaline earth elements represented by following stoichiometry:

35 | | Mxln[(A_IOZ)x(Si02)y]lZH20-



15 where x and y are integers with y/x = to or greater than 1,

nis the val ence of the cation Mand z is the nunber of water
mol ecul es i nwo9gn173d each unit cell. Zeolite 5A has ~2.5 x 1¥{170895/13040
hydri de adsorption sites 5 - . per gram A liter of zeolite wll adsorb
100 grans of phosphi ne and - 220 grans of arsine at 25[err]C and 1
at nosphere. Figures 1 and 2 show t he adsorption isotherns for
arsi ne and phosphi ne, : respectively. 10 These

| sot herns show vapor pressure as a function of adsor bed hydri de
for a 1l liter cylinder. The isotherns are usefullSin - det er m ni ng

t he anobunt of deliverable hydride gas. As seen fromthe
i sotherns, roughly 50% of the hydride is adsorbed between 50-760

Torr. This is the {fargix aid yyare ﬁﬂegér%twﬁﬁry/i?rﬁfé b?a,jréwethdﬁl 1,v8M€dhey 15
the respective stor olegqfromthe

f
storage and del i veY %’ggﬁgtéﬁﬂpsc%@l‘ymsggﬂeﬁ'%y?%&umbe' of wa%h@o
pressure differenteéath unitvestin ZoclitetSA hgs 2.8 ddio@lehydride adsorptiory sitesh and

TN SN S IR TS e iy
ow can be achi ev e it ar t aner re igures 1dao ses.
An appropriate del sygpy ﬁéStﬁgeérEhoﬁ Zi%BiHérﬁ@thrag&sﬁé@ i hos?ﬁﬁn‘éf di ng

to the invention is shown in the sch
storage and del i vefagpegtiveli shown in Figure 3, a gas storage
cylinder 10 is provided which - may -be filled with a bed of

sui t-abl e physi cal adsorJgEnt mtﬁ'{ﬁlﬁﬁ‘&f Si'l a zeolite sorbent ther 30

suitabl e pi¥sical adsor oW, eehdr” RISl B3 b cflinefio

her ei nabove. The gadsarbedrnjadridecfarsa prijer dylinderer €he isdthermacare useful in-

eonan - Shch A28 1 AR ekl g SR Q96 fhon Yo e

PCT/ US95/ 13040 isotherms, roughly 5 % of the hydride is adsorbed between 50-760 -
Torr. This is the amount of hydride that can practically be dehvered by

15 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 impla'nt"vacuum chamber or. other downstream

20 use locus. Utilizing a device such as.a mass flow- controller, a
constant flow can be achieved as the sorbent container pressure
decreases '

n. appr.o'priate- delivery. system for a zeolite storage system
cording to the invention is shown in Figure 3. .

25

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 physical adsorbent material, e.g:, a. zeolite sorbent or other

30 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. '



16 The cylinder 10 is connected to a manifold 12, having

di sposed therein a cylinder valve 14 for controllably rel easing
gas from wo oerrieso ' 10, upstream of a gas cylinder penugdsiaooval ve
16, which may be selectively actuated to close cylinder 10 to
communi cation with the 5 mani fold 12. . The mani fol d has
a branch fitting 18 therein, by neans of which the mani fold 12 is
coupled in gas flow communi cation with a branch - purge line 20
havi ng inert gas purge isolation.valve 22 therein, 10 wher eby the
‘mani fold may be purged with inert gas, prior1f% active operation-
delivery of gas fromcylinder 1 tream_ fromthe fitting

18, the manifol d dBRteHliRder \1(9 's connected stec%éE%n'fFéd g'b% havipgr dispesgdd 30,
internedi ate of thﬂ?em icylindernaihvesi 12 fdbcontroliabiy ﬁﬂqasm tg@ﬁdme?nrﬁibrmhl ch

[0 about 25 pei 40 u%sﬁeg‘"%’f"ss‘é?ﬁecwmerdﬁala?% SR8 Wl el BeC of

gas filter 30 vxselschvely actuated tor closé ¢yllndengI(Btb communication owitipithe a

bypass cgndui t 20 - bypass isol ation valve 38 therein. The
mani fold 12 downs reamo’f ' fitting 34 has a gas flow on- off val ve
40 therein, downstream of which I s disposed a nmass fl ow

control l er 42 forTheMaritdldbhs aaﬁhan&hlfmct hs therem by mehhe\eesfrvmehqhet he
hydri de or hal ts ferm nus

t d t
downst r eam of hﬁe@%fdoa/lzi egfs’feﬂpllegr "h% ﬂg Jnﬁﬂmmracqttorzgwth q ?'@Bﬁ ect ed
by coupling fitpurge Jinet BOdha\pagsmegt Igase pafgé iisolatioh| valve 22 therermt rol

Commin: 1o, P, EThd 1 8By L3 gy sowe

di scharge line qnera@oasiewewmfmﬁemeymderd .source generating
nmeans, schematlcally shown as el ement 52. The other end 54 of 30

di scharge line 46_ma e suitabl J ed as flow conmmunj cation -

wi th anot her gaa GP‘!’E@R' ftﬁ@'ﬁ |¢£bﬁ@eom% s &Pptains jtwo -

gi ven end use aau&oesslvecgasnnuarheaFamm intetmediate ahwhich iy disposgdtem

appar at

PUT/ USOL? 13040 Pressure transducer 32 which may, for example, have. a pressure -,
: operatmg range of from about 0 to about 25 psia.

The manifold* 12 is connected:-downstream of gas filter 30 with a
branch fitting-34 to ‘which is coupled a bypass conduit 36 having
20 bypass isolation valve 38 therein. The manifold 12 downstream of
' fitting 34 has a gas flow on-off valve 40. the;ein. downstream of which
is disposed a mass flow controller 42 for controllably- adjusting the
- flow rate-of the hydride or halite gas dispensed through manifold 12.
f"':nts,termmus downstream: of mass flow controller 42, the manifold 12
;. connected by coupling. fitting. 44 to- dlspensmg 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 to-an ion source. generating
_means, schematically shown.as element 52.. The other end 54 of
30 - discharge line 46 may be suitably coupled in gas flow communlcatlon '
o with another gas dispensing: means, as desirable or necessary in a
given end use application of the Figure 3 storage .and delivery system
apparatus. SR |

25
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Fi‘gure 4. shows the delivery lifetinme of a 4X nol ecul ar sieve (2.35
liters) in an arsine storage and delivery system apparatus to be -1000

hr. at a fl oweoedf7es 1 sccm 5 , The lifetinme test WRETASSA1304020
using a storage and delivery -+ 'system apparatus simlar to that
schematically shown In Figure 3. In addition to the safety
advant ages, the zeolite storage technol ogy of the present .
invention allows for a greater quantity of delivered gas. 10 Table 1
bel ow shows a conpari son of delivered hydride fr10/m typi cal hi gh
pressure sources to that of the storage and deli %ry system 15

Table 1 ' I very conparison of storage and delivery system
cylinders to a F'QUfe4 shows tha dalivary litetime ff & 4% molgpuiarseieve dRe36:
del i vered) 20 liters) iraA arsine sté@%&%ﬁa%ve ry 4§Stemh aﬁbﬁfﬁiﬂ@&d@b‘ V100
system 2.3 Liter atafl ? g?gccdellvery system’ Arsine -

6 4(r- at a flow rate 225 25 Phosphi ne 3
18 105 Si nce approxi mately 5-20

Lires o mu hYr! Somms i A68°wBY Sbhcucted g el o ehlury
required, thereby yiystem @mﬁuﬁmﬂar {o that SCh%ﬁ@l!ﬁﬁi%lSth!ﬂ ¥ FiguiEe Bapl ant

tool . Additionall y, Ssince nost acci dent s WI th gases occur during
cylinder changes, saf et ts f her
storage and del i very 8 '19;} V?H @ﬁba‘e zeolite storagpn\%:bng lagy

regi ne, the safety dsmptamlnmmuohmlmm adgreatar quantity of deliveredsgas. of

Mnvest gat dp °Eﬁ2'sp 8 TR0 Aol o, EFbaiSh gl L huigy fom el |
the fol |l owi ng equathighpressure sources to.that of the storage and delivery system
PCT/ US95/ 13040

15 | Table 1

. Dellvery' 'comp'arison of 'storage and delivery syit'em‘ cylinders to a
) standard high pressure cylinder (grams. delivered)

Gas 400PSIG15% - 440 mi storage/delivery system 2.3 Liter
storage/dslivery system

Arsine 6 " 225
25 Phosphine =~ 3 ' 18 o 105

nce approxumately 5-20 times as much hydride is delivered by
rage- and- delivery system than by standard cylinders, fewer
cylinder changes are required, thereby vyielding enhanced
productivity of the implant tool. Additionally, since most accidents with
* gases occur during cylinder changes, safety is further improved.

30

35 ' Since the storage and delivery system operates in the sub-
| atmospheric regime, the safety aspects related to an accidental
incursion of air into a phosphine storage and delivery system cylinder
was investigated. Pho_sphirie spontaneously reacts with air as shown
- in the following equation: ' -
0 —F——
Sheet Has Been Reilaced

Hll\l\\ T



18 APH err] + 8Jerr] [err] Plerr](err] + 6Herr]O

[err]H err] of Plerr]derr] = -720 Kcal /nole 5 A t hreshhol d
concern a 9?{,w3§| ve expectation is that the excessive ramsﬁfﬁﬁo of
reaction woul d cause a |arge pressure excursion @ry-even a -

detonation in the cylinder. However, it has been determ ned that the
“event—of—ingressing air is of a manageabl e character since nost of the

'S 8hdel a3 ted heat will be adsorbed by the'zeolite substrate. 10

Fi tenperature and pressure rise during the

e Mkfl lling of a 0.5 liter phosph8ne storage and delivery

S ' air, as a plot of cylinder press , In Torr, as a
function of tinme, in secopp$ .|.150 ....... J.Js.tlyq f@uq.e ?@stem t he
initial pressure of the phosphine storage _ . ~and delivery system was -
50 Torr. Upon backfilling, the reaction t’errperature was nonitored
with a thernocoupl e |ocated iAHfdd P4©10 = -720 Kczdfmgbe and delivery system
cylinder. The reaction with air caused a ‘tenperature rise of
35[err] C inside the cylinder. The cyl.i nder pr essure 20 was neasured

using a dapaci t andethresbboldecancarns and dntuitiverexpectation is thatdhwexcpnfsshaeu e

recorded was - r eis a
result of the i ncreaserga%ﬁa(}?mﬁﬁ&%%ﬁe éslﬁrge pressuhe_laé)&\(l erl nell?\§€rb%
left us to conclqmam'rtﬂ?e %Mlmdsaclttquesf itzhas been determtnedlthgt thged -
Ehos pgl n$ hSt or agvenndf igréssing awstctra managéalle?c'iwaracter sﬁio@“ﬂnﬁ:bﬁéffgg ?fs ety -
azar e arsi was_ n :
slowy with air rggulf & Q%’Fﬁf@feﬂb 'i Be aéjsorged by thq.,;epﬁ?tgesﬁhqt@;g.e was ‘
measur ed@ n a stRigurge Sarshows ither ;emperature any JiressaeD aise Uduririg tive tyloef :
shown in Figure e n.rate o
ar si ne fromgt hees% %ﬁg‘gégﬁ iiilrcttsdé m%OOf a od‘?al"lt%re&' %ﬁ{a‘%@erﬂﬁ@f?@&e%d

found to be 3.8System Wwithioomnair.cas a plot of cy deropq&ssum in Tom fag atie was

3 orders of nagRifdtidh SFHUME/ intderbnigat cal cul ated from di f fiusi on
equati ons. 1t is suspected that the appar at us ' used In this
experi nment gave an erroneously high em ssion rate due 35 to an

educti olSeffect. Nhotie Figures sysiem, thepinitiahpressuire f the phosphine storage
PCT/ US95/ 13040 gng - gelivery system was 50 Tor. “Upon: backfilling, the reaction

temperature wa:: monitored with 2 thermpcou_ple__ located inside the

storage and delivery system cylinder. The reaction with air caused a

temperature rise of 35°C inside the cylinder. “The cylinder pressure

20 - was measured using a capacitance pressure transdnc'er The .
maximum pressure recorded was ~ 800 Torr. The pressure rise
above 1 atmosphere is a result of the ‘increased bed temperature.
L expenmental data left us to conclude that the air backfill of a
used- phosphine storage and. delivery. system is not a

25 t safety hazard. The arsine case was not investigated as
acts slowly with air at.room temperature..

v Hydride. release was m',easur'e-&ﬁ_.in. an storége._ and delivery

‘system apparatus of the type shown in Figure 3 and described

30 . 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 mag_mtude larger than that

~ calculated from diffusion equations. It is suspected that the apparatus

used in this experiment gave an erroneously _higl'L_-emi'ssion rate due

35 to an eduction effect. Nonetheless, this experiment gives a worst



case emission rate that is still 10[err] times less than a standard high
pressure cylinder. Figure 6. st :
gas cylinder weébgyfrzen arsine storage n(? delivery system 5PCTNUS95/130401 he

purity of the arsine and Thisgheshiigzee e storage and delivery
system of the instant inve ' M ional . The only
significant inpurity detec The hydrogen |l evels are found to
vary between 10-1000 ppm Since H2 is currently used-as a diluent in
hi gh pressure cylinders its presence is non-problematic In terns of 10
operational efficacy of the storage and deli very1%ystem apparatus and .
met hod. Gas chromat ography and mass spectroscopy have been used -
Td oI verify the pu&i ltoasa‘ etriissiory datecthat is still 10-5 times lessTthars acstagdamh High "
el ivery systemdel Ve relne 5 . sphi | Sl | bl e
with the ion inpl arké%@%ﬁy@@égs%&f@ 8 shows%@ %ﬁf"y@?f%ﬁ %a{tgﬁgg# om
split lots have beegasstylinder yersus anarsinestarage and delivery system.i npl ant ed
with As and P fromthe storage and delivery system . conpared with
those inplanted with and_P from standard  sources. 0 The
storage and el ivery f@%t%p’ﬁa&ﬁ @siagqJand: esahm?héom the storage, &afd on
t][wﬁ, IOL ovide a si grﬂéliﬁﬁy\;gmmfdrthél instarftt invention tiseexceptiohal. The onlyise
o] i gh pressure g X - OaJ :
ViafitcaRtifiplrbp etecfod ISPHBHITRE fyBrtRi BB, B found to

hydri d d hal i de HLLHEe -

Cransport. store arknidetwesn 19d100R:PM Sinae Hpiis cuErenty usedas g cluent in 25
. stor bty Py Si é

o e ea e an b StessudA S indiRs e pfUsBREK 36 ndrlBloliElE intéfms of

suitabl e sukfbort naREratenal eflorcyof 168 starage andeliypry system aparajus and
reduci ng the pressungtheld. IGasl Bhromatogephynandi AiBESSPECtivschpy Shave Heen

Wth only |ow |l evel heating.of the.sorhen erial in the
practice of the pr oiﬁ@‘liﬁ%ﬂ?t%)pf e—b)ﬁqﬁ? thermal |y assisted
delivery, it is possible to augnent the delivery rate of the desorbing

gas, so that flow rates U 0Qn§CC, hi X di Lag:
achi eveabl e._ Nonet hel essfﬁ%j E‘?‘}é’%{’egngf dg;gz@ggél Fg%r%&' gr[e@v.égg i e%/'éeél < n'agg
the broad pfacti ce pitosphinepisduliy,compatible with the iomimpiBatationqrecess.oYield
PCT/ US95/ 13040~ analyses of wafers from split ots have been shown to be identié8! for

' those implanted with As and P from the storage and delivery system

compared with thdse implanted with As and P from standard sources.

20 " 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
tﬁhsport, store and deliver hydrides from a cylinder or other vessel at

25

fo. psig. The invention is based on the discovery that hydride and
alide: 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.
30 "~ 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 delivefy are achieved in

3B the broad practice of the present invention with adiabatic operation



(no suppl enental input of heat or thermal energy to the sorbate-|aden

sor bent nediun), sol e differential existing between
t he sorbengogass® and] ressure of the sem condpCrUs9s(10040
ot her industrial or ma rocess, such as ion inplantation, 5

nol ecul ar beam epi taxy, and? chem cal vapor deposition. . The
apparatus of the present invention . may be readily provided in a
unitary apparatus form as disposed in a gas cabi net containing a

multiplicity, e.g., three, sorbent vessels, each manifol ded 10 ,
together for selective delivery of sorbate g fromone or nore of such

vessel s. The cabinet may further include therein |ndepende
t her mocoupl es, o supplementaldnput pfcheat ofitheymal gnargy &g §p§p@ﬁquaden

and’ conponent s gfbehit AVl .gsdlé by the Egasshré tferential exlem@ Getween

The cabi net  may TEIRP °”e?;Lg? tam&tﬂaa Gsod Plassid B el §6EHondtidtor (or

el enent for sel omervlndastgabot manufaciuring) procdss, suel essicm implantatian, _
t herei n; sprl I c gas

noni t or |ch fﬂﬁéﬁ%ﬁyﬁéo st b\%ﬁut hé@%%'ar gg cHe\ﬂt Ooxic gas is 20
sensed; a scrubber or .bulk sorption device; -and redundant pressure

and tenperature cont "mle %ﬁﬁ?atquh mécfbréséﬁtorimtwm may! t:eryreaduly
syst em appar at us

er 500 sccm at, 15" p
readily attai naBT@’E gunﬁary appa%?qs ?W ' pé?qoé&dp'r"aétg GE’
i nvention, the eohtachm@asnumplncuty,eg tinee| setbem'vesselsneachmmamfaldedl d of

Lo RGN BT e galvery sorsds 9°€LS°€€ CRHE o7 S B AR,

whi ch is insuffvessals. t Theecabinetc may further mcudeortbareangm«apermru

storage and di Sﬁf‘é?ﬁtd&%u f’e%s‘adr othﬁ' %ﬂ@b@tﬁfﬁ sensw@ﬂ’ﬁéﬁ&élmué;%eoc

medi um of such e 1s

Corpany ( Loui svandecormyne@ts Bt'ﬂ@e?‘f%ggatﬁg of the vess@grgg whi.c_h
is a synt hetic etﬂernmermtlwmdmsefmea as babinet nulse thereof.

