; e3e| dD$6ZT GAS PURI FI TH AN | NTEGRATED HYDROGEN SORPTI ON
5 AND FI LTER ASSEMBLY BA%W IMWME | NVENTI ON The i nvention rel ates
generally to gas purificat or the purification of noble gases
and ni trogewOollmgﬁ)@rti cul ar, tH&Yethod of purification teaaaneseyivesds i ng an

i mpur e gas, contactin with an inpurity sorption nateria
Lo’ br od ceAg Y cem&@w%ﬁﬁiwww%ﬁq Brefiiol® cos

t han about 100 C, and contact iAND F ASSEMBER®S W th a hydrogen sorption
mat eri al to|MmMMMWW|mmmrual hydrogen The system t eaches an inproved, |ow
tenperature ption and filter apparatus for substantially
removing all resdgwdl hydrogen and particles fromthe purified gas. 15 In

t he sem conduct or manufacturing industry pure gases are used in a variety
of Yranufacturing processes, such as chenical vapor deposition (CVD), plasnma
etch, etc. The purity of BR@I@@OUN@OFW@WVEW@N uring process becones
nore critical as the feature wdt Integrated circuits decreases. For
exanpl e, nore than a decade ago feature widths in the range of 20 3 to 5

mcrons were I%E Aaich refdids’ gRthity td é‘atsfiﬂhﬁkﬁﬂn% £tEﬂ=l§ }‘o? tH@ﬁﬁﬁlﬂ:afx&%Pﬁ&ﬂéM dths
of less than 0.2 mcrons are_ in production. smal l er feature w dths,

even a \EASSS angilregss) Iefpmaa,mhﬂamthodcefnplaﬁiﬁtg@ teachien heajing t andimpurecgast |
theg eby Qaakhimdyth tnpirs gﬁw&ﬁ bR abirdty s@ptiERLERANNE ptddicd S bhdHidiBAs ool Pl Cal

cont enporary 1{)ﬁdocess specifications require process gases to have | ess than

10 part sthpewrifisd) gas éma tespsyatese less fanwbeii 10Q° Coand qonteetanzathe punifiedsgas Bath 21 ppb
of cont Wt rptioh %H% ?ém&%"etres%%l Wd?dgeh e"rhé‘pskén%é%ch!a%n Hfirb®ed, low

materi a e renoval Fu;g)url ti rom nob ases and nitrogen. The
Bett er riGMBeIRGIres h%kegeenmw dilter aprasatuss fosesubgtentiadly neemovingi dh reprdual

typi cal | dFﬁ%@ﬁ%ﬁi Ricles RMPEE & da0 the range of 300 to 450 C

Unf ort unat el’y, Stéil hl esss stegf“%ut gases a significant anount of hydrogen at
tehé)_eretur_es above approximately 200 C. In the 30 past when process

speci fi cati ong ﬁé'@mn&&%rmm&tmgrm Pt P blcCsel! ACESArifSoft Ni S
was not a major problem However conf enporar g@ocess specifications,
t he hydrogufechuing amseses, s¥sinap shemeal vaos depositien (C¥D), plasme eWb,sFt%e'Bl@mBn%(

Si gni fi Cahe %hpgée‘an;h the M%&%ﬁé@%@%&ﬁ?&%&% 41 icf SCGOLAETE of
containing a rogen sor erral 1s yplca use to renmove the )
resi dual mmtedgeﬁutsﬁcvre@a% higar exampi¢, mare an Pé@cadwago At avidihoin theenwaugust

2450 199 0

2430 199 (% WSk haEAOTShedy) Yikpako UESTEhaALIAAM AR ICLORED
f r om t hed.gamicfong\are An sn;p@came vWith e$madler Hgature gridths, smnptal ey riaw eeved| ofadds

si ze, co nto
Ut 1 oot otk 38 Haf 8 an' pfRa 3R5E Wy 8P e inath o AllEhl

parti cl eits peFigrmance.e Typical smtbmpca@’y PO@8ssrepeai linatiomscreguingl nreqessnm@s tbéa\reelmsved
fromthey S J i i are
added 1 QR bR e o R Br el Cana St s B 1 i B cobleyagel
ma2®rial utilized for the filter element is typically Teflon, but other

Tor e expensi Vcﬁwggﬁo SHER uAeS hA bR RS the ALl OF fin ngdr&iafﬁanar e
very precise an e conponents’ 0 e gas purl |cat|o YA

addi t i onnabie gassstand pmogercl’éhefgett@ren%ermllw engased anphinless syechenhtaieyswhigh arsi ze t o

the gas @Hl M}J l?e%eh 0 a temperature in the range of 300° to 450° C. Unfortunately, stainless steel

outgases a significant amount of hydrogen at temperatures above approximately 200° C. In the

30 past when process specifications allowed 100 ppb of hydrogen in a purified process gas this was
not a major problem. However, with contemporary process specifications, the hydrogen

outgassed from hot stainless steel surfaces has become a significant problem.



15 systens. Teflon filters are tenperature sensitive and cannot be operated
i n environnents above approximately 100 C. Teflon filters can be danaged or
destroyed if operated above 100 C. Teflon filters may al so be contani nat ed
W th noi st ugg fles¥y@t €r vapor. A danmaged, destroyed or cont ggr/osdoadodsi | t er
must be replaced. 20 What is needed is a ?as purification system which
reduces the cbagseagvessel cop@iningphyiioasn sgrption matarigh isdypiraliy uspd tIGrIONE B8t i on

and par tﬂeﬁh@alflwd}cg%ﬁ.' OBriR@dchQ’ BRAC .52 Pat VQo05188348 WR‘GF_Q% 741E1993
| NVENTI ON PCT/ 1'TS00/ 19044 The present  invention provides fulfTills the needs
over t he(Bsiepasher) disclosesea Bynicab yesselncantpining achydragen gemptign gaatenialr | Fhix ¥esseln

syst em Wehlhids PhaURH @il GIFREY hydb gl Rim BRSL AHE! | L pafalSlest @A RIdORA
formfactor I nprovenents, and increased durability. The present invention
pro¥i dessorpiion matetial addssize.cromplaxity pes easttetthe gas patfidatipe sstergonponent s over

all and through utilizing nultiple integrated conponents. Prior art gas 10
purification systens are nore bul ky and conplicated. The present invention
achi eves i ncrlsaddition tecpumdicatiohfof npie gas; the gagyymusitaispibe diltexed tofempve pyytidles.at i ve
heat eXPP&H&ﬁJ ast EndlI8£2006 nferéh B{?irérﬁsa?l@rp%sttﬂ}%%@@éd ﬁ«‘c?ﬁ"ﬂge\’g Bt ;?6 fépthveO the

gas during the purification process. Prior art purifiers | acked a

r egener aparieles; dedicatedmattivigefilters §e pided to thetoutieiseqions 6f theigascurifipasionsystems.| i zed
di ggr et eTﬁEey?t%]tgﬁ%l%ﬂﬂz&%f thb Gtk c?&n&?%’lgﬁéa‘hly"&‘%ﬁ% bé\pﬁthgf ifiore @%;aé GiVEMateAt)s

i ntegrates e two conponents 1nto one I ntegrat'ed heater and puritication
vessel asshabiteel 2@ bPusedr art gas purification systens also utilized

di screte residual hydrogen sorption and particle filtering conponents. The
present invention integrates the two discrete conmponents into one

i nt egr at ed hyRirtdgehltasaggtveryrprenisd apd pipensiee ¢ampopentasitberpdsypurifibgion systgmsat ed
hydr ogen, so. i d i Ler hS: b : ating
i ool ot 8 BB hferf alsh ab LoD e Bl SfeERRRE piaARE
redfil ti nsysgas. Jeflod fiters iawrtemperatarn sessitverqud @anrioh bo opprated inl ¢rvirmuménts\gove

t | il 1 Z f d jnt t ed ts,
Comone AL ok SRS S8 B B A SRR
reduced meAusf filGksimsy hledbe conealhate @it Soisture or water vapor. A damaged, destroyed or

contaminated filter must be replaced.

20
What is needed is a gas purification system which reduces the complexity, cost and

physical size for equivalent purification and particle filtration performance.



WD 01/ 03812 BRI EF DESCRI PTI ON OF THE DRAW NGS PCT/ US00/ 19044 Figure 1
illustrates a schematic of a heated Better, gas purification syStemin
accordance 5 with the present invention. Figure 2 illustrates a Better
vessel of a weatemiBetter, gas purification systemin accoPOBm8w/1944¢h t he
present invention. 10 Figure 2A illustrates an inlet end cap of Figure 2 in
nore detail in accordance wth the present invention. Figure 2B illustrates
an outlet end cap of Fi gure SUMMARY OFIEHEINVENHONr dance with the present
invention. 15 Figure 2C illustrates a detailed view of an inlet end cap of
a Better vessel of a heated Better, gas purification systemin accordance
with the Theepresent investivni provides gﬂﬁm ﬂia ﬂeledismtetrahe:priar aet alheepresenc trivention vi ew

of inlet end.of a vesse heat ed.20..Bet t er as purificatiogn
oystbm i PROLS: AafrEcPUTIAITh S rEs ety FRUSHE FORCeRG e Pyt n ed s

fl ow charrbd\mhomshﬁmnﬁmtmmpmvethems,randimenbadadﬂmbmt)gas purification systemin
accordance with the present invention. 25 Figure 3 illustrates an

i nt egrated, hydrogen sorption and particle filter assenbly of a heated
Better, gaisl pUhe f presehd QfVeﬁt)'(ﬁlt provides aosioardiafem Victdn ﬁdp@ox{afrﬁﬁ@rﬂudugh(&'éﬁ/éron
Figure 4 illustrates 'on vi.ew " A" Fi g

i |l ust rat‘é’?Pﬁn‘?éscf’Y%na} @1 'ﬁ‘fhz'lggg‘mﬂé‘p% "ﬁ%&ﬁ?de °8mp?'}eﬂ‘§t g’&f”é?“agqsl ow

charg of ;ﬁmﬁbmoﬁgysaér@mhrenfomﬂlﬂkyrmﬂuﬁmﬁliwcung apparatus utilizing a heated
Better, gas purification systemin accordance with the present invention. 4

The present invention achieves increased thermal efficiency through utilization of a
regenerative heat exchanger to recapture a portion of the heat energy transferred to the gas during
the purification process. Prior art purifiers lacked a regenerative heat exchanger.

15

Prior art gas purification systems utilized discrete heater and purification chambers where

the present invention integrates the two components into one integrated heater and purification

vessel assembly.

20 Prior art gas purification systems also utilized discrete residual hydrogen sorption and
particle filtering components. The present invention integrates the two discrete components into
one integrated hydrogen sorption and particle filter assembly. The integrated hydrogen sorption
and particle filter assembly is also capable of operating at higher temperatures. This eases
maintenance and manufacture.

25

The resulting gas purification system is simpler through utilizing fewer components,
smaller by utilizing fewer and integrated components, and reduced cost through fewer

compornents, smaller components and through reduced manufacture labor requirements.



WO 01/ 03812 PGINS00119044 Figure 7 illustrates a flow chart of a flat panel
di spl ay manufacturing apparatus utilizing a heated getter, gas purification

systemin accordance with the present invention. WO 01/ 038l 2
PCT/ US00/ 19Géd ofAizsdl LED DESCRI PTI ON OF THE PREFERRED ENMBODpédEGw1604ki gure 1
schematically illustrates a gas purification system 100 in accordance with

one enbodi nent of the present invention. The gas purification system 100
includes an inlet 102, BRIEFDEICRIFAON OFOFHE DHAWINGSO! enoi d acti vat ed
val ve 106, a first heat exchanger assenbly 108, a heafted getter vessel 200
, a second heat exchange assenbly 110, an integrated hydrogen sorption and
particle filt g ASEaRbkites30RheBatReTUERA |BRER] %as%{riﬁ&'ﬁibﬁqyéfé}h ViPackdflian@nd an
outlet 116. The 10O system 100 al so i ncludes a bypass val ve 120, an inl et
opt Pon vaiithdhepresentipveniioRet option val ve 132, an outlet sanple valve 134, a
pressure relief valve 136) a vent valve 138, a vent line filter 140, a vent
| ine check valve 142, a vent outlet 144, and a relief line vent 146. The
interior surfBeur 8fillupeatesas gstien vesselt Porn bsptadegetiohi 64 puyfiggion shtteratiad by
a gas 153%%&p&&h§%eﬁmemn_-pol i shed. For exanple, the interior
surfaces of all of t connecting tubing, the valves, and the various gas
handl i ng assenbl i es shoul d be nade of a polished, nonreactive netal having
a sufficientl . j e 1 4T Or Dt : i ] egree
o ot hnoss! B TRE IMEFHE, hEinft PP 4 o RRuR R sl Bl I SecRRA AT g

m croi ncprefent nxgpiiadpri at e nmetal s whi ch can provi de such surfaces include
stai nless steel and industry-standard 20 all oys such as hastell oy, incol oy,
and nonel, which are available froma variety of sources. Such netals are
typi cal |y el eEignisB ilkibieatestan quitletindecap o€ Fignrgpein menefdatad in pecordanceawitloths, as
is well ﬁﬂegmi&vgmg&ose skilled in the art. The heated getter vessel 200 may
be made from any suitable material having sufficient 25 strength and high
tertperature resistance, e.g., netallic materials. In a preferred

enbodi ment) h v i i I rce
of inpure gasﬁﬁ‘@é‘%gzo@ﬂgf“tég&f sogggtgﬁﬁdﬁﬁgvtv o%:g‘% g%glgrltdrr%%?r%eﬂggegér ?%s@?scfdﬁe%féﬁt hat
the gas estpreab byrificatibrusissm imaenordaneswitnthe ipeeserd imyentidn. 0. 1- 10 parts per
mllion (ppnm). Wile, these 30 gases nmay be sufficiently pure for nmany
applications, they are considered inpure for the ultra clean processes
requi red for EBigmiecihilustrates ardetailed seatonaigrievErfiinbdt @sd of a geftdn vessplofa ipads

i ngl,ude nitro e {. i ded by conmercial gas
co(r\%%ani e§é&s°&§%§ g%rﬂiﬁa{r%&bsryg%ﬂlépg{c%g%%r‘g@?(ﬁ)ﬁ%{)eggn,&ﬁvgﬁﬂggmm, Pa. and Air
Li qui de of Chicago, II1.

Figure 2E illustrates a flow chart of the operation of a heated getter, gas purification

system in accordance with the present invention.

25 Figure 3 illustrates an integrated, hydrogen sorption and particle filter assembly of a

heated getter, gas purification system in accordance with the present invention.
Figure 4 illustrates a sectional view "A" of Figure 3.
30 Figure 5 illustrates a sectional view "B" of Figure 3.

Figure 6 illustrates a flow chart of an integrated circuit manufacturing apparatus utilizing

a heated getter, gas purification system in accordance with the present invention.



6 WO 01103812 PCT/US00/ 19044 Mass flow neter 104 is coupled to inlet 102
by a length of tubing and is used to accurately nonitor the amount of gas
flowi ng through the gas purification system 100. Valve 106 is coupled to
mass flow mayghyk8t Py a length of tubing and is normal |y sP@dsebidossd t he
operation of gas purification 100. The cool gas inlet 109 of the gas to gas
heat exchangeFiguneg illustrates g flowehart of 2 flas pengl display mapyfaetutingapparatys utilidingdy and
i S oper afy h iP&tiGA Sysiinh R ' ' ion-d:tf 0 the integrated
heat er agﬁmgé tg}gggggnbly32§%%5@ﬁg&g$g%§grggkggg&%dﬁﬁg?&&11 of the gas to
gas heat exchanger 108 is coupled to the inlet of the heated Better vessel
200 by a length of tubing. The detail ed description of the conponents and
the operation of the heated Better vessel 200 are discussed in nore detai
beldw i n the discussion of Figure 2, 10 The outlet 210 of the heated Better
vessel 200 is coupled to the heated gas inlet 113 of the gas to gas heat
exchanger 108 by a length of tubing. The gas to gas heat exchanger 108 is
operable to cool the heated gas fiomthe outlet of the heated Better vessel
200 and transfer at least a portion of the energy in the heated gas to the
i mpure gas. The precool ed gas outlet 117 of the | S gas to gas heat
exchanger 108 is coupled to the inlet of the gas to air heat exchanger 110
by a length of tubing. The gas to air heat exchanger 110 is operable to
transfer thermal energy in the gas to air which is forced across the
exterior surface of the gas to air heat exchanger 110. The outlet of the
gas to air heat exchanger 110 is coupled to the inlet 302 of the integrated
20 hydrogen sorption and particle filter asserably 300 by a | ength of