(Cag e Na[err]O)[err]AI[err]CIerr]ZSI err]xH[err]O V\D96/11739

PCT/ U89 13040
In this respect, it Thet caltinet anayi adchtlomaily dngjude| eafusmjeebelncbeater

the sorbent mat gignidntFor 3Blectivd HugriitileShedling of &5 Vbssdls B borberieS
thereln a sprinkler system; an. exhaust heat sensor, a toxic gas
monitor which functions to shut down the apparatus when toxic gas is
- 20 sensed; a scrubber or bulk sorption dev:ce, and redundant pressure
and temperature control means. With such an storage and dehvery
system apparatus, delivery: rates of gas. of 500 sccm. at 15 psug are
adrly attamable : .

In the preferred practloe of the |nvent|on, the solid- phase
K sical sorbent medium is devoid of trace components selected from

- the group consisting  of water, metals,. and oxldlo transition metal

v | species .in-a concentration. which- is. msufﬂcnent to decompose the
sorbate gas in said storage and dispensing vessel. A highly

30 advantageous sorbent medium ot such type is commerclally available
from Zeochem Company (Louusvulle, KY) as Zeochem Binderless 5A

sorbent, which is a synthetic calcium aIummosullcate of the formula
(CaO-NazO)-AI203°28i02-xH20

25



tends to pronote undesirably high | evels of deconposition of the

sorbate gas. In nolecul ar sieves and other materials which lack such 5
"cont am nant sWO %é/d739sor bat e gas degradation levels, and PCIUS95/13040
correspondi ng pressure |evels are nmintained at correspondlngly | ow

val ues. Concerni ng nol ecul ar sieve materials nost specifically, a

| arge nunber of such sorbents invariably contain clay or other

m neralic binders which contain the aforenenti oned deconposition 10
pronot ors, ‘whi ch undesirably degrade the performnce of the storage

and delivery system apparatus and net hod. 21 By way of
exanpl e, the above-nenti oned bi nderl ess Zeoch mat eri al has no

det ect abl e metal |ic i npuln tisEespggt, |ikisdorke n@?ﬁd that tﬂ%m(ﬁmeﬂreﬁﬁﬂ‘&dﬂ ar
sieve materials, e.fhe sérbéﬁ?n‘fa‘teﬂ@lobﬂé hietef metals, or, traﬁymahambtaloﬂaesmt

of iron therein. In_consgquence an er S zeol i, Lbits
deconposi tion |evel t:,er\ﬁﬁl fbnpé‘?@o@n ﬁ@s'&? ¥y h@ (?Lﬁ °f decompost ° /9€
arsine (in an arsi nsorbate ggs. ammaled:ulaesmvesandrothqpmatanais which lack such
cont ai ni ng sgch zeoJ. eal e de te bi t 0
deconposi ti oﬁ | evel sd o?a R‘?"‘Fﬁ‘ \M%h% é@a&@ worgéﬁrag’%ﬁ I"f ewg‘?él%’t hsgn&
of a percent of theCoirespanding pressuravavels aee maiat@inask st geaespendingly low

pressure increases y e c |
than 5% per week, anQt h%sﬁﬁmnggﬁﬁ&bbalar Q@g%g?bf&m‘f@%ﬁ@ét %&lﬁ@ﬁﬁ( a

I.N N
metal components) & Aumbee UISE@}FI §%@38$3 Q"W'%'YGE%taﬂbrc'ﬂ)ﬁyof pther 4
correspondi ng storaMeratlc dsthders whiths tomairp the atforementioned decompostrhe

The i nvent i 80 1 ner orarotRn TR udbeF el Regbiag e Bertapmance of He'Sioids 7, ,

by wei ght of trace augrdelivarysystam apparatusand-methasip 30 consi sting of
wat er and oxidic transition netal species, based . on the . weight of
| ess t han

bar L berni 11 on by we BHIEYGRh eerRlpclte: ebavemertioasy bindariess Zaochem
per-mllion, and mhteﬂatf EH@' onCdétaélablélaﬁnétam%rtmnﬂéé ! Iwnué)y other
‘IQBC'T? Btsgg; 1; ge CONESHventional mo(i cular rsnoer\]?et mgteq'la?su,peﬁorl éet .32 zeohtgzhas a
wat er and oxi dic trwbstamﬂai amouant ebironctherdinschh consdtueneeg lihe diindéntess
physi cal sorbent ”‘“‘%dl‘i’i@ exhibits decomposition fEVelsCRRARHAREbM the HrdeP bt dpBlese
physi cal sorbent
1-2% of arsine (in an arsine storage and delivery system apparatus
containing such zeolite) per year, while the Linde 5A zeolite exhibits
20 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
.-tham. 5%. per week, while the Linde 5A zeolite (containing binder
metal components) exhibits pressure rises of 9 psig. (60%) per day in
& corresponding storage and delivery system apparatus.

25

The sdlid-phase-'--physica_l sorbent -medium in the preferred
v practice-of the invention therefore contains less-than 350 parts-per-

- million by weight of trace  components selected from the group

30 consisting of water and oxidic transition metal species, based on the
weight of the physical sorbent medium, more preferably less than 100
parts-per-million by weight, still more preferably less than 10 parts-
per-million, and most preferably no more than 1 part-per-million by

weight of trace components selected from the group consisting of



5 concentrati OWH‘E‘MS selected fromthe group

consi sting er and oxi‘g& transition netal species (e.g.,

oxi des, SWydiokBFr3fNd pis Sheet Has “‘r § based on the wei gh}c?fus%ﬁfsmo

physi cal sorbent mediu - \ \ erably is insufficient to deconpose
nore than 5% by wei ght nﬁm = \ ._ sorbate gas after 1 year at 25[err]C
and said interior press ' In sone applications, it is

desired to provide gases deriving _ froma storage and delivery
system apparatus at a hi gher-than- di scharge pressure fromthe
storage and delivery system sorbent - 22ont ai ning vessel. In such
I nstances, venturi punps may be 15 enpl oyed which raise the pressure

. of the suppli ed water apdoxidic dransition metal species; based endhe aveight dhtile at t he

cylinder head (gp g??al- { adium. . contai ning the sorbent binding the -
gas being di spe?sgﬁ . %f‘t‘?ﬁgﬁed“‘m such ventuti punping arrangenents

yield the dispensed gas at the sel ected hi gher pressure |evel,

such arrang_emﬁnt s. nor@MMi@y,aitheﬁéblid#p_hasél.iéhvdiﬁl_ sbridift Aitdidy N9

5 perses, {1 oAl ot vagh Sl olected 1O e Srod el oy
ef fect representof watet amd foxidic transitionr metel speciese(e.g., oxides, Sulfitéd angr ocess -
system in inst S i ri 1S, 25 sired from

t he storage andﬁﬁﬁlé\s)/év?gé%d;@mtggpgir&aqﬂt}s%l\ﬁgh?hyﬁ']&?' zssorbent mgg'b'ﬁbs may

be used in pl ac®referablyis insuffigientig desamposeumore than 5% byreighti afthepunps

entail the di sadusite Pasifter €N dti Z50C aRl Safd iférior pressure. moving parts,
whi ch cqg cause probl ens associated with the ~tormation .of "
particul’'dtes in the punp and/or entrainnent of lubricants. 30 :

:jn.l such inst ?nces, V\Aheseméjeppﬂsa_tinmsplii-_isddédrémgospt@vae r?aﬁﬁs deriving-
elirvery syste a | r a I ressure
in a high puri ﬁ/@nﬁ?g‘t _E@ﬁgét%,J@ﬂg&gﬁgﬁeﬁcﬁﬁpﬁg@sc@cﬁ)ﬂ?‘rﬂﬁ?ﬁjﬁ‘an' '.
assenbly in thedischbargg: paessure| from thes starage sand rdeliveryrsystem 3orbent-

g%\{_ ?3%89223840 containingOv88ééil 73th such instances, venturi pumps may e
Fi gure ? is a sEﬁ@'F_BX%WBmEéﬁ? the p&?ﬁ”’ecﬂf@%ﬁpﬂlie" gas to a sglgcted npi ng
storage and del pressyreyieveinaboper thaisatl@he eylindeti head. (of the cylinderf urt her

-enbodi ment of  t Bgnialh{Rg thE'Sorbent binding the gas being dispensed). Although
such venturi pumping 'arrangerhents. vield the dispensed gas at the
selected higher pressure level, such arrangements nonetheless entail

- 20 dilution: of the- gas being. dispensed with. a carrier - gas, since the
carrier gas is entrained with the dispensed_ga_s from the cylinder.

"Such-_-*:-:dilution—' :éﬁect represents a s‘ignificant 'cbnétrain_t on the
I process: system, in instances where-neat gas of high purity is

25 d:from-the storage and delivery system apparatus. Mechanical

‘pumps. may be used in place of venturi pumping means, but

mechanical pumps.entail the disadvantage of a 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 p_urity," neat condition, the provi_sion of a. cryopumping
assembly in the storage and delivery system: appatatus may be
35 advantageous. ' - '



5 In the cryopunping system the main cylinder 102 cont ai ns

a . suitable sorbent material (not shown), e.g., nolecular sieve,
havi ng - wo9619sded thereon a suitable sorbate gas speC| eSPCTYUBS5/13040
subsequently - di spensed, and is eqU|pped wi‘th a val ve head
assenbly 104 10 i ncludi ng main cylinder valve 106, which is in the
"of f" position at the ' start- of the di spensing process.

The val ve head 104 is coupled to conduit 108 containing i sol ation

val ve 110, mass flow controller 112, isolation valve 1 14, and 15
cryopunp 116. Conduit 108 is in turn coupl ed t 0 &bndui t 109
containing isolation valves 118 and 122 and product dispensing
regul at or assenbly 130 havi ng di scharge port 134 coupleable to a

downst r eam process syst u,@orpe% tg tsggem;@wﬁergggdi@ avigdi 8fM such
pressure storage vessel 120.

116 c | ed
o eondui & 108" 5 ERGRUSANG; Rfrage and delivery sysIPN APRIAUS 105 AscReiing
sui tabl e cryogeni ctd adurthepemblodiment of the idvihtion. and a liquid
nitrogen ouglet 126, with a liquid cryogen flow path being
provided internediate the inlet 128 and the outlet 126 which is 25
circumscribed by heati ndnthesryopumping systarowthe main,cyijnder d0gogenmtains a
inlet and outl et OE?RMecéat‘B@HWnéﬁYapgn&%ﬁthﬁ)y é. gr "Hdietliat §9ﬁ Cﬁa\ﬁﬁg

l'iquid cryogen, ation |nst

exa Fch alr se
or a cryogenic cyI! thareen amsuft % 3t RS, SBCIBS ntor be oBH
cryopunp thereby f dispenged; yarid dp egoippeduwitiiha valiveethead tdseearfbly 104

IR, L8, RSO A o (A T, 00 4 08 5 B

val ve 122. start of the dispensing precaessansducer 111 is provided in
conduit 108 and is 35 coupled in pressure nonitoring relationship to
cylinder 102 for WO 96/ 11739 .

PCT/ US95/ 13040 - The valve head 104-is coupled: to conduit 108 containing

moni toring of prespelaionvalve 190! hf%%rﬂ@@@ohﬁémnﬁa’ﬂédlaﬁén%Né“gﬂhand
hgf’: 32;3”45{ \elfn 128mump 116. * Conduit ?8& is i lt.u!nor}:oupletc{]eto co 881? ?88
containing isolation valves-:118. and 122. and: product: dlspensmg
regulator assembly 130 having discharge port 134 coupleable to a
downstream process system. Joined to the conduit 109 is a medium
pressure storage vessel 120. ' |
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
vided - intermediate the inlet 128 ‘and the outlet 126 which is
riscribed by heating elements 124 as shown. The liquid cryogen
“Thiet-eind 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
30 cryopump thus. is- provided with an:isolation valve: 122, and the |
medium pressure cylinder 120 is isolatable by means of the isolation

valve 122.

25

A pressure transducer 111 is prdvidad' in conduit 108 and is
35 coupled in pressure monitoring relationship to. cylinder 102 for



5 schematically in Figure 7 is illustrated belowwith reference to

sil ane as the gas sorbed on the sorbent in cylinder. 102 and to be
del i ver edy, 96/11739 at suitable elevated pressure, and nitrggfms 551 S
cryogen to enpl oyed as the working fluid in the cryopunp 116.
Si | ane has a boi ling point of -111.5 degrees Centigrade and a
melting point of 185 10 - degrees Centigrade, and nitrogen has -a boiling
poi nt of -195.8 _ degrees Centi grade. Si | ane has-
been selected for illustration purposes since it is . relatively

difficult to deliver at suitably elevated pr@4sure (in relation to 15
ot her hydridic gases such as arsine which have higher boiling and
freezing poi nt smonitaring of prassure indhe cylisdeéryand repponsidelyi adjusting the

cryogeni c cool ij V red). : . If at the outset valves
110, 114, and 1§g'a§r6gq%|cl)e€1w§mth val ves 20 . 118 and 122 being cl osed
and under vacuum and the tenperature in o t he cryogenlc punp is

| owered to liquid mTﬁ@mréﬁmebﬁttHéestoragéaaﬁd delivery. nse and

exl st
control | er 112 as thevgas sorbedwon theasde!erlrh eglinder 102 and to befdéhlverewant ity

et Srmi nat i on. 1 S ib0atcl® pPdaaR "Bod fitodlh'as, the crypgeR° B0 ©
cryopunp is desﬁmabr;'?daﬂ%mﬁwormﬂuldulfhthﬁbsnemmgp ddfdi Silane, has a

LS s ot sy Gl widdy i o
Af t er tﬁ’e corr raggs m@@&e?rﬁﬁf%rb@éngopﬁ’m of -195.8

cryopunp 116, tdegrees \CGentigtddend 114 are closed.. The condensed
silane then is warnmed to near anbient tenperatures. The heating is 35

carried out by the heating neans 124, which in the ‘enbodi nent WO

96/ 11739 ' Silane has been .selected- for illustration purpose§>(§rm¢é595lﬂ3040

25 heati ng
TerRtery Uticlf fo Mfidel @bkiitabl gfﬁgaféa H{#é‘%u?é‘gp%!]étﬁmbfb

have 1 9%he. hentier BYGId aasescwuRiascarsine wWhit Teus: NiBheT Aelingand) of

t he product gasréezmgapdimwmussnidﬁcWo@bﬂﬁﬁﬁérycﬁmmﬁe&%th feks
cryogs e coolmg bemg required).

If at the outset valves 110, 114, and 106 are open, with valves
20 118 and 122 being closed and under vacuum, and the temperature in
the cryogenic pump is lowered to. liquid nitrogen temperatures, silane
WIII condense and-freeze in-the: cryopump, even-if relatlvely low
' _~sures exlst in the supply cyhndet 102

jé-mass ﬂow oontroller 112 allows for accurate« determmatlon-'
quantity of gas: being- transferred to the cryopump+116. Such
; cél'Jratee.det_ermmatlon 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
30 - pressure in..the.éryopump can potentially-become:-very: high.

25

After the correct amount of gas has been transferred to the
cryopump 116, the vaives 110 and 114 are closed. The condensed
silane- then is warmed to near ambient temperatures.. The heating is

35 carried out by the heating' means 124, which in the embodiment

fr eezeI [ tthgescr%ogu ')eﬁ\éﬁ}'a'ér? s; |§§|us?ra¥ed %elow wnthl-ﬁ%fe Ynt er na If.)r essures
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5 may result in the occurence of degradation of the silane gas with
consequent adverse effect on its purity and further stability.