tubi ng. The detail ed description of the conponents and the operation of the
i ntegrated hydrogen sorption and particle filter assenbly 300 are di scussed
in nore detail below in the discussion of Figure 3. The outlet 303 of the

i nt egrated hydrogen sorption and particle filter assenbly 300 is coupled to
t he second sol enoid activated valve 114 by a |l ength of tubing, The second
sol enoid activated valve 114 is 25 coupled to the outlet 116 by a length of .
tubing. Figure 2 illustrates the heated Better vessel 200. The heated
Better vessel 200 preferably includes an el ongated, cylindrical outer
encl osure 202, a first end 204, an inlet 206 proximate to the first end
204, a second end 208, an outlet 210 proxinmate to the second end 208, a gas
heater 30 body 212, a plurality of heater elenents 214, a first quantity of
purification material 220, a second quantity of purification material 222,
a quantity of shot 224, an outlet screen assenbly 226, a first thernocouple
228, a second thernocouple 230, a third thernocouple 232, and a fourth

t hernmocoupl e 234. 7



WO 01 /03812 PCT/11S00/ 19044 The first end 204 and second end Q8 are
preferably wel'ded gas-tight to the elongated cylindrical outer enclosure
202. The inlet 206 is coupled to the annular volune 216 via a plurality of
passages 21Aaywhiedsiextend through the gas heater body 21 2. pChestioasedar

el ements 214 are coupled to an electrical power source (not shown) for
heating the gas heater body 212. 5 The gas heater body 212 is operable to
heat the gas aspDEFAIDED DESCRIFTIONOF THE PREFKERRED BMBODIMENES ages 217 to
the first annular volune 216, then the second annul ar volune 215, to the
unoccupi ed volunme 218 between the gas heater body 212 and the first
quantity of puigufd T aéhematicailyallisthte? dGas ptifidator aystent 100 At RPordence twifhl 616S

t hrough t he _Iura%jty of Passagesﬂ%ﬁ? and the first annul ar volugg 6 and
second afmPdmeRRL fheprosest InYERIOR, e, &3S RyTigHtiop s¥stgm 04 fnefydeg,qn ig éé%és 217

and the fidss o Metdrans, Wofirdid1eAdid 2oiivhiciostrd 08/ W idstlieaV OlcHiyePdsSertlils 1 08, AUt es
the gas flow over the heated surfaces throughout the gas heater body, 212.

The t enpdraledpedter vesip 200, # proopieat exchange agpenblygdetrintegratrddiyrogen spmtiongo

C., and iafiq pargitieridel ¥ssethB13t380, 4 fbnBHlerfoid aclivited 949 114428d Gn oddet 1€ The
oper ati onal eff|C|enﬁ%gpf the preferred heate er._vessel 200 is greatly

d,
ent&nced sKyemd a9 plsg indindey adypass vake d29. ajalebentio gVFa}werﬁa, 4y ptlst pRYjpn valve

enbodi ments thutikt smpiiaiid 134, brelstid feliePddlN 3604 Q6ktHalv4 208, Sveht HRS fikér
material. Also in a preferred enbodi nent the second quantity of

puri fi catlf®r veatliecheckyalveild2, 2 vept qublet ki, spdrageliejline vegi dfoti es are renpved
fromthe heated gas as the heated gas passes over the surface of, or
contacts, the first quantity of getter 220. The inpurities are chemcally
sorbed into t ke dgriossurieses Of gher gas purifeation systemiwhyelt mey beoxontagad by psgas

relgased fd bt BRad&R G611-36Hhed. ¥6SS@pRD thel ifitelibiesupfabdsCorn diUhd Edrfttingnd
typically has |less than 1-10 parts per billiogn (pqggibof cont am nant gasses,
S|

ot her t ha#bings thegiayes.-apd gy earious gasorepdiing aspamblies, gh adspfcasrolishede pon-

sur f aces (OftitdRetaRAVR: agﬁfﬂc?e'hﬂ% 958 raid WO mANli e Fh L1 d0HREE TR ekivibid Ehgree
typically create 10-25 ppb of hydrogen. 30 The non-evaporable getter

nat eri al of ymepiiness roft the poliskednmeiah vanface oiowld ebec hetvaen or andeds Byicwingdr Ra.i on

capaci ty Aﬁgfopg% YRl ORBRE carprBMRE ERh Afiriiidd inRRLE stTRIR Sedl Ahd RARHSVBRALAL! €
getters include, annngDPthers, zirconium vanadium 1ron. As diSclosed in

U. S0 pat allpyssuctmasiggelény; incgloy,agd gwpel, whigh arezyailable frgm agadety of sggeg giuch

4,312, 6691 afA,Q @ﬁ;ﬁﬁ% ?1@%;,?1%&@3 1o gBvilid R g?oggr %@g&éﬁ@gﬁ%oﬁﬁé H%g%ﬂ %%%4

di scl osures of eacr I'S I'ncor por rei y referenc
manuf act ¢ @oserslfiligden G atti r coni um al | oy Better materials are well known to
those skilled in the art. The specific Better material used is chosen based

upon the tenperature range avail able, and upon the slpeci fic gas which is to
be purified. Bhe heated getter vessel 200 may be made from any suitable material having sufficient

25 strength and high temperature resistance, e.g., metallic materials. In a preferred embodiment,

heated getter vessel 200 is made of stainless steel.

A source of impure gas is coupled to gas inlet 102. By impure gas, it is meant that the

gas typically includes impurities in the range of 0.1-10 parts per million (ppm). While, thesc

30 gases may be sufficiently pure for many applications, they are considered impure for the ultra-
clean processes required for semiconductor manufacturing. Examples of such impure gases

include nitrogen or one of the noble gasses as provided by commercial gas companies such as

Air Products Corporation of Allenstown, Pa. and Air Liquide of Chicago, Il1.



For exanple, if a noble gas is to be purified, the Better material can be
an alloy of Zr--V- Fe. Such alloys generally have a wei ght conposition such
that the percentage of weight of the three elenents when plotted on a
ternary conpweioi/sre diagramlie with a polygon having as i PET/USNOMHE

defi db 75% --2009 5% r--20% 5%F 5%
e o 1\ haad ok el 184 Sotbfe ol ler 10258 2,100 L pideg s\l 107\
4, 312, 66Qccubitey &foﬁhd)rythc ambeitredrggs Abwing thduginthe paywpingfidation systenf TAD. V\)Valv% Y

24.6 w | abl
((:ormer Ci épﬁf ?°Hp\9é?‘? By ?%W/%erteésﬁ%&f@?lﬂ\ﬁ%%@?%F&Aﬂn?ée a%gval aoéﬁqel'?'lg% 'y A,
M1an, | bpérytjon o‘f@a.sépl&iﬁchtadai H0BAht esolrpas infdt 409 6the pasrto fgas:miat erthafgebdigls nobl e
gas halos are _known to e art,

d t t
TS or of gyt B3GR ahBe 305 by, £ tonllhedt b8 S Gt B PRl ISR Wb 75 ¢ o
85% by wait@iictién n(taﬂ)edﬂ&gﬂ‘atebaidatétyanw g&terﬁ@dembNOZOM T30 preh8atpd gAvudaacionl |y

preferredq Better er| of 84 % zi rconi um an %
al um numg’cﬁ?ﬁ e &t 5@1'5 fﬂﬁ?F (’:’?]\gqfﬁh‘% “\%F(Stﬁrsv?sﬁegﬁégatéy i
St 101TM (enbthedf thbih@y Tﬁ@ﬂﬁ&]ﬁi}_ -E&Rfﬁoﬁ off the congfdnddtd amy thbt@bl)é)mn oheiemayted cal

enbodi nent_ of t Better erial t critical riety of Better
mat eri al BfHSF N%ss‘“ggg Eﬁé%ﬁ“ﬁs?)& ‘E‘H@rﬁp?tmbgg%‘?’@ @BWE‘P%P ﬁgﬁ’i‘?&l | abl e. For

exappl e, the Better materlal can con5|st of a multiplicity of small
pell ets. Alternatlvel

Better rial ma e provided | er ed
form or as al Rl 00531 Ei’r‘?@‘:" ﬁerﬁrﬁ%gf @‘Ss?élbé?‘ﬂé’t e hegt éasﬂlﬁlﬁ%‘gfg% gas
con]E acts g%shl@ gas heht dhdidmigert %osomy Beéﬂig&r of2@Bing! hﬂ}ei%atw@agn&tfekmwwes id he
surface o r co c t he .secon etter into
t he quanppw o ceﬁldg 5"2‘?‘1 sph oyl o %@hoaf?s%hﬁ%a@&t&rww%f?ﬁ F ks to
enhance g§abgio of AR teHérgs idthe hbted 28 1t6 the Bobhre igass OTReaTERORA Gas Emu:uu Bﬁof&we
|IIustrat es the first end §04 of the heated Better vessel 200. The | ocati on

of 1Phe i e Bppbeat pxphanger 10¥ js soupled frthe dplctafdhe Basdo paheaterchanger Hortre
t her nocownb® of A €rhepayd. aidtheat SehahbE0R8!ie ofteabld 20 BP thérniil ehbrsy Akhe

illustrates the second end 208 of the heated Better vessel 200. The )

| ocat | on8&fto airwhichiis tepced serossthe exterior syréace ol ga5dte At heat syehanges Iihown. Figure

2Cillustrates a detailed view of the first end 204 of the heated Better

vessel 200 . 5 The inlet 206 the p Iurallt?glof heater el enents 214 and. the
t

fourth ther mobtSuHle o 8 a8 & ArksthexcharegrddPis upled Mothpmista0? Py intigaiehges

213pare H)l«ﬁr cﬁ@&%enﬂa aﬁ&mﬂs@&s&&&y%& b?ﬁldn@thamt‘ulﬁﬁg“méﬂﬁﬁﬂedmaichﬁﬁéh si ze
and nunber he inlet 206 nay al so be off center rather than centered on

the firséf Eﬁ&%&nwﬁ%@dp%s%aj@é%wé tb«’pém%asat@i fdrpecsy samRtiongand: pasticle et ed

surface s&@bll 30tP Bre %&B&bﬁ&ﬂmtrﬁbr& B&ailBSow irPie aﬁecﬁs%n QﬁFx gfnleQ’,V\Bl“He Quﬁagoi bf St
annul ar volume 216. 10 The first annul ar. vol ume provi ded

transiti &8 laﬁamiﬂisltyldf%ﬁ? Sorptign gad PRftisls fi]rt?fn?sfﬁﬁ'é’lbéggdgéé’uﬁlidi to Alsc feﬁ%"dgas

fl ows i n§dderfoliactivdied vavinLil4asy ¥ Rhitief 2ubng, IR BesndlsbRNbil Scdrkadiventfi@ thin
| ayer to fl ow over the heated surfaces of the first annular volune 216 and

seédnd affviledito thepuilat 1508y 2 length OEBBHE- annul ar vol ume further thins and
distributes the gas flow over the

Figure 2 illustrates the heated getter vessel 200. The heated getter vessel 200 preferably
includes an elongated, cylindrical outer enclosure 202, a first end 204, an inlet 206 proximate to
the first end 204, a second end 208, an outlet 210 proximate to the second end 208, a gas heater

30 body 212, a plurality of heater elements 214, a first quantity of purification material 220, a
second quantity of purification material 222, a quantity of shot 224, an outlet screen assembly
226, a first thermocouple 228, a second thermocouple 230, a third thermocouple 232, and a
fourth thermocouple 234.



15 heated surface of the gas heater body 212. The relative size and

| ocation of the first annular volunme 216 and second annul ar vol ume 215 are
shown. Figure 2D illustrates a detailed sectional view of first end 204 of
t he heated Rayés@nsigessel 200 . Figure 2D illustrates the |poggtseeadoss he
second annul ar, vol une, 215 and the heat er dy 20.212. A pluralit
heaters may bEe st ¢ndeeP4 and e qﬁ'a@%&%ms‘m% gY&@F? Bamight It‘g&l&?l?ﬂ%éguch

as a resgdibiNéel baak enclasira ot m iaRe 206 1§661th0th hnhllgr Gdluhbe166ad ad
Better vessel 200. 25 CGetter. columms are hazardous because the Better

mat er i al PEHiaeiRagsagref L Which extend thyoueb the gascheqier Rody g4 cDicheater slemspis of

i mpuri ti Ry arE@buplePiolim eo1cdtribat ?@w&\é&me Ehob 5DV FHCRAERAthe @Bs héhted body’izfﬁW
percent dependi ng on the ow rate) of an inpurity oxygen,

Unt 3 oducBbe gaheatar tndl 247 ISQReTable 10 Bﬁ%télietﬂaﬁ gs theigasflpwvs iy the AP HAbBRE Bibet or
mat eri al pasgke£80r RSHEE Girsk eaaﬁﬁmovomﬁe 915, 1nBe thesdoohd AR cdimﬁwwawﬁe

mel ting of the contai nnent wal he vessel. The 30 contai nnent _wal |,

whi ch i sunogginied chlu%?h%aetwersﬂ*am B%ersbpé)éﬂl?- aog) thegfirst w@@mﬁmﬁm@s as

| ow as aRaudtiaikp800 C because the Better material contacting the contai nment
wal | reacts therewith and forns a eutectic conposition. If nelting of the
containment wall results in the formation of a 10 WO 011 03812

PC{¢ US00/ 19041411&@& ‘?s ﬂéaaea%'s B fIdWAE Mﬁg@@\ﬁ@ ra;ah%paf ﬁs&gemw;ndttﬂ@ﬁ&@mﬁar

mat eri al occurs, IS potentia astro The sh

oS avanBa Al ol foeendmun velsmodbl y Tae enmbingion b theawahyo! pessagsy 257
Sul  abl ekl AR FnE | PER! SE PN | Alm3S1PARARRETR s 308, beo™

subst antial danmage, I'n nore detal ater eferred
shot 224the heated eurfasm thaqughewsithe pas he@tyr bedy A&t allhe tﬁnwataém 43 which the gas is
stainl es 0 RSlRAH tcerdnd ol 203.
The shotﬁcza%gq:ééenﬁl?‘eggﬁ gf‘ya{iﬁﬁ?he dfn i re ra‘El gr“%; 4309 sna I gl %'}Sr(r)etggrb@l
palfi cl eSheandraipnal effibisneshof el ve@phdarhp'@ed gsqtmp@sseé 290 is gedatly enlancedh by
assortne j d cal and generally spherical 10 shapes,
e.g. Shfé@tatnf?%ﬁgggﬁog Jéq'ﬂegﬁeeaﬁg%dl ment, shot 224 is conprised of stainless
steel shot having a dianeter of 0.125 inch to 0.25 inch. The first

t her nocoupl e 228, pﬂp re
t enperature sensorh_z g%g%g?eg{bgR%%yﬁgf%ggntlg&%% g“éétutla ﬁ 8 ggg‘tregt
t'her noc ompledal2 28s¢ i d prefhireeg sobddiment the sénond quiangityt oﬁpunfestscml maedal 232 asat o
ex%‘:nd Sggﬁ}ﬁ%hﬁl ly through the first quantity of getter 220. The first
t hér noco e second thernocoupl e 230 and third thernocouple 232 are
coupled to a control unit (not shown), the operat| on of which will be

described in .det aj I

t her nocoupl e %&3 tl%e%%lﬁc T e?fﬁ%lc%éalﬁ%a&d%g S ghteﬁ'gd ggg)%aggre%g%l}%ﬁ é‘lrrégeZ are

t hennoc ouqnoataetb,etheﬁtssclua]ihe' af gettar229.a%le iatpvnhq arhelrencdy porbedinentbatswfane t h a
LI shostdl ki BLRLE/ Il 20 WHhELR el RIPAAAGHd hlfg LL0G LG ARTOMBNRrpe
skR$ | ed purifiedeandrtypigullylhas lesoihan 7-¢0 parsstpeobibiem (pph)mélcattunmam$asmgtlﬂethhmes,
e.g., a ﬁlﬁﬁil'ﬂg@ogfﬁ i stance tenperature device (RTD) or a 25 therm stor,

al so may be us h operation, preheated gas to be purified enters heated
getter vessel 200 through i nl et