The pressure Wp ,? P38 | ane gas after the warmup in the PCT/ESo%/25046'P
may become si gni |cantly el evated, and effectively the gas 10 t her eby
has becone conpressed, in a high purity state, and wit hout

exposure to a nechani cal punp with many noving parts which may

otherwi se result in contam nation of the product gas. The

i'nventory of gases in the overall systemmay be quite |ow 15 at this

point, with nost of the silane residing in the 80rbent vessel,

cylinder 102, at |ow pressure. Openi ng valve 118 will then

allow gas to flow 'slmwntd:mnpﬂsb (band heaters byt eeuldr bec ahynsuaitatii@oheatingal ve

122 is open, then el %@p?%ﬂ:ﬁsﬂ%ﬁﬁéu@ﬂsemce the sfléﬁ%"g%% ddci&‘s ﬂﬁ’t"ﬂféréﬁ?m

process through dISC arg
noni tori ng neans (@& ?é\ﬁaﬁﬁ%&hﬂb)tem%ﬁuéﬁ%@"d the Stab"Wﬂﬁ Aty of

regul at or assenbl ythlﬁ@rodﬁbﬁ bS 30 b aispéﬁsedrbé ynéraay fmhanced smce heafing at ed
pressure trgnsducer 132 wﬂ ht ¥ er&t of h oupled in th.?
overal | sys?em wi t Ma¥Esyit D, the, W}Q'eﬁﬁﬁ 989(#@5“?5 the sligng. das Wik o
that the product gecnsexjueat adverse effech ordtsopurity and further stabilitg.ur e and

volunetric flow rate. Correspondi ngly, the various val ves,
mass flow controller, yopunp, transducers and regul ator may be
operatively 30 |nThecpr|eﬁeuteewf|ihlears;laea| gas| afteriher wammeup tm the
cycle timer, and ¢ ryopump rﬁb?%%%n?é‘fsq;ﬁﬂ@fﬁ eé[&vatba %Bréﬂé&ﬁ/e fhe gas

| ahe or or ate ases

denand- bas deliv
readi |y cohfroll ab‘lﬁé}l%t%lhas become Fempéﬁﬁﬁﬁdml'% ighepurity state, a“%‘@@PIl?BQ

PCT/ US95/ 13040 - exposure to a mechanical pump with many movin E parts whi¢h may

e 0L 5 ARl SO DO G e

with downstream process flows. Si gnals fromthe mass flow controller

I.n

and pressure transducerppé ng %r&lin éﬁ'fﬁ'ﬁ‘ié‘y be qunte |°“y anks
can be useﬂ%l n an autth?mate pr. SS 9}{ste nl
cycled to Wve gaststhis gRint with: gost, mselenwes é?éﬁ?tﬁ?"bent vesse

cylmder 102, at low 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

20 ~ can flow to the downstream process through discharge port 134, as
' monitored by the monitoring: means: (e.g., flow pressure) associated

- with the regulator assembly 130: The: regulator assembly 130 has

. associated pressure transducer - 132- which, may be operatively

led: in the overall system with the other valves and cryopump

25 'f_"""nents so that the product gas is delivered at a selected
pféésure and volumetric flow rate.

o Correspondingly, the various valves, mass flow controller,

cryopump, -transducers and regulator may be operatively

30 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 and
reproducible manner.



t he nmedi um pressure cylinder 120 to nmaintain a constant pressure at

the outlet of the regulator. 10 EXAMPLE 1
Deconposi tyw@lasAi7sdr si ne gas in a storage and delivery cyli nqgirmses/izoqo
was conparatively evaluated for each of two nol ecul ar sieve sorbent

mat eri al s: Linde 5A nol ecul ar sieve (Union Carbide Corporation,

Danbury, Connecticut), hereinafter referred to as Sorbent A and 15
Zeochem 5A nol ecul ar si eve (Zeochem Louisville, KY), hereinafter
referred to as Sorbent B. Each of Sorbent A and Sorbent B are

synthetic crystalline cal ci um al um-nosilicate@6having 5 Angstrom pore
size, but Sorbent A contains a clay bindef whereas Sorbent B is

" bi nderl ess. - - Accordingly, ithe nperatian iof the isystem\schematigaliy tshiosrn ve

analyol s, Of thein Figurg 7 O i6.igd S0/6URIY daribhd b oy oeo 11
concentrations [With dawgsizeam prgcess flows. éﬂig.na from the ma weontrotier
PCT/ US95/ 13040 and pressure transducers in the -c%opump and mediun? pressure

IHP

TEDle s ian@adh b IR iy SPRUSHC phBR THeC5qoptimg "

parts-

Sorbent A cambmqyclw 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. - |

- 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,ﬂ;
Danbury, Connecticut), hereinafter referred to-as- Sorbent A, and

156 Zeochem 5A molecular sieve (Zeochem; Louisville, - KY), hereinafter
referred to as Sorbent B. Each: of Sorbent ‘A and Sorbent B are
synthetic crystalline calcium aluminosilicates having 5 Angstrom pore
size, but Sorbent A contains aclay: binder:whereas Sorbent B is
binderless. - - - R SR ETU AR

| ~Set out in Table: Il below is: a: quantitative. analysis of the
Sorbent: A and. Sorbent B.showing:the differences.in composition
thereof, where: the part-per-million: {ppm): concentrations listed are +

25

30
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exception of

5 Al um num maj ora maj or Bari um
<372 < 301 Beryllium. <372

< 301 WO $6t 1939 m maj or NepEI/US95/13040
Cobal t < 372 < 301 10 - Chrom um

< 372 < 301 Copper : <372

<301 | ron 3084 < 301

Gal lium . < 372 < 301 Magnesi um

556 < 301 15 Manganese < 372 <
301 Mol ybdenum T <372 27 <301

Ni ckel < 372 < 301 Phosphor us

< 372 < 301 Lead < 372

< 301 20 [ alvaie ir

Tin

< 372

< 301 Vanadi um <SdrBent A

< 372 5 < @2%' Zirconi um iord <

<301 % i AUtgRUm | 21, Tgjo 15ngr %
Al umi num Barium 19.11 - 13230 % €30di um :
7.21 a maj or her erring to g heast 5% by
‘wei ght, based on t%é@t"o al ' wei ght %féf%e nmol ecul ar geve 35

WD 96/ 11739 Calcium - - major . mMajQT/ US95/ 13040
28 ' Cob4t shown by the data igagfable |1, Sorbgpy B contained
trace a nts, (defined here as ano s of less th about 500 ppm
of the 10 gﬁﬁfﬂmﬁl’é’b conponent) of al‘flé%éasur ed el en’é%ﬂé with the

Coppet he nmj or conponent s< 872t he nol ecul @a304i eve,

cal cium al um num"@ﬁjd 3084 < 301
Gallium - <372 < 301
Magnesium 556 < 301

16 Manganese < 372 < 301
Molybdenum < 372 < 301
Nickel < 372 <301
Phosphorus < 372 < 301
Lead <372 < 301
20 Silicon major- major
Tin <372 <301
- Strontium < 372 < 301
Tltanlum < 372 < 301
_ ' - <372 < 301
25 3 Zice < 372 < 30t
““Zirconium <372 < 301
» % Silicon 2119 19.70
% Aluminum 19.11. 17.39
30 745

% Calcium:

7.21

& major here referring. to at least 5% by weight, based on the total
weight of the molecular sieve

35



5 silicon, while Sorbent A contained a significant anpount of iron
(3084 ppm and slightly nore than a trace anount of nagnesi um
In the cogRrfgd test. of the two sorbent materials, each of

I denti cal gasnéy inders was. filled with a respective sieve q"e]?’ls’alﬁo“fo
(Sorbent Ain a first cylinder and Sorbent B in a'second cylinder), and
the sieve materials in each of the cylinders was |oaded wwth a sane
anount of arsine gas. After the | oading of the si:eve materials in the
respective cylinders, the pressures in each of the cylinders was
nmonitored for pressure rise due to deconposi28on of arsine by the 15
reaction As - As + 1.5 H2 , since hydrogen is not adsorbed by the

mol ecul ar si eves. SLM;I shiownt byithg datakinpTasle it Sorbest :Biicontained trace

t enper at ure.

TR 1 o otoed vy iy il i oo,

in psiais pl otﬂmlflﬁg eomponent) of alluneasmdoe ememserdth thezexceptiomotf es. As

tsﬂgwnaby t hfhg'tgélﬁlﬁﬁjgﬁ beigﬁ:r?tﬁglnﬁ of the moletifar giéve, f&laﬁms %;Urﬁu dSLr gf
gas

rose to appr oxﬁm Ei'!!'? g rhent R%ﬂmaé"ed a S'Q"R'Gﬁmlémurﬁlﬂf\lﬁ%‘g 3084

pressure behawppmpand Bugmysmone tiran atracecamodht of magnesiairgi ni ng Sor bent B,

shows no pressure rise over the sane period of time of the test.

The performance differ ences exhibited by the respective - Sor bent s

A and B is striki ng lnftbe camparmn ﬂeﬁtOfvmel M@tﬂ@@bmtsmam)‘!als each of
conposi tional | jge ’Zghn&él'ﬂ éH v&nﬂ‘ﬁ ﬁftbénsfe(lécﬁ\atgnal
ubst ant a

concentration g II’OI’] tO S I ncr

rben
pressurt® due td Fﬁerﬂeﬁsm jesticy, ﬂd%ﬁ a%ﬁ' Sorkent B ina Wﬂﬁd&f‘md@ﬁt &ndl ng
Sorbent A, whi ltise sisvedaaiterials. f‘mleaichl djfelﬁe éyﬁﬁdef§w&§ loaded with a same--

undeconposed Stég{,ﬁ.@t"% c%]'@ﬁ@eé [ "RHeP the oa&‘ nr e MV mAS T SA e

respect of pre
PCT/ US95/ 13040 respective cylinders, the pressures in each of the- cylinders wa$ -

Accordingly, i fmérﬁt&eﬂ'ﬁf”p@éﬁﬂé ﬁgi‘a%efd’ dbﬁahgbéﬁ:oﬂeﬁg@?%bt g”the

by e 1 ovi o) SROGHOTC AR AS i LB M s Sfhe ycpoenus ieh agkoreec by

trace anmounts afolecilanNigievess sswdhaSmonmrmgf\hltedsk arpvacs‘éanwntddm@éﬁty
temperature

- The resulting pressure history as a function of time is shown in
20 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
. Sorhent A, after 250 hours rose to approximately 37.5 psia, while
' & B, showing the pressure behavior of the gas.in the cylinder

25 : ;:ing Sorbent B, shows no pressure rise over the same period of
_time*efthetest. ' '
’ The performance d'ifferences' exhibited by~ the- respective
" Sotbents A and B is striking, for the fact that-while otherwise
30 compositionally equwa_lent 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 centaining

Sorbent A, while Sorbent B maintained the arsine in an

undecomposed state with no formation of hydrogen belng observed
35 in respect of pressure mcrease

¢
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present in connerC|aIIy avallable nDIecuIar si eves and ot her sorbent

mat eri al s conpri sing nlneﬂé ee §’d bi nders, which have

been i ncor porwo®g/1i739t he so i on for enhanci ng t he PCT/US95/13040
structural stability and in sorbent material. 10

| DUSTRI AL APPLI CABI LI TY The present invention has utility in
t he manuf acture of sen conductor materials and devices, and in
ot her gas-consum ng process operations, where it provides a
reliable "on demand" source 15 of gas, e.q. . hydride gases, halide
gases, and gaseous organonetallic G o V conpounds, | ncl udi ng,
for exanple, silane, di borane, gernmane, ammoni a, phosphi ne,
arsine, stibine, hydrogen sul fide, hydrogen sel eni de, hydrogen

tel luride, boron trifl uggdcdedingly, itisa s@rhlﬂ@itedism?lthaﬂrﬁede@dirh osition

Huorvae. oo ofHra@ETeses uch o A B o O RSE

such gases, in by the provision bEsorbent snatafialsywhichdare: devoidt of/ more|than
pressure ingthe ad E'agn ounts of 5opfé@g1§nf§"s@cr§§é REA! whlh &8 c@ﬁ\&qt!?nallx

subsequently S eas | sSpense ol nt of use
the present |nvent Pﬁﬁqmdﬁl gommerdially-available m°|e°U|aTa$!§V§%§nﬂa‘Pmﬁl’ ﬁgrbent

probl ems associ at egnatitiflist BSmpRSing’ nfiAGIAIB! bPtfdy-based binderd Obhizhehavee
gas cylinders.
PCT/ US95/ 13040 been incorporated in the sorbent compositioncfor eghapging jthe

claimed is: sﬁuctﬂalatahlﬂanﬂnrﬂlegﬂyrﬂﬂtbmsaq:h:antatatanal‘ or storage and
di spensi ng10f a gas, said apparatus conpr|5|ng a storage and
di spensi ng vessel . 3 3 or hol ding a solid-phase

physi cal sorbent flowi ng gas into and out of
sai d vessel ; J heol p@spntasmwgncaha%ombm imedthem mamdaciure n ofai d

storage and di spengppficottRtdr MHatérials Ml 'deviceas aPideiP bter gas-consuming
process operations', where it provides a reliable “on demand” source
15 of gas, eg, .hydride' gases, halide gases, and gaseous
organometallic Group V compounds, including, for example, silane,
diborane, germane, ammonia, phosphine, arsine, stibine, hydrogeh
sulfide, hydrogen selenide, hydrogen telluride, “boron trifiuoride,
boron trifluoride, tungsten hexafluoride, chlorine, hydrogen chioride,
20 hydrogen bromide; hydrogen iodide, and hydrogen fluoride.

By providing an economical and reliable source of such gases, in
"whlch the gas is safely held at relatively low pressure in the adsorbed
: :state on a sorbent medium, and subsequently is easily dispensed to
e -pclnt of use of the gas, the present invention avoids the hazards.
o __.'gas handlmg problems associated with the use of conventional
”hugh pressure gas cylmders

25



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

medi um a di spensing assenbly coupled in gas flow comunication with

t he storagwoesdim®spensi ng vessel, and constructed and arr arrgsos13MdoVvi de,
exteriorly of said storage and di spensing vessel, a pressure bel ow said
interior pressure, to effect desorption of at |east a portion of said

sorbate gas fromthe solid-phase physical sorbent mediumand yield desorbed

gas, and gas flow of said desorbed gas through the d| I“
wherein any water, netals, and oxidic transit on met al ;M;ﬂm‘ﬂglmmﬁm *on
t he solid-phase physi cal sorbent medi um are a9 a conceriration Whith %

I nsufficient to deconpose nore than 5% by wei ght of the sorbate gas |n sai d

storage and di spensing vessel after 1 year at 25[err]C at said interior gas
pressure. 2. Apparatus according tQ ¢claim 1, wherein the solid-phase
physi cal sorbent rredi umcontains |le arts-per-mllion by weight

of trace conpon el ecyed f omthe group consisting of water and oxidic
transitign neta n the.weight of t he physical sorbent -

medi um 9 31 3. Appar at us
according to claim 1, wagr @dsdmﬁdbs&nﬁbnseapﬁaramal foror firige e dhdm
contains |ess tﬁgrb g @{ | 1ion by: vveaﬁ%l of trace corrponents
selected fromt &nlﬂgoo g‘?ﬂp% Qg‘dlc transition rretal

- speci es, based on the weight of the _physi cal sor bent nedi um

Appar at us accor ding Lubigieiid dREIN wﬁac&dngfratsﬁeaeﬁn&&{r@gﬂ&bem

medi um ¢gntai ns no_nore t I on

componedPs sel eBPklNG 1 Wl‘%@@ﬁ@uﬁhm i Sarpagt metiilame rangh foroselgctively ¢

~transition net aflowiRFgas intd amdcoutrofisaid vesgell of the physical sorbent
medi um 5. Apparatus according to claim1, wherein the solid-phase

physi cal sorbent nedi um concentration of trace corrponent s selected fromthe
group consisting of waaselidphdsexphysical sorbentomedium disposed:, inbasadd :on t he

wei ght of the p %ﬁ e econpose nore
than 5% by wei g%ﬁ%ﬁét g% %"?gggé%‘? %LJ&&&%%%@@;] C and said
interi oﬂspressyre. - .. 6. Apparatus ac_cordl ng to claiml, wherein the
oxidic transition nepalsorbate gas physically adsorbed on said solid-phase

physical sorbent medium;

a dispensing. assembly coupled in gas flow _corﬁmunication.
20 with the storage and dlspensmg ‘vessel, and conStructed and
arranged to provide, exteriorly of said storage and duspensmg vessel,
~ a pressure below said interior pressure, to effect desorption of sorbate
gas: from.the solid-phase physical sorbent méd.i_um_;. 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 tfransition metal species. in a concentration which is
sufficient to decompose the sorbate gas in sald storage and
30 - dispensing vessel. :

2. Apparatus according to claim 1, wherein the sdlid-phase
physical sorbent medium contains less than 350 parts-per-million by
weight of trace components selected from the group consisting of

35 water and oxidic transition metal species, based on the weight of the

physical sorbent medium. T
This Sheet
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sﬁeci es are selected fromthe group consisting of oxides, sulfites and
nitrates. 7. Apparatus according to claim1, wherein the sorbate gas

i s a hydri dewoas1739 8. Apparatus according to claim 1, wgansosiidae
sorbate gas is selected fromthe group consisting of silane, diborane,

arsine, phosphine, chlorine, Bd[err], BFferr], Blerr]D err], tungsten

hexaf | uori de, (CH3)3Sh, hydr'ogen fl uori de, hydrogen chlori
i odi de, hydrogen brom de, gernane, amoni a, stibine, hydr m&gmgmgmlﬂlm
hydr ogen sel eni de, hydrogen telluride, and NF3.

according to claim1, wherein the sorbate gas i3! bor on trlfluorlde

10. An adsorption-desorption apparatus, for storage and di spensi ng of. a
gas, said apparatus conpr|3|ng

PCT/ US95/ 13040 - aratus according to clalm 1, whererﬁZthe solid- phase a
storage and di spen ng a

t ted
sol i d- phase physi (Pi‘yngérﬁg emﬁHf"ugﬂﬁfaﬂia; eS| t&)@{‘% ?aftﬁcﬂﬂrﬂﬂ'}“'on bYgas
into and out of saeightestdiace Somponents seletterb froin thesgroupy sonsistingrafent

gas. pressupe; . wei dnd o fipBfion mefd) BREIY, BhetBHTing ety df e’

sol i d- phase physi ehysical serbent mediwmi um _ a di spensi ng assenbly
coupled in gas flow communication with the storage and di spensing

vessel, and construct ed and arranged to provide, exteriorly of said -
storage and di spensi ng4vd¥Raratug SFE%@WQE taegiaim <hi wheeein; thecsplid-phasss ur e,

to effect desorpt hysneal sérbbﬁﬁﬁiedmmqrdntﬁnsqio ﬁ'ﬂird tﬁan blapsrtqm mllllon byom

t he sol i ds phase pﬁé al orbent mé %L&? an|d ﬁgr bed Sh at f

gas 11ow 8P sai d of t5ic8 " CamBanRT hsesrieﬁﬁﬁmé Jghp; gonsistinig o
water and oxidic transition metal species, based on the weight of the
physical sorbent medium. '

5. Apparatus according to claim 1, wherein the solid-phase
15 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.weight of the sorbate gas after 1 year at
250C and sard interior pressure

20 . _ _
6. Apparatus according to claim-1ﬂ wherein the oxidic transition
metal species are’ selectedr from the group: consisting. of oxides,

sulﬁtes and nitrates.