Unfortunately, the hot stainless steel surfaces of the heated getter vessel 200 and

interconnecting tubing typically create 10-25 ppb of hydrogen.
30

The non-evaporable getter materials useful in the present invention are characterized by a
sorption capacity for active gases. Examples of suitable metals for non-evaporable getters
include, among others, zirconium, vanadium, iron. As disclosed in U.S. Pat. Nos. 3,203,901;
3,926,832; 4,071,335; 4,269,624; 4,306,887; 4,312,669; 4,405,487, and 4,907,948 (the
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206. The gas is preheated to a tenperature in the range of from about 300 C
to about 400 C by the gas heater body 212. The gas then flows through first
gquantity of getter 220, a second 30 quantity of getter 222) a quantity of
shot 224) alwbmmhlet screen asserrbly 226. Inpurities are I1BCTAUSMAD4Y 03812
PCT/USOO 44s mthe the gas flo firs uantity
of Bt t cliscRates FheRg o1 VI i BBl et B fogerefiet i ioanibbois ih ok 8

out | et 2ZAfonitun dllog gewee mhatginls zwbmh knowh ab Iﬂﬁ)saslhil@hn(lbﬂﬁﬂnfﬂhafsp@iﬁdﬁettcr

o0 oz, WA Bt iRV Peredah e iemRr S peCibes Dol nd iRce R HPULY Bt on

occurs vdulﬁahish@bgﬁtmﬁ?ednt acts the first quantity of Better 220 and/or t he
second quantity of Better 222. Such high inpurity gas may enter heated
Better vessel 200 through either inlet 206 or outlet 210. For exanple, high
i npurity gas ReRyxapiple if 4 obieunb is tolbe purzfid, ihe gaeaahﬁebrﬁeéahefe analepedf 20V s

i nadvert nt nnect ed, t an i oper source qof ga ity gas
my ont che-(HEBAIAAFEELY 56 aueBhidbmeatines tieh fat AR aischengesl KHEMAS e
i f gas fiffekleleménisiwiRe ploded of agema@rmoaﬂ&l Biafra@Je witk & §oB/gos haviinataet ed.

but f o7 SHERARPET PR bl As e 9058 B b CRe2 AN SIkes S0 oo 1«

t hgy eby Bayw,Fg. Sheh gutfet Mhtefisls eRMeRGHed U S1Pat2K6. 4f3’1(2f669€$}éf&ﬁ$1y QlternBgr ri er
material 224 is dlS%g?fdzpﬁ %e\,mqt ut | t fllter 226 and separ at es
puri fi caAloyRaying & meight obsr (7 & R BE 7PrFe 4 yBE0 i8ased SHohaleus A 224
nmay be advyildil tehmerciiBy 6 ivatiosafeai es sf7owoneﬁérlmo (BAEBIGEITERS! $.6/A.,226
from substantl a$ damage, as will be explained 20 i n nore detail |ater.

Pref er r MUHRIAR: naterials incl ude, but are not limted to, netallic

materi als, e.g., stainless steel, and ceramic materials, e.g., quartz, SiQC

and A120 The barrier, ter| 224 s preferably |ntheformof
re sat i vely srafitable ghisr material {qr pug cﬂ‘ila’{%PFlb"tB ngblp gessh ppdnitrpeays ar alloy ofshape,

e.g., balse Sﬁchéhﬂloi’ssa?@kddmﬂb uwmg&ﬁtﬁp@fekawmhmgiafﬁ@h IQWSQEB?%ighVof

spheri cal sha es, go, In a({)referred enbodi barrier materi al .
224 is dsnprd %78ft° félbﬁll"é%%htglfé%‘l esasibed By %\Panéqoa4é9§§§?)ermb?5p@1@25 i nch
to 0.25 jrévehed detiePRARAAM IS aP ABSYT 8434, %szﬁbﬁna%ﬁaiw Qvtt%eéllfrﬁlﬁ% Suefl aggzONd

quantltles of Better 222, 220, Tenperature senso is a mltiple el emrent
t enper at¥ availahle sempwgrgigy én W%F@mqs SHOT e Hpresr aﬁlkwéséﬁs {GFIHERSY P-Quant i t y
of y(Bet t evril&2 %algy.0Xi mate to the outlet and a the tenperature of the 30
second quantity of Better 220. Tenperature sensor 228 is coupled to control
unit, the operation 12 WD 01103812 PCT/11S00119044

The physical embodiment of the getter material is not critical. A variety of getter material
forms are known to the art or are commercially available. For example, the getter material can
consist of a multiplicity of small pellets. Alternatively, the getter material may be provided in

25 powdered form, or as a surface coating on a ceramic substrate.

After the heated gas contacts the first quantity of getter 220, the heated gas flows over the
surface of, or contacts, the second quantity of getter 222 and flows into the quantity of shot 224.
The shot 224 provides a ferrous reactive mass to enhance safety features of the heated getter
30 vessel 200.

Figures 2A illustrates the first end 204 of the heated getter vessel 200. The location of
the inlet 206, the plurality of heater elements 214 and the fourth thermocouple 234 are shown.



of which will be described in nore detail later. In a preferred enbodi nent,
tenperature sensor 228 is a thernocouple elenent. The use of fast-acting

t hernocoupl e elenments with a thin sheath is preferred for quicker response
time. The t o omasgpl e el enents may be di sposed in a singl pcwbossetso4or in
separate sheaths. Those skiJled in t art will recognize th t her

t enper at ur e 5121%‘}? ' “Ef&tz‘?séaé%‘?e"%“.dge.n,dr}ﬁs Of theihsefrd getter gfséfz'l(?(gbt g&?ﬁ)@’r"é‘f‘lﬁ‘r@

devi ce (fREButi&216 ahd e Hirst tHREmocaliSe 208 reBBoas€d. | n operation, preheated gas
to be purified enters heated Better vessel 200 through inlet 206. The gas
is preheated to a tenperature in the range of from about 300 C to about

400" C by 10 mgfr0Malthkes@SI2aNBd Vidwrdrahe frsPdd 205052 19 seatel @R dr vewel dor. ough
the first and Second quantities of Better 222, 220, barner materjal 224,

andSout | She it 2% the plyrality of hratepelemente gkt andthiigrrth fermocoyple 23dars shaymy In
quant i ti egyifdn, BEE bRkalAY 2f phsidgest 19 Bethi®y sllﬁﬂglgs Thégli)'tﬁs'a ds€517 meype g aﬁigsi ]

The purified gas exits heated Better vesse O through outlet” 210. 1

t he eventonyssieniiialiemetizg sdrumben; The wlsh 286 maxyise e off semtsr rather dhan csnigred
oxygen, g tfeO06eMendH040 X018 %%sﬁ%éata?é SPePiB10RYRSvidd additihal(idateddAarfad a8 Qe
enters heated Better vessél 200, an exotherm c reaction occurs when the gas
cont act s expeseditp the gag Hagwas thseas Homntoithe st smulgeyalume 202 220. Such hi gh
imygrity gas may enter heated Better vessel 200 through either inlet 206 or
outlet 210. For exanple, high inpurity gas may enter through inlet 206 if
heat ed Bet t er Thefirstednnelaovalemedl§ i arpyided éntrangitiop anddisilute shegas flap fppethe
source o0 b OR <1 i r t esul t
of backf aesgﬁ?g%aZwﬁ %F‘lllma E§%¥5%ﬂ§ ga%teg agaffy(%lgﬁF?EGegH# g%,ﬂ%%%.s?&gégﬁ;%gand
ni t r ogenthimtayercioolow ewarribe heated surfaces of Hvelirat annulas velyme 226 8ndl sedopd atradir at  a

poi Nt Whi,Glimk 913, dfvlﬁt &E&?egmuﬂte L ONmE Herth & thggz éat%? gfs bates qg@@&é hw YveBRET €

220. The point at I C nper at ure sensor ocated i's selected to

fallp wi t heatedosupfape oz p@as heatardedy 2h2.c oHfitaelativnsis ad lopationcafdhe frst amnubst t he
inventio 814 Sid9ecdiB dhn %Turﬂ%ﬁ Swh€gi on in which the maxi num
t.enper at S?I(gﬁlgenéer a?trgg&&@y tlﬁe exot e?%x%:ﬁrggcti on between an inpurity and
the purification material occurs the fastest. It has been di scovered that

when high i ri gF> ) h i 06
the 13 ° vio oy RS HE e e BB R b Mot o a5 267 0: oSBT gl et 2
exot her m2e0 r Ezurs 2D ilbstratesthe epgthad thessecdnd| apnulat e ltmop2 Kuanddbegastheaterdofly r st
qu%ti ty, getter 220. It is believed that the maxi numtenperature occurs
bel"ow t heé " Top surface of the first quantity of getter 220 because the
exotherm c reaction is not instantaneous and because of the gas velocity of
the incom ng : - , a I .