25 _7 Apparatus aoeordmg to claim:1, wherem the sorbate gas is a

N 8. Apparatu_s according to claint 1, wherein the sorbate gas is

_ selected from- the ‘group consisting of silane, diborane, arsine,

30 phosphine, chlonne, BCl3, BF3, B,D,; tungsten hexafiuoride,

(CH3)3Sb, hydrogen fluoride, hydrogen chioride, hydrogen iodide,

hydrogen bromide, germane, ammonia, stibine, hydrogen sulfide,
hydrogen selenide, hydrogen telluride, and NF3.

35 : . is Sheet Has Been R laced
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wherein the solid-phase physical sorbent medi umconcentration of 20 trace
conmponents sel ect ed fromthe group consisting of water, netals, and

oxi di ¢ tr gRpédrir9sy et al speci es, based on the weight of th 0

sor bent medium is insufficient to cause deconposition of the sorbate
gas resulting in nore than a 5%rise in interie# pressu. e—after—t week
at 25[err]Cin said - storage and di spensi ng vessel .

Apparatus according to claim 10, wherein the soli d- ‘MHH““ “mil
sorbent nedi um contains |ess than 350 parts m |

trace conponents selected fromthe group congf!stl ng of water and oxi d| c
transiti.on netal species, based on the weight of the-physital sorbent 30

nedi um a.zApWPMSaaeeommmclaymn wheiein the sorbatei gas lis
sol i d- phase boreR)eFifl §or bent medi umcontains |ess than 100
parts-per-mllion by welg of trace corrponerfts selected fromthe

group consisting of water -and oxidic 35 transition netal species, based-on

the weight -of the phjoii & adsdrtion-desorptivhi Udpparatus, for storage and

PCT/ US95{ 13040 33 13. Appar at us
according to c|%!FB?'1%"9\%&r%#~°h %aee?ﬁaéuiﬁawf'ﬁml cal “sorbent medium
contains - no nore than 1 part-per-mllion by weight of trace conponents

sel ected fromthe or9upragsha!dibfeinualdeePBingiicieg drPatahid (gP! 2

speci es, based on . the wel
Appar at us accorhgl ngté sqlig-phase PﬂMﬁFé b@tsreadwmmhaeé fph;sgleﬂilveiwrbent

nedi um concent rfiywing ggg ihfo?drtd eanePsaidivessel;ect ed from the group consisting
of wat Yo and oxidic transition nmetal species, based on the weight of the (

physi cal sorbent nmedium is insufficient to decorrpose nore than 5% by
wei ght of the sorbatee splid-pHiaser physical sorbent emediumndisposedi nh esait -

pressure, in S@t&a@%%ﬁﬂmglsﬁaﬂsﬂpmﬁl a?{ ?ﬁtgﬁér gas Rre%eui Appar at us

according to clal he OXI tran speci es are'
sel ected fromthe group consisting of OX|des sulfites and nitrates.

16. Apparatus accor ¢ Bfriafe el @e%oph%fi@élﬁ‘} &dkbﬂ:eiprobﬁbam%ana&:lﬁéévd“ de
gas. 45 physical sorbent medlum, -

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,

20 a pressure below said interior pressure, to effect deserption of sorbate
gas from-the solid-phase physucal sorbent. medtum. and gas flow of
- desorbed . gas. through the dispensing: assembly,

’wherem the solid-phase physical sorbent' medium

25. fation: of trace components: selected from the: group consisting
| ater, metals, and oxidic transition metal species, .based: on the
weight of the physical sorbent medium, is in_sufﬁci_ent. to cause
-+ decomposition of the sorbate gas resulting: in. maore than a 5% rise in
interior pressure after 1 week at 25°C in sald storage and dlspensmg

30 - vessel s st

11, Apparatus- according to-claim: 10-, wherein: the- eolid-phase
physical sorbent medium contains less than: 350. parts-per-million by
weight of trace components selected from the group consisting of
/
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17. Apparatus according to claim 10, wherein the sorbate gas is selected
fromthe group consisting of silane, diborane, arsine, phosphine, chlorine,
BC [err], BRwerssh173B[err]D{err], tungsten hexafluori'de, (CH3) FOI/USHK/AIMY en
fluoride, hydrogen chloride, hydrogen iodide, hydrogen brom de, gernane,
ammoni a, stibine, hydrogen sul fide, hydrogen sel eni de, hydrogen terturider—

and NF3. 18. Apparatus according to claim10, whergj
gas is boron trifluoride. 19. An adsorption-desorﬁmm"m)mﬂmﬁw :
for storage and di spensing of boron trifluori dgi sai d apparatts €O s :
a storage and di spensi ng vessel constructed an %rranged for holding a

sol i d= phase physical sorhent medi um having a sorptive affini .

PCT/ U385/ 13020y water and oxtid:g%rans on metal specleé? baséd &Eéﬁ%ﬁp’%l&ﬁ ?mgpl de.
and for selecti velphyglca{\isag;émmgdium;f | uoride i.nto and out of said vessel;
a sol i d-phase physical sorbent nedi um having a sorptive affinity for boron

trifluoride, disposed in said storage and dispensing vessel at an interior
gas pressure; bok2 rApparatusoacenrdingsto ¢laisi1fwherain: the solidrphagey

sol i d- phasgs physi ¢y <5 RS ertifbtilim 2BRtains less thaft FOT partchasmAlien by
coupled in gas flow’communication wth the storg&;a'va{ﬁg di spensi ng.vessgl,

and constructed arweight ofdeace sopRonents selgcted grauP SORFRYBA

di spensi ng vessel ,watep afavxidic ARimtichnbtainésedies, hasesson ¢he weight etthe
desorption of at ' said boron trifluoride gas fromthe

| east rti.on af
sol i d- phase physi cpjws%?ﬁg%emréﬁ?@m‘o yi el d desorbed boron trifluoride,

and gas flow of said desorbed boron trifluoride gas through the dispensing
hoater opdutively ar Aadiprirefiy atcirting @ plain V0, wilarei e SOIB rised 2
vessel for sel ect iphysicghsprientmedism;epntaing,ae mone than,] p@&’B@fﬁ)’t““ﬁ%ﬂWm to
effect 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. '
156 ' : A . _ _
' 14. Apparatus according to claim 10, 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
20 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. - ' : -

"‘_'15; ‘Apparatus. according?:-to claim: 10, wherein the oxidic
tion: metal species are selected from the group consisting of
‘oxidés; sulfites and nitrates: - -

25

’ 16. Apparatus according to claim 10, wherein the sorbate gas
is a hydride gas. -
30 - o : : :

~ 17. Apparatus. according to claim 10, wherein the sorbate gas
is selected from the group consisting of silane, diborane, arsine,
phosphine; chlorine, . BCI3, BF3, B,D, tungsten hexafluoride,

(CH3)3Sb, hydrogen fluoride, hydrogen chioride, hydrogen iodide,

_—_—
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t hermal | y- enhanced desorption of the sorbate gas fromthe solid-phase

physi cal sorbent nedi um 21. Apparatus according to claim1;, wherein
t he soli d-wossaiyysi cal sorbent nmedi um conprises a nateri alpcypbsshissiof r om
t he group consisting of silica, carbon, nolecular sieves, alum na,
macroreticul ate pol yners, kieselguhr, and al.um nosilicates.

Appar atus according to claim1l, wherein the solid-ph ent
medi um conprises a crystalline alumnosilicate conporfmm mnﬂmmm)ﬂﬂ
Appar atus according to claim 22, wherein the crystall *necalummosi [ xCate
conposition has a pore size in the range of f 89m about 4 to about 13

Angst rons. -

PCT/ US95/ 13040 hydrogen bromide, germane, ammonia, - stibing, hydrogemzsulf;qmar at us

~accordi ng to cl ahydrogen sdbmndenhydmgenyteﬂmrde rmleHs nosi-li.cate conposition -

conprises 5A nol ecul ar sieve. 25. Apparatus‘according to claim 22,
wherein the crystalline alumnosilicate conposition conprises a binderless
nol ecul ar si eve. - 18. Appammcoﬂjlmmmmgwpwhbmlmthe strbatel gaghe

sol i d- phage phys;j %roﬁq gﬁr‘ gdredi umis. present in said storage and
di spensi ng vesse em sorbent material having a sorptive affinity

for contam nants of said sorbate gas therein. =~ 27. Apparatus

TR Ly or home og 1l caisdrblof SRSORSIGH napfEiaRls, ol gt dheVC | |
cl ai m 26, Merelwspﬁﬂs'EﬂMPBé?ﬁu%rsﬁg aEBﬁﬁﬂ"r‘%EQ%’@Menger sel ected -

fromthe group consisting of: (A) a scavenger including a support

havi ng ociated th t t to onpound
whi ch i ﬁﬁ?he pr esencgégwrage d' %rr%iﬁﬁ%&}é&/?ﬁa@%?@ﬁ@g%%pgﬁdﬁg ‘
reactive to eff ldinge hage P spaioa@@enhanedluyaurmwngr;mmMpm ng .

sel ected from ongffiAity f&?rtﬁ:rﬁﬁftf‘iﬂi.icfnc@c ahﬂefogséwﬁéli??ﬂo%hg‘%o?&n trifluoride
into. and out of said vessel; - :

15 _ a solid-phase physical sorbent medium having a sorptive
affinity for boron trifluoride, disposed in said - storage and dispensing
vessel at an interior 55 pressure,

: “boron trifluoride gas,. physucally adsorbed: on said solid-phase
20 physical: sorbent medium; and- e

‘a dispensing assembly 'coupled in gas flow "communication
_ﬂ_wrtk;—_;_:__the storage and dispensing vessel, and constructed and
safranged to provide, exteriorly- of said-storage:and dispensing vessel,

25 Wre below said interior_pressure;. to effect desorption of boron.
“trifiioride gas from the solid-phase: physical sorbent medium, and gas
flow of desorbed boron trifluoride gas through the dlspensmg-

30 20. Apparatus according to claim 1, 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 physrcal sorbent medium. ' :
3
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(i) carbani on source conpounds whose correspondi ng pr ot onat ed

car bani on conpounds have a pKa val ue of fromabout 22 to about 36;
and " WoO96/111391 ) ani on source conpounds formed by react iROT/US9SA3040
~car bani on source conpounds wi.th the sorbate gas; and (B) a scavenger
conpri si ng: (i) an inert support having a surface area in the
range of from ' about 50 to about 1000 square m

and thermally stable up to at | east about 25”" 1,ﬂ m”mlmm
PCT/ US95/ 13040 LN G ) an

active scavengi ng species, present on the supp03§ at a
concentration of fromabout 0.01 to about 1.0 nples per

support, and formed by ?MABBEE%W iasrorsting e @Bi’)‘bd‘ntwﬁwe&" the s°|'d Phas%r oup
| A metal selected physicalogbment médiam tuﬁmpméasilwrmatpnal selected from €86 UM

e ™S LA o el S, s Bl

chemi sor bent nat ernnabroretlwiatazpelyn'fers,nkleselgghmand:c&lumosﬂg:ahés pot assi um
arseni de angl trityllithium 30. An ion inplantation system

conprising a reagent source for reagent source material and an ion
i npl antat i on appar at us 2®uppPRaratys gesordingy teiaimils wherginithe slidiphasgent

source, and wher ei phydi¢al’ ittt AiRdiiR €6fPrise8Sa crystallinéNaluminosilicate
adsor pti on-desorption ag aratus, for storage and di spensing of a gas, said

apparatus conpri si a storage and di spensing vessel constructed
and arranged for holdlng a solid-phase physical sorbent medium and for

sel ectivelynfl owi Ng gassin

physi cal s%r bent nedi u %‘l ég%éﬂéglé)%ecgidﬁ@ttgr %ﬁ‘??ﬁd "&'F%’Sé"ns?ﬁﬁ &&é@@?

an interior gas pralusinesilicate composition has a pore size in the range of from
about 4 to about 13 Angstroms -

24. Apparatus according to claim 22, wherein the crystalline
15 aluminosilicate composition comprises 5A molecular sieve.

_ '25. Apparatus according to claim 22, wherein the crystalline
aluminosilicate composition comprises a binderless molecular sieve.

20 - 26. Apparatus according to claimr 1, wherein the solid-phase
physical sorbent medium is present in said: storage and dispénsing'
vessel with a chemisorbent material having a sorptive affinity for

- contaminants of said sorbate gas therein. '

_ 27. Apparatus according to claim 26, wherein the chemisorbent
\aterial has a sorptive affinity for non-inert atmospheric gases.

25

v - 28. Apparatus according to claim 26; wherein the chemisorbent

: material comprises a scavenger selected from the group consisting of:

(A) a scavenger including a support having associated

~ therewith; but not covalently bonded thereto, a compound which in

the presence of said contaminant provides an anion which is reactive

to effect the removal of said contaminant, said compound being
35 selected from one or more members of the group consisting of:

This Sheet Has Been Rei
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a sorbate gas physically adsorbed on said solid-phase physical sorbent
medi um and a di spensing assenbly interconnecting the storage and
di spensi nqvo'egee and sai d ion inplantation apparatus in gapcifosysnzeso
comuni cation with one another, and constructed and arranged to provide,
exteriorly of -said storage and di spensing vessel, a pressure betow sai d

I nterior pressure, to effect desorption of at |east a ' '
sorbate gas fromthe solid- phase physical sorbent medr]w“ﬁmu Hﬂml |“|
' * € L M s =
37

desor bed gas, and gas fl ow of -

PCT/ US95/ 13040 36 sai d
desorbed gas through the di spensing assenbly to the ion inplantation

appar at us; ' - whereinthe solid-phase ‘physi cal sorbent nediumis
devoid of trace 5 conpofprésibaalopcssiitcs compdindy wHese eBfresboRding’ Wat er,

Concent rati on Lo decomposErRaeted CrbANcH & EGuids fafe =tk Yalue ot

‘di spensi ng vessel . from abot122 1o about88; éndr suppl yi ng a gas reagent,
conprisigg: 10 _ provi ding a storage and di spensi ng vessel
cont ai ning a solid-phase physi cal sorbent nedi um having a physically

sorptive affinity for sai fif)gaRion souree sgepoundgformed by reaeien otsaid

sorptively |oading said. gaarbepidissures! doinpoiiss With thé 3brbate gq%‘?ra'ﬁ%m
medi um as a sorbate gas, to yield a sorbate gas-loaded physi ca
sorbent nediumat an interior pressure in said storage and di spensing-

vessel ; and 20 (B)s el spaivengéry cotmprisingng at | east a portion of said :
sorbateygas fromthe sor bat e gas-| oaded physical sorbent medium ‘b ( _
- reduced pressure desorption, for dispensing thereof; : -

V\,herﬁi n aln_ydvvaLer, mﬁt al slaen ipertaupporthaving srsurace areadn the rangss ofit ﬁS_'
st e Focecomios ORI IR B il
storage and di spensing v ermatly siablgp o atisast abqut 4505 £iandit er i or
pressure. . L _ L _
15 (i) an active scavenging spacies, 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 sodium, potassium, rubidium, and cesium and their
20 . mixtures and alloys and pyrolysis thereof on said
~ support.. . - N ' |

- 29. Apparatus according to claim 26, wherein.the chemisorbent |
terial is selected from the group consisting of potassium arsenide

25 Btrityllithium. E
30. An ion implantation system, comprising a reagént source
+ for ‘reagent. source: material- and- an. idnr-,,implantation apparatus
_ coupled in gas flow communication: with: said reagent- source, and
30 wherein the reagent source comprises: o

an - adsorption-desorption - apparatus,. for . storage and
dispensing of a gas, said apparatus comprising: .- ' :

This Sheet Has Been Replaced
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32. A process according to claim31, wherein the solid-phase physical 30

sorbent nedium contains |l ess than 350 parts-per-mllion by weight of trace
conponents swblghpRdef rom the group consisting of water and oxip&TUs9s/13040
transition nmet al species, based on the weight of the physical sorbent
medi um 33. A process according to claim 31, —whereim the

sol i d-phase physical 35 sorbent medium contains |ess tha
parts-per-mllion by weight of trace conponents, sel e ('BBE}(NIQ"HMHI"C!II
group consisting of water and oxidic transiti on , mba
on_the weight of the physical sorbent nedium

PCT/ US95/ 13040

process according to clasierage and slispensing V%Sﬁh%@@%%‘ﬂcmfaﬁﬂﬁfbém

e Sef el 1AG & GG phggical by s i Sossively
trgﬁsmlon net al 3@%&9 % tﬁﬁ ft?f;sﬂél"gﬁge'of t he physi cal sorbent

medi um - 35. A process accordl ng to claim31l, wherein the solid-phase
B p onatit g or e SRR, st RSt BALAY BspBESAL 3 SRR {1
wei ght of the phygtmagesandadlspensugmqssebaﬁmmtemn gas pressuae;se

deconposi tion of the sorbate gas resulting in nore than 25%rise in
interior pressure after 1 week at 25[err C in said storage and di spensi ng

vessel . 36. A prbcosbate: gasjiphysically) adsoshed \QBr Said ¢ gelid-phase

transition netal ppgsicabserbent gaedilgs andom the group consisting of oxides,
sulfites q@d nitrates. 37. A process according to claim 31, wherein
t

the sorbat'e gas is a hydride gas. 38. A process according to claim
31, wherein the sorbat @ glispénsiegl easrsemb‘ly omtemengeotlpg ctivesi- stoirageo’and '

il dib h
SBI[ e?PfD[ elrri)ra'?ﬁng ﬁw&%ﬁﬁgr? %rr err éd%argﬂse uori d
hydrogen chl ori decomuwgehon duﬂ'd@nehﬂ!@ éna C@éﬁ/ﬁﬁﬂea"aﬂﬂﬁn

sti bi ne, hydrogen psslidé dextehbﬂy %%&ldi etcﬁagéenmuﬁpeaem teéésar I drbreeémeNFB

39. A pr 048°° accgeﬁl:w %alé) m%eﬁor pressure,eto efpecpa sorptron of gor%a{e gas 8" ffom
the solid-phase physical sorbent medium, and gas flow of desorbed
gas through - the dispensing assembly to the ion implantation

- apparatus; '

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.sufficient concentration to

L e_eo;,mposerthe‘r sorbate gasin said..storage'sand.-dispensing. vessel.

25 -3 A process for supplymg agas. reagent comprising:
proViding a storage and dispensihg vessel containing a solid-
phase physical sorbent medium havmg a physrcally sorptive affinity
for said gas reagent ‘ S =
physically - sorptively loading on: said solid-phase physical
. sorbent medium a sorbate gas, to yield a sorbate gas-loaded physical
sorbent medium; and .

—
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trifluoride. ~40. A process for supplying a gas reagent, conprising:
providing a storage and di spensing vessel containing a solid-phase physical

E’(C)Z'rl';)lnggS?E%ngmg ng a physically sor pt ive affini ty for sai g‘%@g@%ent

sorptively |l oading said gas on said solid-phase phlsil__cil__gng_enl_tredJ—um as
a sorbate gas, to yield a sorbate gas-|oaded physical sorbent nmedium and
selectively desorbing at |east a portion of said so mﬂ m;mmmmta

sor bat e gas-| oaded physical sorbent nedium by redua n ptlon
for dispensing thereof; wherein the sofigd- phas®e physi cll Sorbent

medi um concentration of trace conponents sel-ected fromthe group consisting .
of water, netals, andseslécl@ltety tesoming eorbaté Yassemi the, sdiBarIgas-lbadedei ght

o he DSt cal GRrel s bl by Gl Sredlli St -

after 1 week at dispemsihgthereodj d- st orage and di spensi ng vessel . 41.
A process according to claim40, wherein the sol i d- phase physical sorbent _ -
medi um caontains | ess than, 350 parts-per-mllion WEI ght of trace =

conponent® sel ected fWoekeimEhegsglig-phage; Rﬂ!ﬂsﬁﬁfhﬁ"" edhﬂ"dildﬂv@ld of
transition net altrageeéompondnscselédted Hmnwléaptouﬁ céﬁﬁsmiy Of Wilte; Qﬁé&l%

medi um 42 . A ocess ccordi ein the soI{d phase

physi cal sor bent@fb# 19fL e %tpﬁ Haslfﬂ) %éPﬁLClﬁfg CORGaNtEALoRy Qe ght
of trace corrponeiecnnmnm:ﬂmlsdrbate gas inysaidpstorage and dispensivg eesseld oxi di c
transition netal species, based on the weight of the physical sorbent

medi um 43. A process according to claim40, wherein the solid-phas
physi-callGor bent nedlfanl%ﬁm%ﬁsaml’d'ﬁgetqtﬂaﬁn Blpavhergin the Isolidrphasenei ght

of trace conpongjysicat!sopbét meaiin %nw"ﬁyubs‘soﬂﬁrﬁfss@q:aﬁs ﬁﬁllét'i‘cbrfx' dic
transition netal S‘Bﬁf based on V\Tp@ é of - th%\/\E sical sorb :
medi um | ﬁ?& EW@P'F@SP ¢ fmfnoh é‘-@ﬂ (fongisting| ot phase p
physi cal water and oxidic transition metal species, based on the weight of the :

o ' physlcat sorbent medium. - R

- 3B.A process: according to claim-31; wherein’the solid-phase
physical sorbent medium contains: less than. 1€ parts-per-million by
weight of trace components selected from the group: consisting of
water and oxidic transition metal specles based on the weight of the
20 : physncal sorbent medlum.i R ' ’

' 34'..: Ar-prooess according; to claim 31, wherein:-the solid-phase
icat sarbent medium: contains:no more. than: 1-part-per-million by
of tiace components selected from the gradp consisting of
and oxidic transition' metal- species, .based-on the weight of the-
aF sorbent medium.

25 .

o 35. A'process according to claim: 31, wherein-the_solid-phase
physical sorbent medium concentration of trace. components selected
30 from the group consisting of water and oxidic transition metal species,
based on the.weight of the physlcal sorbent medmm, 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. :

A —
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sorbent nedi um concentration of trace conponents selected fromthe group
consisting of water and oxidic transition netal species, based on the
wei ght of theyebygires! sorbent nedium is insufficient to decopepesSesiizosp
t han 5% by wei ght of the sorbate gas after 1 year at 25[err]C and said
interior pressure, in said storage and di spensing vessel=——

{ CT/ US95/ 13040 45. A

process according to claim40, wherein the oxidic tran5| tﬂﬂu mﬂmwﬂwm
are selected fromthe group consisting of oxides, sulfite ’
. 46. A process according to claim40, wherein t h89sor bat e gas is a hYdri de

. gas. 47. A process according to.claim40, wherein the sorbate gas is
selected fromthe gr oup360rA;ip!'0¢e@ﬁ ccoordiage to delgim a8¢, whereir thphoxidid': ne,

chl orine, Bd [err]trﬁﬁgdhsﬁr,]nm [ dg Pﬁ{é] selbb'f%ﬁsf H.,dtggg%éyﬁré BSb

hydr ogen fl uoride rogen c ydrogen i 0 rogen ro
ger mane, ammoni a, @ﬂﬂﬁﬁn@u pitrates. f i de, hydr ogen sel eni de, hydrogen
telluride, and NF3. . 48 A process according to claimA40, mherein t he

sorbate gasgis boron trifl yori An ti,on- des tion,
process fordst or age andéﬁ éﬁﬂg‘?%?gaﬁeﬁ"'ﬂ'&ﬂi‘ﬂ claim Sg f'g@' ao gasis
conpri si ng: ahydriddigas. a st orage and di spensing vessel containing a
sol i d- phase physical sorbent nmedium having a physically sorptive affinity
for boron trifluoride; physically sorptively | oading boron

trifluoride on said so|3@-®mg@eqmmocdmg§ardﬂm3hmhemntm sordate gasds on
trifluoride-| oadedsgleyedC Font Othee grolfs dboms :gﬁqj of silaneS ediBerane:! ¥arsine,
y

P bor b oaeprading " ofbuie, ‘ab.oiBrs, it Sndsel ielfiontl, o,

for dispensing th )3Sb, hydrogen fluoride, hydrogen. chloride, hydrogen iodide,

hydrogen bromide, germane, ammonia, stibine, hydrogen sulfide,
“hydrogen selenide, hydrogen telluride; and NF3.

15  30.A process according to claim 31, wherein the sorbate gas is
boron trifluoride. : |

~ 40. A process for supplying a gas reagent, comprising:
20 : providing a storage and dispensing vessel containing a solid-

" phase physical sorbent medium having-a physically sorptive affinity
for said gas reagent;

'bhy’siéa’lly' sOrptiv'er- loading on said' solid-phase physical
bent medium a sorbate gas, to yield a sorbate. gas-loaded physical.
sorbent medium, and

25

' | selectively 'desorbing' sorbate gas from the sorbate gas-loaded
physical sorbent medium, by reduced pressure desorptlon, for
30 dlspensmg thereof

wherein the soIid-phasé physical. sorbent medium

concentration of trace components selected from the-group consisting

of water, metals, and oxidic transition metal species, based on the

35 weight of the physical sorbent medium, is insufficient to cause
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50. A process according to claim 31, further conprising selectivel y heat i ng
t he solid-phase physical sorbent nedium to effect thermally-

PCT/ US95/ {98 é6h1739 - *C L M S* © PCT/US95/13040
41 enhanced desorption of the sorbate gas fromthe solid-phase
physi cal sor bent nedi um 51. A process accoral ng to crarm

31, wherein the solid-phase physical 5 sorbent nediu
material selected fromthe group consisting of Si Inmﬁm) mum[[]””m
nol ecul ar sieves, alum na, macroreticul ate poI yIer s *

car bon, and al umi nosi | i cates. - 5240/ process accord| ng to claim
31, V\/nerel n the solid-phase physical 10 sorbent nedi um conprises a

crystal line al udempbsman@fcthe(pomatems resulting in more3bana Bb%cHse in

according to cl fidhicrpresbarerafior 1'week)dt25dG itFsaid dst_oﬁdzgdmﬁe%.épéﬁé.ﬁ?
corrp05|t|on has B S|ze in the range of fromabdut 4 to about 13
Angst r ons. vessel. 54. A process according to claim 52, wherein the
crystalli ne al um nosilicate conposition conprises 5A nol ecul ar sieve.

55. A prpcess accordi to . eI Al bin

al um nostlicate corrpéi?ﬁ Fﬁ'ﬂ%%%ﬁ?é’é’éﬂg?@%ﬁ@ F@ @hégé'g HuhPagolgc? 89853

56. bA E)r ocgss apbysicaingorbent mediudicontainscless than S50 mmgenmﬂml byl
sorbent nedi um te r

chem sor bent %N%rqh;ll éﬁgéfﬁ%&ﬁgg?éﬁtlgvﬁag?@grt Fﬁéflsdcrgﬁ?am nantr‘ég tdf? sai d
25 sorbate gasWelRfirand °x'd'° transition metal sﬂeﬁ'ﬁﬁcé%e‘&@ébm wgiaht ofithe m 31,

wherein the sor pRysicalesorbent meditm] ses an inpurity conmponent, and the
sol i d- p ﬁse physi cal sorbent medi um i s provided in the storage and (‘

di spensifng vessel toget her with an 30 inpurity scavenger for renpval of
the inpurity conponed®. Arprocess ascording to claimg4®,: wherein the solidsphasgepr ocess

according to cl

according 12, c! Bhikicd sSUBEREkdilf CiRgIna0EEE Hhan 100 FEHEHERMINBA By
. welght of trace components selected from the-group consisting of

water and oxidic transition metal species, based on the weight of the

1-5 physical sorbent medium.

42 A process accerding to claim 40, wherein the solid-phase
physical sorbent medium contains- no more-than 1 p_art-per-million by
weight of trace components selected from the group consisting of

20 - water and oxidic transition metal species, based on the weight of the
| ~ physical sorbent medium.. - -

. 4A A process according to claim 40 wheréih the solid-phase |
iy learsorbent medium concentration of trace components selected

25

_ m the group. consisting of water and oxidic transition metal species,
- *hbased 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. o
30

45. A process according to claim 40, 'wh'erei'n ‘the oxidic
transition- metal species are selected from the group consnstmg of
_ oxides, sulfites and nitrates. -
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35 PCT/ US95/ 13040 . 42 59.
A process according to claim56, wherein the chem sorbent nateri al
conprises a swovengsy selected fromthe group consisting of: PCT/US9S/13048) a

scavenger including a support, having associated therew t#\bu.t\noh\
covalently bonded thereto, a corrpound which in the presence of" sai

contam nant provides an anion which is reactive to effect

said contam nant, said conpound being sel ected from one ﬁgﬂg’”f
the group consisting of: (i) car R?I’ll on source coﬁrpou

whose correspondi ng protonated carbanio conpounds have a pKa val ue
of from about 22 to about &ﬁ' anl on squrce
conpounds forned by readfi BrPrBFe%Qa?GFO"d'nQ to claim AQwhereip the sotate 9asds
with the sorbate gatiydeide gas. (B) a scavenger conprising:

(i) an inert support "havi ng a surface area in the rarge of from
about 50 to about 1000 square neters per gram and thermally stable

up to at | east about 258T; Azptdcess according to claifr 49, wherein the: serbate ggsiig

speci es, prgsent OQeIPQFedS'*be?ﬁ {h r p consnstnﬁ@”ﬁ?r%faﬁb' e QFaﬁé Oraréf?l “t
0.01 bout 1.0 gru oS
dep03|t '([)I gnog; the B ”ﬁ?ﬁfg’”geof @ogﬂr:‘ﬁupoAS BF3' alt ﬁﬁt ’qu% 'QGdl um

pot assi um rubidi U(GHs)gSmehydmgendﬂuonde hydn‘ogen chistide £ hydrogert liogideand
pyrolysis thereof on said cess. accordin

clai m 56, wherein PYO Gﬁﬁniﬁ‘g'gdgntgem?ﬂ?%rFﬁlm‘?@aséﬂga&edw 'SEPf’hégﬁ'ﬂﬁup
consi sting of pot aBydrogearseienide, hydrogen teliyride, amduNF3. . 61. An
adsor pti onggesorption apparatus, for storage and dispensing of a gas

sorbabl e on"a solid- phase 'Rhy3| cal sorbent nedium said aE)par at us
conpri sing: process according to claim 10, wherein the sorbate gas is

boron tn_ﬂuorlde .

49. An adsorption-desorption process for storage and
15 dispensing of boron trifluoride, said process comprising:

providing a storage and dispensing vessel containing a solid-

phase physical sorbent medium having a physncally sorptive affinity
: for boron ftrifluoride; :

20

~ physically sorptively loading. boron trifluoride on said solid-
phase physical sorbent medium, to yield a boron trifluoride-loaded
hysical sorbent medium; and-
25 =55."selectively desorbing boron trifluoride from. the “boron

“triffuoride-loaded physical sorbent medium, by reduced pressure
desorption, for dispensing thereof. -

50. A process according to claim- 31, further comprising
30 selectively heating the solid-phase physical sorbent medium, to effect
thermally-enhanced desorption of the sorbate gas from the solid-

phase physical sorbent medium.

51. A process according to claim 31, wherein the solid-phase
85  physical sorbent mednum comprises a material selected from the
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PCT/ US95/ 13040 43 a storage and
di spensi ng vessel constructed and arranged for holding a solid-phase = -
physi cal dium and for selectively flow ng gas i ntl;h%y; of

sai d vessz?bmi”ge a solid-phase physical sorbent medi um disposed | nosai d
storage and di spensing vessel at an interior gas Pressure, asorbate?

gas physically adsorbed on said solid-phase physic

a di spensi ng assenbly coupled in gas fl ow comunic "lliﬂnmmﬂﬂﬁ Hr rage
and di spensi ng vessel, and constructed and arrange 'S eriorly
of said storage and di spensing vessel, a predure below said interior

pressure, to effect desorptlon of at least a portion of said sorbate gas
fromthe solid-groupe pbysisting obr sifica, roatbom andlegulard sieves, badumireg, and

g?flo;h?r;,)v ggu;ﬁ;&ﬁégﬁg%ag?y@éﬁgﬂiabssﬁ;ﬂrﬁﬁ?@d&ﬂ&ﬁg@%@ﬁlﬁ I“ﬁ%sdesor bed

gas and discharging the pressurized gas: 62. A process for storage

and di spensing of a BQSAS%BEEé%cEBr&nGQ uh.ﬁhﬂewhb»‘éigcme sefid:phaseedi um
sai d progess canpri SI{‘I gltﬁrow 'ﬂ& a storarg ta?l ISIEI;IEHSIQ%VGSSG

hol di ng & sol i dPPYSica ?ﬁ%}@?@alm L fOmprifes,a crystalling; alumingsilicats gas on
sai d solid- phaSCOMP,O‘SitImi sorbent nediumto yield said gas adsorbed on said .
sol i d- phase physical sorbent medium at an interior pressure in said -

storage and di spensing vessel; est abli shing, exteriorly of said
storage and di spensi A8. Aepmﬂessaqnoedlsgrw olairov3 tawbiereinetheocrystaliser e, to

ffect d t f t | h
i S R R S S ¢
of "the 3Porage 4ha apoybd ﬁnqgtrmw |

PCT/ US95/ 13040

54. A process according to claim 31, wherein the crystalline
aluminosilicate composition comprises 5A molecular sieve.

15 55. A process -according to claim 51, wherein the crystalline
aluminosilicate co_mposition comprises a binderless molecular sieve.