et er / nour | i oyralty EpheR e ol SRMES ey soroe by Bakidhal ogariops sucp a5

f ound t ordsistiwdmeater ddjageottofand inrcontagtiwiilf the af the heatwlt gettératesseb2@bout 2.5 i nches
for aged purification material. Thus, the nelt zone noves deeper into the
bed as the purification material ages. Furthernore, for |ower gas flow
rates, the di L 0, . 0. e. r ed
ga?gvel ocity %%@e?ﬁc@l%gﬁ]é’ rlllgz%cgjlélb %P#ah%’%gﬁgé%@{ rr‘{‘lgi{egp nggogx\?/aﬁ Igeéislfh Itglrill lﬁnllﬁ%gm

di st ri butdacitveofith high correntratigngefimptihtéss. thoe exasiple, iwthe eweritla hgh ermbénjratien,

| ocated | [ . rLf} j (i at her - if
the gas Ar SfopEThE aeingheS Bl haPhO S BEERRNE, o g Sl Riliucsils
e.g., anaaeiter] colungh sontaibingioknownhsreoniumm-bastd gettenanaterial,ban exotlsenict reastion he
center o e LfEcat| erj.al S T I i i
recogni zféccﬁl%atthgt eétf g’?a"t@g}}l gg‘? L{ah% %‘3’ EZ ggggf@%&?ﬁﬂc%&)hpg}ca‘%ésrcpaiﬁc
paBanet econtaimuént tatigwhikke isgw cadly fgrmed of bteinkeenstend, nymytihdt atvenmeitures g lowiabe

di aneter _an th Ves. t OW I .

ropur i ¢ y OB BRALE B} ghdlE sBaCcomakli R onRMehl bl iR dba

par anet efams iateuiestid edmpsiichnt Hhmelting ofithet contumenemh yab aesuits inr thenfprsitio? 0f above
0 inch to about 6 inches belowthe top of the first quantity of getter 220.
In a standard S inch dianeter vessel at a normal gas flow rate, tenperature
sensor 228 is preferably |ocated fromjust above O inch to just below 3

i nches below the top surface of the fiil8t quantity of getter 220, with a
nore preferred range being fromabout 0.5 inch to about 2. S inches and a
nost preferred range being fromabout 1 inch to about 2 inches. 25 The

| ower portion of heated getter vessel 200 is configured to inhibit the
formati on of a eutectic conposition between the getter material and either
exterior wall of the heated getter vessel 200 or outlet filter 226 and to
detect rapidly the onset of an exotherm c reaction which indicates that
excess inpurities are being backfed into the heated getter vessel 200.
Barrier 14 WD 01/03812 PCT/US00/ 19044 material 224 separates the second

e L Y ™ 2 2 ™ NN o, . s = [T ~— ——a- S P Y




5 outlet filter 226. Wen barrier material 224 is a | ayer of stainless
steel shot, a thickness DZ of about 1 inch has been found to be sufficient
to protect outlet filter 226 from substanti al damage. Tenperature sensor
228 has a sewmasssensor el enent |ocated at a poi nt which ipETasoi/®oddnce D,
above the bgttom of 1he second.quantity of Better .222. The paint at .which
10°F enmpdblss sy dfbregscel SonimaHRE of e Brues Touplal ceaE Vst 1 RPERYa ol ¢
zone, i .catastrdphiz. regi on in which the maxi num tenperature generated by the
exotherm c reaction between an inpurity and the Better material occurs the
fastest. It has been discovered that when high inpurity gas enters heated
Better vessel 200 through outlet 210, e.g., by backfeeding froma

cr oss- connec fThel sliph 224 axcdibposed arpwrel, outlabscnesr iasnembiye2dde r'Ettewshet 24 maayalicamiyby t he

Cecona Quif BifelR BfLbFrbeu OlEE orfe SRR 0 BB MMM 08B e U7

occurs atiti\be explaintabintnoore detnil tater. Bfeférted sbat@34 dhetpdathut e not liBded ©F m2@Ric

because t he.exothermc regcti.on i s not .i.nstantane d he se.af , the gas
Vel oo e gy Redlses edein e BRrith K ARSI, SRR nsndy
st andar 228 is eéfe@blydinathet form vefsieialively seatjadiathétemvparditles hiving 20subBtaitiallyt he

di st ance . has been f d to be abouyt 1.5 inch 0 abaut 2 inches. 'As

i Scuos GBPSSBL a0 - By P o fREt s ienorafie Sainskalomd fendiel i, ppehca
partanet ehspes,ncg.pshong Ih eprgfeand termpoditnent) shdie2t aidl cBeiptisi ofessinless steel) shott he

di aneter, and the |en f .t ssel, the gas flow rate, and the type of
i mpur i t;}‘.“‘fhéﬁé}?m‘*# °’g‘§1pﬁ?‘é‘%‘ég§’a¥5§ ‘ers, it is believed that the nelt zone
may occur from just above O inch to about 6 inches above the bottom 25 of
the second quantity of Better 222. In a standard 5 inch di aneter vessel,

" 0 : | . : st
bel bw 3 | nohdlt IEs JERatstpll 2eSA0 Heiably 230 Thd Wiks BBl PTa? ]
222, wi ttétmperatwe sseproes dispasdd rimrfgst dprntity dfr gatten B2t TIE. Hrst tishmo@uple 228 i2. 5

i nches ag e i i ngh o 2

| rines. doRa it BRELESEP RN 105 A Yk bRy beblflint frf il or

t enper atgatte226.chis dulst thermbepupler?3 8,rsa¢and ¢hesreomuople 228 andithiré dteedoddeple @82 aressel
200 and e . j C LOR. ] .af | | ves 106 _an 14,
bypass. varefipgBeonefunic or Sl s Bblcaton SOME WALPY BistBlea B AR de S
reached lger. when a certain tenperature increase rate is reached or when one
of the tenperature sensors is destroyed. Wen 5 the tenperature sensor is a
t her nocoupl e el ement, an open thernocoupl e indicates that the thernocouple

el ement may have been destroyed. Control unit may be any el ectronic device
cal¥abl e of pdr & prefdrreg entbediment; fizstitharmocauply. 228nsegprshiherrasgeple 230 and third

m croco 1 i e | G, . o I t he
exi sti ngltl {:nglh‘%oﬁlg‘c %grr_rggﬂ{ter ?%Elpgh%&%‘ﬁsf eJ{- %%eo gasa pﬁﬁfﬁ@gmfgg&h% t?ol
uni t pr ity ity sheath i prefesred| far gwitkey e¢sponsatinteh eTtej thermogduplarelemends mayfbi ch

OCCUT'S  disposed in a single sheath or in separate sheaths. Those skilled in the art will recognize that

other temperature sensing devices, e.g., a platinum resistance temperature device (RTD) or a

25 thermistor, also may be used.

In operation, preheated gas to be purified enters heated getter vessel 200 through inlet

206. The gas is preheated to a temperature in the range of from about 300° C to about 400° C by

the gas heater body 212. The gas then flows through first quantity of getter 220, a second

30 quantity of getter 222, a quantity of shot 224, and outlet screen assembly 226, Impurities are
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when a first alarmtenperature i s nmeasured or when a tenperature increase
rate is reachéd) control unit actuates isolation valves 106 and 114 to
i sol ate heated Better vessel 200, i.e., to close off both the inlet and
outl et of hewbeﬂodﬁmter vessel 200, and opens bypass val ve PCPUS00A804dhe 15

second aI a Lev whe SEcol ra .
roasur eqsorRBH e s Tk S tehS R AUy of s 220 REE Pl ekt
Better vﬁea&lgeﬂ&&zess%l2(nd"|ﬁlrmkghrodtlalzat)m | evel , which occurs when a third
alarmtenperature is reached, control unit cI oses bypass val ve 138. The
first alarmtenperature is preferably about 10 C to about 100 C, nore
preferably about 40" C to about 60 C, and nost preferably about 50 C, above
a normal operhitthagventgasovhathcoatairs athight codccfratidet ctfémp\m?tmm g.20Q¢ gerl marogen, st

al arm |l evel _acti ht own.,. th her ¢ Ar i.0n

"soPati ngt ROMEh s BaBi SolUn 50 o ST HE Ol AR IRl o PRI abg Do
preferab Ie:;otlmrmioemd:uoabmams IWitenGhelgas eomaqmuwaﬁrsbg\mnatyl m@g&t’errﬁé@ abdiorethef
heat ed Bette el te ratur.e increase of nit is a
reliabl esTcﬁ?fi 35?“0?" oh thanﬁéxo C% }?lrig e m{E}Y &h ni”taa'senrteergf&eﬁ‘g a‘r’tegs ?823’8