56. A process according to claim 31, wherein the solid-phase

physical sorbent medium is present in said: storage and dispensing

20 vessel with a chemlsorbent material having a sorptlve afﬂnlty for
' contaminants of said sorbate gas therein:

_..57. A process according.ta'claim-- 31-,-'whe_re'in the sorbate gas
ses: an impurity component, and the solid-phase -physical

25 ¥ medium is. provided in the-storage and- dispensing vessel
.. fog@ther: with. an  impurity scavenger. for removal- of the impurity

" component from the sorbate-gas.. - -
- 58. A process according to-claim 56, Where'i'n- the chemisorbent

3¢ = material has a sorpti've- affinity for non-inert atmospheric gases.

- 59. A process according to claim 56, wherein fhé chemisorberit
“material comprises a scavenger selected from the group consisting of:

This Sheet Has Been RTi
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44 cry
to a predet
than the pr
di spensi ng

opunpi ng the desorbed gas fromthe storage and di spensing vessel
erm ned pressure, wherein said predeterm ned pressure is higher
856 %1?1795 t he desorbed gas fl owed out of the st or agrETAINY5/13040
ves V\D 96/ 11739

PCT/ US95/ 13040 cryopunpi. ng the Qese#bed—gasﬁ
from the storage and dlspen5|ng vessel to a redet er m ned
pcessure, wherein said pr edet er m ned pressure” HHF ﬂm ”ul
‘the pressure of the desorbed gas flomed out of

di spensi ng vessel.

10

15

20

25

30

(A) a scavenger including a support having associated
therewith, but not covalently bonded thereto,.a compound which in
" the presence of said contaminant provides an anion which is reactive
to effect the removal of said .contaminant, said compound being
selected from one or more members of the group consisting of:

(i) carbanion source compounds whose corresponding
protonated carbanion compounds have a pKa value of

from about 22 to about 36; and

~ (i) anion source compounds formed by reaction of said
- carbanion source compounds’ with the sorbate gas; and

(B) a scavenger comprising:

() 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

(i) 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 |A metal selected:from sodium,

' pbtassium, rubidium, and cesium and their mixtures and
. alloys and:pyrolysis thereof on said support.

60. A process according to claim 56, wherein the chemisorbent
. material is selected from the group consisting of potassmm arsemde
and trityllithium.

' 61. An adsofption-desbrption' -apparatus, for- storage and
dispensing of a gas sorbable on a solid-phase: physical  sorbent
medium, said-apparatus comprising:
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96/ 11739 PCT/ US95/ 13040
46 - . AVENDED CLAI M5 [recei vepc%-

. Wi ; ,
“Internati or?a?mémgeau on 16 February 1996 (16.02.96), ori gl ngﬁﬁgj"éﬂ s 1,
10, 19, 30, 31, 35, 40, 48, 53, 54, 61 and 62 : ~anended; :

remai ni ng cl ai ns unchanged (15 pages)] 1. A ' ption
apparatus, for storage and di spensing of a gas, sai glﬂﬂmﬂmalﬂrﬂ'gm‘l si ng:
a storage and di spensi ng vessel constructed and arranged ¢<f on olding a
sol i d- phase physical sorbent nmedium and for44electively flowing gas into
and out of said vessel; a sol i d-phase physical sorbent nedi um

di sposed in said stoasatprageand dispensing vesseticonstracted rangd armanged foressur e;
a sorbate gas ' I d Réé? Sl | g 2 e RRVAE] nt . ... .
medi um ma@éﬁ%’%ﬁ? n& agysr&%{)ﬁ ég’cr)tzgllte&elanhﬁﬁghsa le@tvc%éﬁﬁﬁiﬁgat I on
with the storadlowing gasdpicand gut of sald vesselconst ruct ed and arranged to
provi de, exteriorly of said storage and.di spensing vessel, a pressure bel ow

said interior pressure, fo effect desqgrption of af |east a portion, of said
sorbate%as from t he® s%ﬂlidgmﬂﬁ‘%epm%ﬁcgpr%pb W disRosed vineisgidiesor bed
gas, and gas flsiorage ard dispensingeresset at Andnighior hasPressure; ng assenbl y;

‘wherein any water, netals, and oxidic transition netal species prse[err]

the solid-phase physical sorbent nmediumare at a concentration
- - a sorbate gas physically adsorbed on said 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 said storage and dispensing vessel,

a pressure below said interior pressure, to effect desorption of sorbate

15 gas from the solid-phase. physical sorbent medium, and gas flow of
- desorbed gas through the dispensing assembiy;

‘a cryopump coupled to. said- dispensing assembly fbr
pressurizing the desorbed gas and discharging the resultingly
20 - pressurized gas.. | : | |

--62..A process for storage:and dispensing: of a gas sorbable on
-phase: physical sorbent medium; said-process comprising:

25 pravadmg & storage and- dispensing. vessel holding a SOIid- :
| y physical sorbent medium; .

S

adsorbing - said: gas. on- said solid-phase. physicak. sorbent

medium; : .

30 . _
establishing; 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 flowing

desorbed gas out of the storage and dispensing vessel;

35
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which is insufficient to deconpose nore than 5% by wei ght of the sorbate
gas in said storage and di spensing vessel after 1 year at 25[err]C at said

interior gasweyRAIME: 2. Apparatus accordi ng to cl ai mBCT/UE95/13840
the solid-phase physical sorbent nmedi um contains;hess +han‘35955‘\gr0&p‘\
parts-per-mllion by weight of .trace conponents $elected fromthe

- consisting of water and oxidic transition netal $peci es ﬂﬂfﬂm

. wei ght of the phyS|caI sorbent medi um WO 96/ 1173 ’" wﬂ’i
PCT/ US95/ 13040

according to claim1, mhereln t he solid-phase pﬁ§5|cal sor bent nedlum
contains less than 100 parts-per-mllion by weight of trace conponents

sel ected fromthe groupcRyeREMpInG g the ﬂsﬁeib%dgéﬁkl from  thesistoragensangd
speci es, based on d:Q?eH‘thhtvegéelt ke H‘ymé{erﬁﬁﬁ@@“b:@éﬂrém wherein shid

Appar atus accordin rel i ase i.cal, sor bent
nedi um cont ai ns n ﬁﬂPﬁar{'ﬂﬁﬁd Pfﬁﬁl{redﬁﬂ“a&?f ﬁ'@ﬁ &VP HF ﬁ?ttﬂ?&e@
conponent s sel ect egad flowed lout of the stovage andrdispdnsinag vesseld oxi dic

transition nmetal species, based on the weight of the physical sorbent

medi um 5. Apparatus according to claim1, wherein the solid-phase
physi cal sorbent nedi um concentration of trace conponents selected fromthe-
group consisting of water and oxidic transition nmetal species, based on the
wei ght of the physical sorbent nedium is insufficient to deconpose nore
than 5% by wei ght of the sorbate gas after 1 year at 25[err]C and said

interior pressure. - 6. Apparatus according to claim1, wherein the
oxidic transition netal species are selected fromthe group consisting of

oxi des, sulfites and nitrates. 7. Apparatus according to claiml1, .
wherein the sorbate gas is a hydride gas. 8. Apparatus according to

claim1, wherein the sorbate gas is selected fromthe group consisting of _
si  ane, diborane, arsine, phosphine, clorine, BG[err], BFferr], _
Bl[err]D{err], tungsten hexafluoride, (CH3)3Sb, hydrogen fluori de hydr ogen
chl ori de, hydr ogen i odide, hydrogen brom de, germane, ammonia, sti bine,

hydr ogen sul fide, hydrogen sel enide, hydrogen telluride, and NF err].
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9. Apparatus according to claim1l1, wherein the sorbate gas is boron

trifluoride. 10. An adsor pt i on-desorption apparatus, for storage
and di sp 1P @ gas, said apparatus conprising: %ﬁ@gggﬂ,m
PCT/ US95/ 1 .48 a storage and

di spensi ng vessel constructed and arranged for holding a solid-phase

physi cal sorbent nedium and for seleggively flow rlmﬂmnlgumﬂmut of 4
i.n sai

sai d vessel; a solid-phase physical sorbent
st orage and di spensing vessel at an interior gas pressuré; " S *a sorbate
gas gas physically adsorbed on saj iéuihgse physi cal sorbent rredi um

a_di spensi Daeces ged By e 1At &hat forkd SBlredll SrP TBURILAGERP 086 L (16! 0F. g5 01 age
and di spensi Bﬂldﬁﬁ‘f Aéalﬁg] ,Co0StgUciE gn@sarg@n 5t3o ogqgﬁ, er| orly

of said storage anda rﬁéﬁ”sﬁéﬁﬁlﬂﬁﬁsﬂamﬁ M@r’%ﬁb’é@ gbs e§ d-int er| or
pressure, to effect desorptlon of "at least a portion o sal d sorbate gas

fromthe solid-phase physical sorbent nediumand yiel d desorbed gas, - and
gas flow of sai eso bed a t hrqugh t he di spensi ng: asst _ :
‘wherein the solfﬂgﬂ %%9'1’!‘9 [APRAraHS; B‘F?%@n {mﬁgﬁﬂﬁ'“ﬂr‘ﬁce
corrponentsagaisesmdchﬁpavawsrmmpmm consi sting of water, metals, and oxidic
transition metal species, based on the weight of t he phyS| cal sorbent

medium is insufficient to cause deconposition of the sorbate gas resulti ng
in nore than a &9torage iand ndispensingr ¥essele canstuctedwand arrargjest rfoC in

sai d st or 3idip da‘#o‘ﬁgf‘dfﬂdéég Hﬁs‘ié&l‘ sorbent m edium, ARRfor ' stectiveRf foWngo cl al m.

10, wherein th€ so ase’ pnysica sor ent ne m contal ns 1 ess than 350
parts- per 989 'm%ﬁngf%é’ifﬁﬁldﬁ Sehace conponents selected fromthe group
consi sting of water and oxidic transition netal species, based on the

‘vei ght of the pé%éh& %hagg p%glicapggllbté'nt medium dlsposed in said storage and
dispensing vessel at an interior gas pressure; :

a sorbate gas physncally adsorbed on said solid-phase physncal
sorbent medium;

i :pensing m»=sembly coupled in gas ﬂow commumcatlon wuth the
storage and dispensing vessel, and constructed and arranged to provide,
extenorly of said storage and dlspensmg vessel, a pressure below said
interior pressure, to effect desorption of at least a portion of said sorbate gas
from the solid-phase physical sorbent medium and yield desorbed gas, and
gas flow of sai_d desorbed gas through the dispensing assembly;

jin: any: water, metals, and oxidic transition metal species
oﬁdﬁphase physical sorbent medium are at a concentratlon
>F sufﬁciaﬁt to decompose more than 5% by weight of the sorbate
gas in said storage and dispensing vessel after 1 year at 25°C at said
interior gas pressure. -

2. Apparatus according to claim 1, wherein. the solid-phase physical
sorbent medium contains less than 350 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.

- AMENDED SHEET (ARTICLE 19)



12. Appar atus according to clai m 10, wherein the soli d- phase physi cal
sorbent medium contains |ess than 100 parts-per-mllion by weight of trace
canmponent s weleghiad fromthe.group consisting of water and o

transition metal species, based on the wei ght of the physi Cafi*cql/!?sgglﬁm
medi um VO 96/ 11739

ipcggygﬁﬁ/slggggrdl' ng to cl al.m 10, vvhere|4r71 t he solid- phas’ﬂm MJlmIHMHHlﬂ
S

medi um contains no nore than 1 part-per-mllion by wei

- conponent s sel ect@%eag ghs) Sccbratry foﬁaairﬁtf ,Whe) td"@ﬁ@rsoﬁa Opfysical

transition netal base the phy SIC

medi um sorl en_t4rne rcm!anade%ﬁ Eh% ) m per:mil '%éweWﬁ'Qrﬁ@ trace
gg: Lgt ggafsecb rfeilits seldetsd franﬂt mgcum%tq&rameomgrtm?wl

rom r.Qup,_con Q i di ansition neta
speci es, ba&ﬁ%ﬁpgﬂgsag?ﬁﬂs ﬁ@?’%@ﬁlp 8 ﬁ?rbr%'&i
i nsufficient to deconpose nore than 5% by wei ght of the sorbate gas after 1
ear at 25[err]C gﬁfas%
zessel [ ! g%/%qaﬁlast#s%g@{gr@ ﬁ'ﬁo 'lé‘?}% Bﬁe%%ﬂ& hghg pn3| "
transition ﬁ@!’%ﬁnts"ﬂéeil-'@% captairgnadNace Mﬂtﬂﬂif -getmillien oy weighl fo'"’@ﬁﬁ des
tsﬁl fit e; ?n@om porints ﬁelected fromlthe @nmprﬁnsmw%rm and cswaigrtra?%tmomler ein
e sorbate gas,is_a according to claim
10, wher of n Miete! sipderebtae g e weioht ofth v W g of

sil ane, di borane arsi ne, phosphi ne, chlorine, BCI [err], BF[err]

Berr] Dlerr], wpg%rgﬁega%&ﬁai@et%&aﬁm%em 499 SR Lotk By i oven

chl ori de, hydr ogen i rom dé I ne
hydr ogen suiSorRent m san@@n@ﬂqmeo sgmongmsjselegtedaﬁanmergroup |

18. fiAppar St '¢§n§i‘sﬁﬂg(ﬁf%tbr)aﬁbQixiﬂlé(ivaneﬁiifremaal*‘abe‘iﬁ&sb%eﬁaén ithe NWight |
trifiuoride. 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.

6. Apparatus according to claim 1, wherein the oxidic transition metal
species are selected from the group consustmg of oxndes, sulfites and
nitrates. -

7. Apparatus according to claim 1, wherein fhe sorbate gas is a
hydride gas. :

8 Apparatus according to claim 1, wherem the sorbate gas is
selectagkfrom the group consisting of silane, diborane, arsine, phosphine,
BCl3. BF3, B.Ds, tungsten hexafluoride, (CH3)3Sb, hydrogen
fluoridé; 'qr.o"g_en‘ chloride, hydrogen iodide, hydrogen bromide, germane,
ammonia, stibine; hydrogen sulfide, hydrogen selenide, hydrogen telluride,
and Nl:-‘s.' L _ :

9. Apparatus according to claim 1, wherein the sorbate gas is boron
trifluoride. R

10. An adsorphon-desorphon apparatus, for storage and dlspensmg'
of a gas, said apparatus comprismg

AMENDED SHEET (ARTICLE 19)



19. An adsorption-desorption apparatus, for storage and di spensing of boron

trifluoride, said apparatus conpri sing: _ a storage and di spensing
vessel c % au& d and arranged for holding a solid-phase HSI cal _sorbent
medi um ha W13 0  ptive affi nity for WO 96/ 11739 /US95/13040

PCT/ US95/ 13040 i de,
and for selectively flowing boron trifluoride into and out of said vessel;

. a solid-phase physical sorbent nedi having a sorp I“l! ﬂu l ”I "m bor on
trifluoride, disposed in said storage and dispensin erior
gas pressure; - - boron trifluoride gas, phy5|cally adsor bed on ‘said

sol i d- phase physi cal sorbent medi um and - a di spensi ng assenbly
coupl ed i n gasa fstorageoranthi dispéensingi vessele construgted aand diasrangednforessel ,

and constﬁd,&,hgda%@,qdqsﬁa%ageﬁw@anpé&uéﬁﬁ cRinirR! BAG %Ele%i‘nbglysfleﬁm and

di spensin sel press oW sai d ntefior pressure
- desorpt i (Q%SJP ‘hﬁ“ﬂ@&%?fﬁawo\ﬁqsﬁ of said boron trifluoride gas fromthe

sol i d-phase physical sorbent nmediumto yield desorbed boron trifluoride,

desonoly. 8 sDBnSSRNEla Smank apio WREotpd ih Aol Sibrea8 ANTETS 20

heat er oglispearsing yesselaatgxmmtemregaprossure,the storage and di spensing
vessel for selective heating.of the solid-phase physical sor_bent medium to -

effect thermally- enhanced desorption of the sorbate gas fromthe

sol i d- phase piR/&pdate gasan Ph\éﬁ?@lm adsorbedyan @ggtﬁ‘aégcﬁhuﬂﬁglt o claim
1, wher eigorbéret raetdium:phase physical so[err] mediumconprises a materi al
selected fromthe group consisting of silixa, carbon, nolecul ar sieves, ‘

al umi na, macroreticul ate pol ymers, kieselguhr, and al um nosi'licates.
22. Appar at us aadispedsing asserhblyrcaupledthdn gas flow cammunication plithstheal

sorbent  ghstall) &ATRYiSPEITSIAG VesShR drid BoAtinittBadnd Gfdhged BP provide;
exteriorly of said storage and dispensing vessel, a pressure below said
interior pressure, to effect desorption of at least a portion of said sorbate .ga_s
from the solid-phase physical sorbent medium and yield desorbed gas, and
gas flow of said 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 transition metaf species, based on the weight.of the-physical sorbent
“medium, is insufficient to cause decomposition of the sorbate gas.resulting
in more than a 5% rise in interior pressure after 1 week at 25°C in saud
storage-and dnspensmg vessel -

o _ _"'-s according to claim- 10, wherein* the solid-phase
physica t.medium contains less than 350 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. '

12. Apparatus according to claim 10, wherein ‘the solid-phase
physical 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 ot the- physucal sorbent

~ medium.
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23. Apparatus according to claim 22, wherein the crystalline
al um nosilicate conposition has a pore size in the range of fromabout 4 to

about 13 A S MENDED SHEET. (ARTI CLE
19) %ﬁgéﬁﬁ??)g . Ii’CJi'ﬂgS95/l3040 |
PCT/ US95/ 13040 24. Apparatus according to claim 22, Whereim the

crystalline alumnosilicate conpositi conpri ses 5A '
25. Apparatus according to claim 22, vv?l‘grei n the crstm,mH"""mﬂ"ﬂrm'
al um nosilicate conposition conprises a binderless nol &cufFart sireve. '«
26. Apparatus according to claim 1, wherein the solid-phase physical
sorbent nedi um i srqpresent in said storage and dispensing vessel with-a
cheni sorbent mat di3-aAPRaratuy aceuding e glaimhi 1G, whereihithei selidphasesai d
sor bat e gas piwsical Berbent mediufi/cort@iPe it Moré ¢isan 91 pait-per-aifiof Bf welght ei n
t he chem sorgint mat er | arlnt ha? rptive affinit .si.oré}on-l nert, ...

aoe componehts Eelected irdm 186 gfoup songisting gl Wates @nd AYAIA 1 ¢ ne

at nospheri c 9
cheni sor bentransiticer imétat species; sbasexdt: aore ther weightc of dhér physical gsorbent

consi sting Qfadium (A) a scavenger including a support having

associ ated therewm'th, but not covalently bonded thereto, a conpound which
in the presence of said contam nant provides an anion which is reactive to

CLSEL L, ol chppaiuscantanirgeno, el N2t el o
| .
car bani on s@uhﬁ@aliéﬂﬁlﬁm&eﬂﬂ‘& «9898?&&%8? figce °°mp%’|’%'?t5ns£lﬁﬁtg@af’85hi on
conpounds hihe ga_om(a:omaistiggodf watef ranah axidict tradsition ahetal spéciespbiased on
g 'O:J? Cg“;g”ﬁpgﬁ&ﬂ&g&&ﬁfhﬁfﬁg ég{,@é@‘;%@&nﬁ Zrﬁgﬁiu?ﬁ! R insfftient to de%%eon
more than 5% by weight of the sorbate gas after 1 year at 250C and said

interior pressure, in said storage and dispensing vessel.

15. Apparatus according to claim 10, wherein the oxidic transition
metal species are selected from the group consisting of oxides, sulfites and
nitrates. ' '

'16. Apparatus according to claim 10, wherein the sorbate gas is a
hydride gas. - -

- 17. Apparatus according to claim 10; wherein the sorbate gas is
selected from the group consisting of silane, diborane, -arsine, phosphine,
chlorine, BCI3, BF3, B.Ds, tungsten hexafiuoride, (CH3)3Sb, hydrogen

i hydrogen. chioride, hydrogen lodide; hydrogen bromide, germane,
.stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride,

,18. Apparatus according to claim 10, whérein the sorbate gas is
boron trifluoride.

19. An adsorption-desorption apparatus, for stbrége and dispensing
of boron trifluoride, said apparatus comprising: -

a storage and dispensing vessel constructed and arranged for
holding a solid-phase physical sorbent medium having a sorptive affinity for
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(B) a scavenger conpri sing: (i) an inert support having a

. surface area in the range of from about 50 to about 1000
square nete ram and thermally - stable up to at | east
about 250 VOIS WD 96/ 11739 w
PCT/ US95/ 13040 : : i)

Goncent rati on of from about 0. 0L to abocy E‘eosﬁSFSLtllﬂﬂllﬂlﬂllllﬂﬂlll e
support, and for med by t he deposition on the support “of ‘a

cesi um and SRR FIGHER, e Siecien] gl Bitad tlippiigunto and out of (1

sai d supposald vessel; 29 Appar atus according to claim 26, wherein the
chem sorbent material is selected fromthe group consisting of potassium
arseni de and tri tyllithium . An ion i npl’ant ation system:
conprising a redgtolid-slase physical Ea@ﬁﬂ\t mediua: hantng: pssorptive affiniy, for

i mpl ant at i pBre RANGSHe, Cdiepbssd iin said éioeagstuﬁwruisﬁnsmng&eiamdaﬁﬁagent

sour ce, ip the r agent source conpri ses:
adsorptlongrﬂéh(g'rg ﬁesffb'f) ratus, for storage and di spensi ng of a gas, said

apparatus conpri sing: a storage and dlspen5|ng vessel constructed

and arranged fo o] Wéﬁfﬁ r n dj ﬂ?ﬁ% for
sel ectively fIO\?\AOE@ g!a@gf’ﬂ?é ghg Q o ebsésde)l ﬁ tsa'iW EUﬁa ephase
physi cal sBhydirgl serheohmeditipsandi n sai d st or age and di spen5| ng vessel an
I nterior gas pressure; - - . a serbate gas physically adsorbed on sald .

nt er connect Pﬂéiﬁéﬁgﬁ‘iﬁ&%&ﬁ?&%@bﬁﬁbm; V aisgatR Rthen at i of
appar at us Storage dridodispensing vesselp andt tonstructed: and arranged to provide,
exteriorly of said storage and dispensing vessel, a pressure below said -
interior pressure, to effect desorption of at least a portion of said boron -
~ trifluoride - gas from the solid-phase physical sorbent: medium to yield
desorbed boron trifluoride, and gas flow of said desorbed: boron trifluoride
gas through the dispensing assembly.

- 20. Appara_tus according to claim ‘1, 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-
phys:cal sorbent medium S

paratus according to claim: 1, wherem the' sohd-phase physical
i mreompnses a material selected from the- group: consisting of
08 > molecular sieves, alumina, macroreticulate polymers,
kleselguhr, and aluminosulicates
22. Apparatus according to claim 1, wherein the sollcf-phase physical
sorbent medlum compnses a crystallme alumlnosmcate composltion

23. Apparatus acoording" to claim 22 wherein the crystalline
aluminosilicate composition has a pore size in the range of from about 4 to
about 13 Angstroms :
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one anot her, and constructed and arranged to provide, exteriorly of sai'd
storage and di spensing vessel, a pressure below said interior pressure,

ef fect despr-g}d_g&g‘lg%’nat |l east a portion of said sorbate gas fr?{%ﬁ)@&(ﬁﬂ“ d-

phase physic t medium and yield desorbed gas, and gas

WD 96/ 11739

PCT/ US95/ 13040 sai d desor bed gas throggh the di spen he
i on inplantation apparatus; . wherein the solid-p umlmﬂ 'll ml[
sorbent nmediumis dev0| d of trace conponents selected fr

consisting of wateg ha%%@da%a&ﬁqt{&”ah@ﬁo'ézﬁehﬁderéiﬂe“tgss dr?stamne

sufficient concent rat o) he so I'n”sai age a
di spensi ng vegluminosilicate compositiopaarprisesobAJnplecylangievgyas reagent,
conpri si ng: provi ding a storage and dlspen3|ng vessel containing a

sol i d- phase physical s rben medi um havi y s.or |ve af f [.ni ty
for said gas reage%; Rppa ﬁ)h?gﬁzggﬁh% E‘g %?heég g‘é Pd afystafliges;; g
sol i d- phase phjuminasilisatebeompositionroomsprisesoa thinderisss, mbleoyjaﬂ slevesor bat e

gas-| oaded physical sorbent nedium and sel ectively desorbing at
| east a portion of said sorbate gas fromthe sorbate gas-|oaded physi cal

sorbent nedi um by26eAppatatys assondingitasclajmi bwherein the selidphgserphysical
mgrglolnl gn%h\gggﬂient rméeu'uﬁns g§1 resfeﬁrir;e |ﬁ| ﬁﬂé;ﬁbf qmamag als g§h§q¢§ﬁa§e§w an
nsut £1 i ent - SAEMISAthSRAL vatenal haxidse BOIIE ARNEY 1oh SonADINASTY & $9idsai o
storage and dsorbategag theredl after 1 year at 25[err]C at said interior

pressure. 32. A process according to claim 31, vvherei n the
sol i d-phase physical sorbent nmedium contains less than 3

parts-per-million 8Y. Anprasetus: acearting depsiaimt 265 avaeraln thanrﬁhawsgmm
consi sting of mgérdl HEta esrptive éfrﬁmy%fdrlrmh mhaétrrﬁsgﬁeﬁé gesesed on the

wei ght of the physical sorbent medium process according- to
claim 31, wherein the solid-phase physical
28. Apparatus according to claim 26, wherein the chemisorbent

‘material comprises a scavenger selec_:ted from the group consisting of:

(A) a scavenger including a support having associated therewith, but
not covalently bonded thereto, a compound which in the presence of said
contaminant provides an anion which is reactive to effect the removal of said
contaminant, said compound bemg selected from one or more members of
the group consisting of:

() carbanion source compounds whose corresponding
.protonated carbanion compounds have a pKa value of -
about 22 to about 36; and |

" (i) anion source compounds formed by reaction of said
, carbanion source compounds with the so_rbgte gas; and

(B) a sc‘av_énger comp'rising"ﬁ
() 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
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sorbent nmedium contains |less than 100 parts-per-mllion by weight of trace
conponents selected fromthe group consisting of water and oxidic

transiti ogygag peci es, based on the weight of the physic

medi um - l3\:!7)3!“5596/ 11739 o ﬁ'&/ﬁ&‘sﬁ%
PCT/ US95/ 13040

process according to cI ai m 31, wherei b2t he solid- ﬂ UJ m Iuwrbent
medi um contains no nore than 1 part-per-mllion b

conponent s sel ect: ed fromthe group consisting of wat er and ‘oxi di c

trgnsmon ‘et al aaSacthesstsavengmgesm@bt prﬁsehh%npihbgsu‘ﬂitor{ﬁaf Benfj o

nedl um COr al erel n I - phase
physi cal sor bent mg Ee‘?aﬁF%m Wﬂ&@%ﬁﬁﬁ%‘?&s E&Fé’fﬁ e&l fromthe
group consisting oSupmrb.r aadoformedl bytthandeposrhommmlthepsmpm-t dfaaed on the

wei ght of 't he physg [ C
deconposi tion of tﬁ;aus%r at e .gas rgts,élﬂ Hdr?rré n rm’rgidiﬁés'a@s %l se |n
interior pressure QWGPS'PW\EE tﬁ?"’ﬂﬂmfﬂsﬁﬂcﬁlm&%PHFQJY%IFstbéfﬂang

vessel . 36. oﬁr@[cpe@ppomccor ding to claim31, wherein the oxidic
transition nmetal species are selected fromthe group consisting of oxides,
sulfites and nitrates. ' 37. A process according to claim31l, wherein

t he sorbate (28 Mparatyaraq@rgm to claim 26, whereincthe aohemndortgpnto claim

31, wher C of

i1 ane, el s SR AR, B QAR CEfRICHAT O gt LR SPdigt, SAa

Blerr] D[tél 'F '%'ngst en hexafluoride, (CHerr])[err]Sb, hydrogen fluoride
hydr ogen chl ori de, hydrogen iodi de, hydrogen broni de, gernmane,

[ I bi | d I d | d ( |
30 A pr oces %A B R Pishiatar sysibiy 285G s GPagell e B on
trif uor ire@gent sourcesmatexiglrand-an ion rimplantatiom appanatusr eoupled inogasi si'ng:
provi di Hghwp conhBRRaBBA WithPsaal f&gﬁﬁss%ur&@nta%nmréms%é dre%%%? |

source comprlses

an adsorptron-desorptlon apparatus, for storage and drspensmg of a
gas, said apparatus comprising:

- a storage and dlspensrng vessel constructed and arranged for
holdrng a solld-phase physncal sorbent medrum, and for selectwely flowing
gas into and out of said vessel;

as fid hase physical sorbent medium drsposed in said storage and
-an. interior gas pressura,

dispe

e gaa« physically adsorbed on said solld-phase physmal
mmemmﬁmmd

a dispensing ‘assembly interconnecting the storage and dispensing
vessel and said ion implantation apparatu.s__in' gas flow communication with
one another, and constructed and arranged to providé, exteriorly of said
storage and dispensing .vessel, a pressure below said interior pressure, to
effect desorption of at least a portion of said sorbate gas from the solid-
phase physical sorbent medium and yield desorbed gas, "_a_nd gas flow of
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p-"hysi cal sorbent nedium having a phy5| cally sorptive affinity for said gas

reagent; WD 96/ 11739 PCT/ US95/ 13040

- 55 PRYG bGPy sorptively |oading said gas on said sol i sepogsstizos
physi cal sorbent nedium as a sorbate gas, to yield a te gas-1oaded
physi cal sorbent nedium and = selectively desorbing at |east a

portion of said sorbate gas fromthe sordte gas- Ioadakﬂm” '

medi um by reduced pressure desorption, for dispensin m!”ﬂﬂ"tmr
wherein the solid-phase physical sorbent medi um concenttati oh of t¥ace
conponent s gaicaessrbedgas o ﬁ!ﬁe@i&pﬁrﬁiﬂ%ﬁs@émbﬁiﬁﬂhé@rﬁim plantetionki di ¢
transition rret al eci es, based on the weight of the physical sorbent
medium is 3. ?tlugf ent to cause deconposition of the sorbate gas resulting
in nmore than a 10%rise in interior pressure after 1 week at 25[err]Cin

sai d storage andgﬂ? gﬁpﬂ‘\ggomﬁéﬁﬁée physical sﬁilberﬁ rﬂéﬂﬁﬁlﬁs?fnegléfcfi'd??iﬁ& cl ai m

40, wherein the ium cont a €ess an 350

parts- per - mcpmmnems \ﬁ@'ﬁ&lﬂ mt"!ﬁ:ﬂ"%ﬁ@ﬂ%‘ﬁi’@g o water dnetalsand oxjdisup
consi sting efansfiof nféidl %bbéie% il %‘%Lﬁﬁd?é’mrr%ﬁéerﬁ?&ﬂarﬁ&o dééscifipese tihe

wei ght of the process accordlng to

cl ai m 40, QF%%SI Canﬁﬂq‘i" gﬁfﬁﬂ?@'}ﬁf}&ﬁﬁ%"‘gypﬁﬁﬂk nmedi um cont ai ns | ess

than 100 parts-per-mll | on by wei ght of trace conponents selected fromthe
group consi sting f cies, based on the
wei ght of the ph?gl C ent%’ﬁ%gag*éé%%rﬁé@e@ accord| ng to
cl aim40, wherein the soI | d phase physi cal sorbent nedium contains no nore
than 1 part-per- B?é\hd r@nd’ﬂléﬁei‘fsﬁ'qva@ﬁl%r&aﬁﬁig?@ §éllafrmﬁsbhe

velght Cor 1 RBY %ﬂ@@ﬁe&@e@m@ e physicaily soroiive, ey Tt saidhiaes ™ o

claim 40, wreagent; t he sol i d- phase physical sorbent nmedi um concentration of
trace conponents.selected fromthe group consisting of water and oxidic
transition nmetal species, based on the weight of t he physi cal sorbent

medi um |'s i nsuf physically ts@mwrmnmadtmoa%wq s@udgnha%e physiedr bat e
gas after lsyft thediahtasl & sdibateagss, 1ot pieida Sorpafe gas-loadéd! physicdlaoe
and di spensi nl% n?mecklum and

selectively desorbing at least a portion of said sorbate gas from the
sorbate gas-loaded physical sorbent medium, by reduced pressure
desorption; for dispensing thereof; -

wherein any water, metals and oxidic transition metal species present’
on the sohd-phase physical sorbent medium are at a concentration which is
xto"decompose more than 5% by weight of the sorbate gas in said
dispensing vessel after 1 year at 25°C at said interior pressure.

32: A process according to claim 31, wherein the solid-phase physical
sorbent medium contains less than 350 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.