| evel . Theowphoithel ialea206 bxemeletamilm exanpls lggslmmnhﬁgqm mey e:aezethrongmrnletti es

and to p t heat d Bet t Vess tructu*al failur
Gas pror &4 & eelF BB EREL Spe LRP oAt SRR A it par Rie8 oh gos dBE! g
t haoi nt eimmirity gﬁsmw entenhtonh ostled 1210 betherrekatt offbadkieedidfgOwiiich ehay 0cdi ifgas
operatio ,.l.vvi ! heat ed Bg%mfr vessel 200 to event unsafe structural
condi t i offS" ne[s O & ATEgh BPeFatiare gonf’ﬁcé 1000 C) fromthe nelted
purification material. Venting will also, in the case 16 WO 01103812
PCT/ US00119044 of the upper nelt zone, flush out the inpurities remaining
in the inlet S bel etter
col um. The slféfz]:ﬁ)cﬁ%lgglgﬁh&% Fg‘@é? t_}%‘{? oér‘tlﬂtg/tgﬂo fhe g\’x"antng)ﬁomott ﬁpg‘gfgésrp%’% gsﬁlér?om
heat ed Bedrtearasmgem&@@n thee. melt zao wrea aboali tltercﬁ)yt'sapag the oﬁtlattsereemassdnlay arm
er at g%fﬁ ref rany at | east about 200 C, and nore preferably at
t ab %ove a normal operating tenperature of heated Better
vessel 200. A terrperature increase of this magnitude is a reliable
i ndi cator that a substantial anmount have excess inpurities have been
i ntroduced i e x hi I Vv '
Shut s of f t heoBTRoR U ap a2t b FRIEL pioKinad 1B, Sftel el 228 B0 Pphiat®

semi condpmiﬁvandxﬁnﬁaﬁat ot fr@’ﬁ thaGitlet fifterSIRE, hBarritd Gibtet APR24I thyy Bﬁﬁn}l siitakle used
in the productlon of integrated circuit devices. The tinme response to_the

al ar m acPRBHal epehls of mategtinedhe outley filter 326 fjom spbsiaptial damage; aswil glained
begguse [ NGoRkall Mie PRGBS talier GRMA1s TS AM 2R n o RHREE 1d, thetlBhii6af 2
few seconds. To reduce the time response to the alarmactions, the usé of
an i ndi ve.gustainiess siesdi and veramées rhatpn&iaclx (qhaltzs&CatSnl‘d,randaﬂlﬁgs Thé)ﬁaraﬂdnardnb,l
bypass v nt. val e 138 ek erred. 15 The .nor er.ating
ahper at #b T PreLerin B R aden, ot Juatey SRl oty BV A PRURRRLY about

400 C. Agghefichl RBAps ;e%h%aﬂé rcﬁtanaés%rﬂ‘hén@W%@Q@rw}ecjlﬁldﬂéﬁfﬁﬂaééhéfaw sgHeAcad
range of from about 410 C to about 500 C, rmre@i)re erably within a range of

f r om aboghapes, 88., ehat.o Imdpraferred gmbediment dbawiermate &ﬂatﬁlcymawdtof saipless steghe
seggnd aLl%?Hl\&L?ﬁ’”Pt%&%Etwgfd ﬁs‘?ﬁﬁc‘?\ftgbi Inyhat | east 20 about 500 C. The third

alarmtenperatute 1s preféerably at &43st about 600 C, and nore preferably
at | east about 700 C. In the event control unit measures a tenperature at

or above a first alarmtenperature, control unit actuates isol ation val ves

i06and114 0 isolate he edBettre ) e 5 heate eer
Vessel 200 | ST RE ST 8 Pt Tt e s prond Soien ae AR, P

hi gh pur Tén{pdraiR! senfdroyes & Betﬁﬁllttglef 10 Ol P Erathfl? sérRo0WhgaBle 4 Gening ttaypass
val ve 120 so that the gas distribution network continues to be supplied

with gastempnratuheoebeﬁtst gentityf gattﬁrt222rw§wéetoaht eutistangd 4 the temperstura pbthe a
d
2 ek SRS S8 225 fral n P 0l Y2 Gt o

fromheated Better 17
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WO 01/0381Z PCTNSO0/ 19044 vessel 200 through particle filter 140) vent

val ve 138, check valve 142, and vent 144 to a gas cabi net which may form
part of the gas distribution network. In the event control unit neasures a
t enper at ur e wad osgi@above a third al armtenperature, controlparmsoo/edosses
bypass valve 120 to shut off the supply of gas to the gas distribution

net wor k. of whielsldilt bedestbedein mgpre dethil tateredn b prefaredyenthiotintend lt@hpersaleisemsdr when

certain tenperatures are neasured, ntraol unit is preferably further
confi gur@f‘ﬁé‘m%"é}@e'egﬁ?&w € use Sf é&‘r"‘ICBPE WPYRIF elgmepts withp thigshealhs

control g:'réfer%t 18F GhiARS rdsPétse BmleC MRE HAHbGuPR BRentiBNay B @ sfos & indeShdioy ed,

e.g., by detecting an openh thernocouple, cohtrol unit "assumes a naxinmum

t enper at sheath oz iy .separte shdathsd HEioae skitlehpethatart will kssgizzethat ethethtethpemathre
carries out, the.correspondi ng alarmactiops. .10 Fi e 2E is.a flowhart of
2715t hocP BRn AR ok IARRER siBOR fPARE At dRELD r e isfeEBBA! mon
of the pyagedt invention. In step 810 a Better columm having Better

mat eri al di sposed therein is provided. Heated Better vessel 200 descri bed
herein is an exanple of a Better colum suitable for use in step 810. Those
skilled in the art wll recognize) however, that 15 the nmethod of the
present i nveni Bttaiish, Blhobbd bl el Bieh ShichQlcil Sl W sahuhee. Of
heat ed Better \? sgé r2600.e Idnrhstepe 12 a fflrest eten%grat SE%I ?E@%a uﬁ%ﬁtsi n a
t op port20$n The gasie pBbeated tormetemparathire iff be ringesif fibmngbent200F € toralyoub 00t ealsur ed

by control unit, which.is ed tq a temerature.sensor disposed in the
ot G or Ora e elF GaoiuB s A0LD et Bhef (oS F B bR hE A Bulisrondghaniie ot | 1 o0
t enper at siiter 328, PIEbatisPhiteiR as 28 ofifld Hitt3l6, 2RANE L floRGhhrbleH MS GrsPBAOW 3
inches 20 below the top of the Better material, Wl%h a preferred range

bei ng f resaendomgntitys Bf getten 282 23Boke gettes spihs firppuritign fom the gas. pFlhef pirified gasange
being frqr t J I es. In step 814 a second tenperature
is measuér;"ré%ﬂ?a(reléél eé%’i@%%%@r@ﬁ#{%@el € Better material. The second
tenperature nmay be neasured in the same manner in which the first
tenperature i s neasured. The second tenperature is preferably neasured from,

' b 0.inch tq just. bel qw 3 j.nch 5 aboye the bott f the Bett
b . wt dh i eyt eb Bhik Foras bR ETRp R aR O AR Eey itk CTERGED 5
i nches, @nekyBel"ntiimhe otk QbcH 30O, 2 Nand 10) alaythedted Pellerl RsRPRUH,

inches. In step 816 the Better colum Is isolated when either the first
t enper at Hpthegic repetizoesi Whanpbe aasqoataets dchbrst ands sepend quantitiastod igpéar 228 e

col um. 2200 SHEH vibb Afbufiel By ARPRANAR AR RIRB AL Feifler Il AR ler |
01/ 0381 221PCHoER: G 16, Mkhdimpatityeghs Wy Ghtep tevightinlged06f if heateNgetet M@seddbhar t he

inlet or, the outlet of the Better colum, As described above, isolating the
Bet® er pBRVFTIRIKLY RpRested duint IBTRRD SRETeRiceas e dUER FRPWHY @as away it Wievehhi gh

i mpurity, : : Is : er at i

prefer ab?u;?a:t%lgtr}{s Q%%rc%mf%ﬁ%%%fg%dl OH@? mrzr% ?’ gm{;r%%rig‘%% rﬂé‘%%ﬂgtl) %f%l %g(t%oé:gbout
60 C, amdtregsstargperefseqoabdciedabout 5 50 C, above a nornmal operating
tenperature of the Better columm. In a preferred enbodi ment in which the
Better columm is part of an argon gas purifier, the normal operating
tenperature of the Better columm is about 400 C. Accordingly, the first