33. A process according to claim 31, wherein the solid-phase physical
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.
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56 45. A process according to claim 40, wherein the oxidic
transitiong pecies are selected fromthe group consi Sticido des,
sulfites an [ %-'rsgt es. ' 46. A process according to claim 4%‘%%% ein

the sorbate gas I's a hydride gas. ' 47. A proeess—aeeoLdLng_Lo_lal m
40, wherein the sorbate gas is selectggd fromthe g rouEvconm sting

si | ane, diborane, arsine, phosphine, chlorine, BO [ ,mm m””"L/d
rogen

~Blerr]Derr], tungsten hexafluoride, (CH3) 3Sb, hydr
chl ori de, hydrogen | odi de, hydrogen br.om de, gernmane, ammnl %t i*bi ne,
hydr ogen sul fi de, hydrogen sel eni and NF3

de, n tel]uri
48. A process b PIOGRSS accordingt Q(F'a'ﬂ%g? e\%ﬁ'eﬁi@ gg@"@é? Rhysieal on
trifl uoriséebent mediund tonfiing Adompte marvl&smrpbewmrmoncw wdight of traege and

di b fl d di

o <pens, ool bldchtd 1Bb1 s oRRECoaRET of AR e Sl wansipdt O
medi um hanétal spegiessbased pndbe weight of therphysicad sorkerdmedium.uor i de;
physically sorptively |oading boron trifluoride on said. solid- phase

physi cal sorbent rredl um to yield a hor ifl u I de- | oaded si cal
sorbent nedi umS.fhgrocess a@@ieettpm@ sésw Bfﬂﬁ splid: ﬁﬁﬂécﬁﬁ of said
bogI on trls‘druaﬁtl rﬁedfum&bhbentbatramonraéé oompdmdnwsetécréwmthes rdugm t
- nedi um uce re
A pr oces SRSEING,at RiEF BG S Yaehfihy et Shodh BAb BF 68 weight gt he
sol i d- pha:iéhglphyscal sarbebt mediur; isiinsuificient t;o;tcauaerdmpmposntlon Of the
sorbate gas resulting in more than 25% rise in interior pressure after 1 week f
at 25°C in said storage and d_ispensing. vessel.- '

36. A process according to claim 31, wherein the oxidic transition
metal species are selected from the group consisting of oxides, sulfites and
nitrates. : : o

- 37. A process. accordrng to claim 31, wherein the sorbate gas is a
hydrrde gas ' - : : :

38. A process according to claim 3t; wherein: the. sorbate. gas is.
selected from the group consisting of silane, diborane, arsine, phosphme
chiorine, BCi3, BF3; B2Ds, - tungsten hexafluoride, . (CH3)3Sb hydrogen
fluoride; hydrogerr chloride,. hydrogen iodide,. hydrogen. bromrde. germane,
amme 'ne; hydrogen sulfide. hydrogen selenrde, hydrogen telluride,
and: . L

. 39 process accordrng to. clalm 31, wherem the sorbate.gas is boron
trifluoride. : SR D : :

0. A process for supplying a gas reager::. comprising;
~ providing a storage and dispensing vessel. conteining a solid-phase

physrcal sorbent medium- havrng a physroally sorptlve afﬁmty for said gas
reagent; AR . _ :
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57 enhanced desorption of the sorbaﬂwﬂﬂﬂ "l mmﬁlﬂol I d- phase phyS| cal
sar bent nedi sve 96/11739 51. A process im 31, h%b.?

sol i d- phase physi cal sorbent medi um conprises a fatéerial selecte rom
the group consisting of = si:lica, carbon nolecul ar sieves, alum na,
macroreticul ate polyners, ; kieselguhr, g&rbon, and al um nosi | i cates.

52. A process according to claim31, wherein the solid-phase physical-
sorbent nmedi um conprises a crystalline alumnosilicate conposition.

53. A process accphyéiaw t sorptivélyn ibddinghsaid Has fon eaidstsahw;mase physical

al um nosilicate ion_h r e t e
~about 13 An gft?%ﬁs'qga asa %afbg% §P§t§%¥t°3‘!c%§8 %gt%%' (%@ gg%\fﬁ rein
t he cryst al Isonkent mediumioand i cat e conpositi on conprises 5A nol ecul ar si eve.
55. A process according to cI aim 51, wherein the crystalline

alumnosilicate c 05|i 8 rises a binderle s ol e ar sieve.

56. A process ac&?ﬁ%twgyt esorhi Qlle%@rﬂ?ﬂ'oﬂh §Rid, ﬁo"&ﬁé&@%?hﬁ'?%me

sgr bent gedlsorbate [gassioadedn mwstbaﬁtebmf ?ﬂdemuaPeWI n@dueedelpwss?ra ;
chem sor ben a ve affinity for contam nants of said
sorbaferr] tdﬁggk 49 lfopsi\ébg'qﬂﬁgiﬁé% ‘ccor di ng to claim 31, wherein the
sorbate gas conprises an inmpurity conponent, and the solid-phase physical

sorbent medi um i syRYrElH Y5l sPﬂd td?\%sét gﬁ&@laﬁdrb@n? nﬁa@um éﬂ’r%%ﬁ'trah?ﬂ%f“er

with an i urlt scaveg% ur i nent rom he
sorbat e gas trace compon S selqﬁtedéwabe&rqmg‘-%'sgngl%wetermn@t

chem sor benoxidi trahsition'Wetdl specids, basallom the welghtsfthensHysicil rgaﬁaéﬁf ic
gases. medium, is insufficient to cause decomposition of the sorbate gas resulting
in more than a 10% rise in interior pressure after 1 week at 25°C in said
storage and dispensing vessel.

41. A process according to claim 40, wherein the solid-phase physical
_sorbent medium contains less than 350 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.

42, A process according to claim 40, wherein the solid-phase physical
sorbent medium contains less than 100 parts-per-million by weight of trace
components selected from the group consisting of water and oxidic transmon
metal specles, based on the weight of the physlcal sorbent medium.

e 'process according to claim 40, wherein the solid-phase physical
sorbeif ddmm -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.

44. A process according to claim 40, 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 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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59. A process acco mu“euuﬂlﬂ"ﬁlmm wher ei n the cheni sorbent
WIS 2 scavenge e group consbé? &6
(A) a scavenger 1ncluding a support aV| ng associ ated therew th, but not
coval ently bonded thereto, a conpound mhlch In the presence of sald

58
mat eri al

contam nant provides-an ani on which .
sai d contaminant, said conpound being “Sel.ected fromone or nore menbers of
(i) carbani on source conpounds whose
pr ot onat ed carbanion. conpounds have a pKa val ue of

t he group consrstlng of :
correspondi ng

from about 22 .to .,about 3

d
formed by rea8Pi hPHAceSS; %ccorglng E%P&%!m &0 s‘%ﬁlﬁr@g‘ ggl oAl ﬁ%r‘rﬁoun >
sor bat e pwdal speties are se(eB)edafrenathmgmupcompsrsMgr@f oxrdes, sulfrtes and(i) an

eactive to effect the renova

of

inert su gﬂte having a surface area in the range of from about 50 to

about 10

are neters per gran1 and thermally stable up to at

| east about 250[err]C and (i) an active scavengi ng species,

present on thﬁGSWBFddesétadbordmg 10" BRAL 40, WhBrélh theosrbate/igad [8lal 0 about

1.0 nol eayg | iter of - support, and fornmed by the deposition on

t he supp
pot assi um rubidium and cesium and

and pyrol ysi sayhoy galcdid SEbHAMIPRE daim 40, whBfbin AR S6RReaGRE" W N0 L0

claim56, wherein

consi sti
adsorpt i

ride 985G oup 1 A metal “sel ected from sodi um

em sor IS se ecte
selegted,fsoms the, groups eansisting of sllaneyrdlb@nqnemarsme phqsphmr

olniorlne,orBGlsonBEspEBﬂspaun?stenShexaﬂmrwej {Chix3Sbnchydrogepas

S0 babl <o iide, W Gghn SHarUR, MdiogS 561, Byl B G e,

ammonia, stibine, hydrogen suifide, hydrogen selenide, hydrogen telluride,
and NF3. . o N

48. A process aocordrng to.claim 40, wherein the sorbate gas is. boron
trifluoride. :

49. An adsorption-desorption. process for storage and dlspensmg of

. boron tnﬂuonde, said process compnsmg

trlfluorrde,

- providing. a storage and'dispensing vessel containing a solid-phase
physical sorbent medium havmg a physrcally sorptive - affmrt;t for boron

T sorptlvely loading - boron trifluoride. on said solid-phase
rbeat medium, to yield a boron trlﬂuorrde-loaded physical sorbent.
medrum* and c o

selectively desorbing at least a portion of said boron trifluoride from
the boron. trifluoride-loaded physical sorbent medrum, by reduced pressure

desorptron, for dispensing thereof.

50. A process acoording to claim 31, further comprising selectively
heating the solid-phase physical sorbent medium, to effect thermaliy-
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59 a storage and di spensrsrrfﬁ vessel construct ed and arranged for

hol di ng a sol i d- phase physi cal ml I“rlm tlﬂpﬂafsgrpﬁsls?g;: ;glﬁ/}g%l}?w ng
eind i

gas into and ai d vessel
medi um di 'spogg&d;q’ﬁgi’; d storage and “di spensr ng vessel at an in

pressure; a sorbate gas physically adsorbed on said solid-phase
physi cal sorbent nedi um : a di spengi ng assenbly coupled in gas flow
comuni cation with the storage and di-spensi ng vessel, and constructed and
arranged to provide, exteriorly of said storage and di spensing vessel, a

por tion of Shanesfl, UBRSTEh, BEIAS astbald i, Hoim HaCHaHS PhaBh. Ahvaar

and yi el d dsotherddmeditm.and gas fl ow of said desorbed gas through the
di spensi ng assenbl y; a cryopunp coupl ed to said dispensing assenbly

o e L2 19 suees apodiiing H A AT e SERERBAbS PEVFRR! phase
physi cal sgsbméntrmddium compfrises Q::Memd reeteetedgfrom the gronp wonsistingaof
ey AR R3h, Fbiccuial Siehes?, BmPal” HdeBrifie, Bé@ﬁttﬁt

medi um to yk!ﬁss@mfdcgmmmwmlmlhﬁﬁtassol i d- phase physical sorbent
medium at an interior pressure in said storage and di spensi ng vessel;

establ i shing, exteriorly of said, stora ng vessel ressure
bel ow sai d int erri-’ Aprogess acceding f%Eg gkr @19 g?"q -phase Bﬁ)ﬁgfﬂ’@lr on of
sai d gas freorkdm mediuth comprises escrystallirg hmmnnﬁdcaw comgesitiohed gas, and
fl ow ng said desorbed gas out of the storage and di spensing vessel;

AMENDED SHEET (ARTI CLE 19)
53. A process according to claim 52, wherein the crystalline

aluminosilicate composition has pore srze in the range of from about 4 to
about 13 Angstroms. ' S -

54. A process according to claim 52, wherein the crystalline
aluminosilicate composition comprises 5A molecular sieve.

55. A process according to- claim 51, ‘wherein- the crystalline
aluminosilicate composition comprises a binderless: molecular sieve.

56. A process according to claim 31, wherein the solid-phase phyéical
sorbent’ medium is present in said. storage-and: dispensing vessel with a
chemlsorbent _material: havmg a sorptrve afﬁmty for contaminants of said

5 A p?ocess according to. claim. 31, wherem tha sorbate gas
comprrses an impurity component, and the solid-phase physical sorbent
- medium is provided in the storage and dispensing: vessel together with an
impurity scavenger for removal of the impurity component :from: the sorbate
gas. :

- 58. A process according to claim 56, wherein the: chemisorbent
material has a sorptive affinity for non-inert. atmospheric gases. .

AMENDED SHEET (ARTICLE 19)
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vessel o gontartt ot nea' o ol ARSI &' o7 235 &7 hesPr o

hi gher t hawoPfal 'ﬁ?essure of the désorbel gas fl owed out of H#&&

di spensi ng vessel. 61
1 63. An adsorption/desorption apparatgﬁ for storage and di spensi ng
sai d apparatus conpri sing: orage and di spensi ng vesse
a solid-phase physical sor bent medi um and a gas sorbed on the

-physi cal

conmuni cati on _
di schar gimateriabcomipeises a scavenget selastat:fromothe gnoup aansistimgsafcal so

medi um
di spensi
di spensi

7 on Wi A" piblss accarrinel g8 GRERSEES SERIN beCBHBHTRoARE Gl Tor

64. An adsorption/desorption apparatus for storage and
ng of gas, sai d apparatus conprisin a stora

ng vedfd| aﬁﬁﬁﬁﬁﬂﬂ?’d"@'yﬂlﬂﬂ-% BHBROR M‘Qﬂilﬁs%ﬁﬂtﬁq therewithybyt um and a
gas sorbegt %vhié@'rﬂp"b@rhde’d theretes cm@bu

ot o 1 1 ‘e Bbafliee an AOH BN B Toail s etect e B s

vessel .

contaminant, said compound belng selected from:one or more members- of
the group conS|st|ng of

- (iy: carbanion source compounds -whose-corresponding
protonated carbanion compounds have a pKa 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

(B) a scavenger -cOr_nprising:-
(i) an inert support having a surface area in-=_thef.réh'g.e. of

from about 50 to about 1000 square:meters per gram; and:
thermally stable up to at least about 250° C; and '

ng

sure is
and

CLAI M5

of gas,

hol di ng

r bent

ge and

fd whlch in tife Pregents m@te‘nbfy
in the

(il) an active: scavenging- specles, present on the support ata

m,f@rmed by the deposition on the support.of.a Group |A:
o -. from sodium, potassium, rubidium, and cesium and
ar d alloys and pyrolysis thereof on said support.

- o ."'
-----

fors of from. about 0.01 to.about-1.0- moles -per. liter. of

60 A process according to: clarm 56 wherem» the chemlsorbent-- |

material is:selected from the group consisting of:- potassrum_,_grsemde and-
trityllithium.

61. An adsorption-desorption appa_ratos; for storage_and. dispensing

of a gas sorbable on a solid-phase. physical sorbent: medium; said apparatus
comprising:

" AMENDED SHEET (ARTICLE 19)



65. An adsor ption/ desorption appar at us for storage and di spensi ng of gas,
sai d apparatus conpri sing: mﬂm‘mﬂ di spensi ng vessel hol ding a
sol i d-phase mnysé/eaBe sor bent H“mum“il gas sorbed thei’é?li]swnom
a di spensing assenbly for select!vely ‘di schargl ng gas fromthe vessel; and

62 a punp coupled in gas flow communi cation with the dispensing
assenbl y and arranged to punp gasspromthe vessel so that the gas is
‘desorbed fromthe solid-phase physical sorbent nmediumand flowed

t hrough t he di spensi ng assenbly. 66. A system for manufacturing

Ze\r;‘égggldUCt or I”ﬁltag"été? é’;alrglrﬂlﬁ engoﬂlessel °°§|§‘g“,‘&§a aﬁﬂ”ﬁrtﬁg‘& for
sem conduct 3?"? s(gla %%Pt%?!ﬁ@cwp Hg jum, and‘for s%‘%?ﬂ"yﬁ@nﬂ?wg‘g

assenbly adzgasadtdandlcmtlmasgﬂ vessel;t he vessel gas desor bed fromthe
physi cal sorbent nmedium and a seni conductor ‘material or

sem conduct or device manufacturin apparatus, coupled in gas flow
comuni cati on wi téhselik-phrse physicgl sorbent am@um dispased (insaid stajagaans f or

manuf act ur e qiépdnding 9BLS61 T Hif Mterior gas pRs8lFetl Oor sem conductor devi ce.
67. A process for manufacturing a sem conduct'or, conprising:

provi ding a gas storage and dlspen5|ng assenbl y |nclud|ng a vessel
~hol di ng physi cal ssurbate gesi physieailyadsasbedr treosdid eselidrphase physucal

'sorbent 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 pressure, to effect desorption of at least a portion of said sorbate gas
from the solid-phase physical sorbent medium and yield desorbed gas, and
gas flow. of said desorbed gas through the dispensing assembly;

a cryopump coupled to said dispensing assembly for preSsurizing the
desorbed gas and discharging the pressurized gas.

- 62, A process for storage and dispensing of a gas sorbable on a
solid-phase physical sorbent medium, said process comprising:

providing a storage and dlspensmg vessel holding a solid-phase
physmeizserbent medium;

:"""_rbmg said gas on said sohd-phase physical sorbent medium to
yield sald gas adsorbed on said solid-phase physical sorbent medium, at an
interior pressure in said storage and dispensing vessel;

establishing, exteriorly of said storage and dispensing vessel, a
pressure below said interior pressure, to effect desorption of at least a
portion of said gas from the solid-phase physical sorbent medium as
desorbed gas, and flowing said desorbed gas out of the storage and
dispensing vessel; -
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desorbi ng gas fromthe physical sorbent nedium - flowing the
desorbed gas to a sem conduct I | m conduct or devi ce
manuf act uwagém7sEess; and |ml“ﬁﬂm ﬂ“ﬂﬂm rding to cl ai pcPisesp¥edeci n
the gas is utilized in ion * Sonpl afit ati oh.
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cryopumping the desorbed gas from the storage and. dispensing
vessel {0 a predetermined pressure, wherein said-predetermiried__pressur_e is
higher than the 'pressure of the desorbed gas flowed out of the storage and
dispensing vessel. " .
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