al ar m t enper dhe tempegatyye aémsorlil8)is tchied at apsiangkiciofs 4 distancelmyuelohl e Gog 6f about
500 C, r’rfDre preferabé% %tgg“g a ranq‘(la of from about 1140 C to about 1200 C,
an nos T WERGY O getten d40- peant af Whvch temperatgregsensop 28 is; lasatedois seleetedstoy ent ed
when ei theiyithlifa HeltSbnd. eKE’%_EéatiHTc%m?écti&rh%itﬁQEé’&chiﬁBH%‘f% ‘ @erfn%ﬁ‘,ctﬂg&rﬁl
second alarmtenperature which is higher than the first alarmtenperature.
The Bet t‘anelczsngrmennsythe) eegicarin exhidhythapiaxiatinnigmperating ganatated bytthe bxotliekoins gas

to flow qut. of the Better .colum. As..described above, venting the Better

col urm Peittigh s 3 B s e SRR, mBBRR O R SPesho TR Boebou
100- 150 disebeeredT thias whELKighlifapBrity bak Bh@Fs tdated gRtisr Wekel DOOtHroWHI iRt DBY HRN
Better material against the containnent wall of the Better colum and
reacting therewith to forma eutectic conmposition. Venting also helps rid
the Better colum of excess inpuritie§3 The second alarmtenperature is
preferably at |east about 100 C above a nornal operating tenperature of the
Better columm. Accordingly, in the preferred enbodi nent in which the Better
20 columm is part of an argon gas purifier, the second alarmtenperature is
preferably at |east about 500 C




Figure 3 illustrates the integrated hydrogen sorption and particle filter
assenbly 300. ‘'The integrated hydrogen sorption and particle filter assenbly
300 includes an el ongated outer 25 enclosure 301, a first end cap 309, an
inlet 302 pwaxbidgl to the first end cap 309, a second endrCERIS0BAM44 an
outlet 303 proximate to the second end cap, a inlet screen 314, a quantity
of shot R@Gmuim Gupslatury geferdiadiby grRNexstiehic Gtactibh ©tduad thEOMsteA beloar taepIP! €
305, a screen 307, a plurality of filter elements 308, and a filter el enent

mount  pl %*r@cezsquthe ‘st pRIAY P getisn 20l 1%1h?11°§€4:31ﬁﬂ"hé RAXIFNM AFTBPCEROEE SFEHSF
wel ded gy
01, “Cnd it SRS PR O S B GRLAR, B iR o™

vol ure. ﬁhtmtmbﬁsmddiecamcﬁh&gasn&lobﬂmeoﬁ}haimbommg(ghs shot 306, the quantity of
19 WO 01/ 03812 PCTNS00/ 19044 hydrogen sorption material 304, the

t ~es ndcoupl e 305, the screen 307, the plurality of filter elenents 308, the
filter elenment nmount plate 312, and the inlet screen 314. The inlet 302 is

in fluid compspineahdl OfowVirdtés, telte, 1 BEKE nyeddrhor/iafogtie of pltiféation Ghatsial, ahs301. 5
Gas flows in the inlet 302 through the inlet screen 314 and the guantlty of

shot 306distarsetlhchag begnt forgd tofberppantolyimgh Ssmewi rwrifigatioarmateriab dorabophd Sdudes i t y
f hyd 0 | N
o1 Y oo B B R L0in MRl Pt e by B8 ARV dethePRRO T phinE BEBIMABGE Y

mat er i al maedal dgbe Bashetthoresfor Nowaetas floer raks,che dithfice mdndyf‘iieos]ghtl)t kteorter
plurality of filter elenments 308. The plurali tgf of filter ele nts 308 are
opk? abl ebecepse gbtheadycsd B3s Yelogity Af |thel’@°<§ams g8 ¥ the, gisalel grovides,{or VR ¢ he

filter ey SRBRI, of tEn@iMih S Fé'sd theh e BEIEEbrR 351 bRty Hdliodalid iR e BhteBHnd © t he
outlet 11 he gas purrfication system 100. Thé hydrogen sorption
mat er i al pBifidation materiabr Spltie athcrdmné,\ﬂﬁﬁmga& inle¢ prywidee forwlonwhfony distritaition & t o

hyd b. |
{han. 15 SbB0eBE s T orcrabr Ssrruly P g gty e B G e csuf oy

t enper atwtﬁbspm@mdﬁgngtgﬂmn anbi ent tenper atur es to about 40 C. Hydrogen
sorption materials are characterized by a sorption capacity for hydrogen

gags Exanpl es of suitable hydrogen getters include, anong others,

zirconium titanium hafnium 20 uranium thorium vanadi um tungsten,
rantalum i ool iacdn d Y prec&g%z%qhé{%@ioéanoﬁ SRS BEK Shest RFRASy 6f
hydrogen getter materials use n present invention are the zirconium
al | oys. dénamepeanptees includingehe geometrly eof itleed heated ggmra.msal b.gy thef dizmeter\and Flee f or

bot h no s and .25 nitrpgen, al 1.0 ener ly ha Wwe, t
Conposi t E@W Y?‘??;ﬁl g‘ﬁ éﬁ’g’eﬁfeagg B’ip S Rkt H PSf a‘lcﬁh‘ t%?eo\efeﬁé B'P‘Fégf‘ﬁggo%en
plotted rﬁﬂeﬁ’al.t @“e g)cam ket 30 BBNdvie® thit tHa rielDRIng Gy deanti fign Ast i t'S
corners defined 75% 2r - - 20% V- - 5% Fe: (b) 45% Zr--20% V--35% Fe; (c)

4528 7r - 0% Q/mch% F@ut §inthesybelow tharigp ef the|fisstaauantity oF getised20.ning sandargtS  No.
4, 312, 66901}, § f:_tgr \?eg e)ihtvﬁ%or%p&s 1o rhf égytg)li] @%rﬁtﬁge AndF 298 p?éfer%f)ly(lgc%e\ﬂ'tfrom% -V

( 24. 6 W use
just above 0 inch to just below 3 inches below the top surface of the first quantity of getter 220,

with a more preferred range being from about 0.5 inch to about 2.5 inches and a most preferred

range being from about 1 inch to about 2 inches.
25

The lower portion of heated getter vessel 200 is configured to inhibit the formation of a
eutectic composition between the getter material and either exterior wall of the heated getter
vessel 200 or outlet filter 226 and to detect rapidly the onset of an exothermic reaction which

indicates that excess impurities are being backfed into the heated getter vessel 200. Barrier
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30 alloys are available comercially in various fornms as St707TM Getter
Al l oy (SAES GETTERS S.p. A, Mlan) Italy). If the gas to be purifiedis a
nobl e gas or nitrogen, the getter material can be an alloy of Zr--Fe. Such
al l oys are Iwoowmsssi2o the art, and preferably consists of fPCFUNS/1%44 30% by
wei ght of 20 WO 01103812 PG r/13S00l 19044 Fe, and from 70 to 85% by

wei ght Znatexisl 224 sdpachtds yhe deGndmantitiNof getteBERR, 48 ghe)bottéun of hpated gtten/vesseb 2@ r ed

tt terial J | gy. of 84 . % zi r conj umn d 16 wt. % al um
doch a1 B8 cule G P, oine Wickees D litarier atesel W Fursie i ratest SRIAEE 1 e
Al oy ( SPlsSdd SdssBaatia- e 39\1ﬂ1mmgl th@kohnatich b Sutdtie lcbmpSGhicRAMARIL . the

hydr ogen sorption getter s a ternary alloy having a weight of Zr (70
w . 9 - - gettepandooufiiet filgr-226e50 (that suekt eutegficicompesition des motimielyashodg threnghitheabl e

i T, Qe 8 Q8RO e et S e Sl el g e B ohe "

rel easedqpagil icibNastbaerblotydio®e Siffitenas pidtéct BB Klter 226 RoaNsubktantiad ddiiige | N9
point (1400 C +/-100 C), due to the formation of strong chem cal bonds wth

the alloy atons. Hydrogen atons) however, diffuse into the hydrogen
sorption material bulk nore quickly than other atoms and distribute al nost
uni formy w thifefaife Billsbr 22818ad @ 8EInli- SRR LIchent Gotateki 274 PELPRARRTENA,
hydrogen sorption capacity of these materials actually increases with

decr easi digtance npe plaviar the . botiomesfethe dseoralugeantify oheetter| 222i v&hy paims lat fediiche s

whj ch bind these ato to, t he, hydrogen rptd on .material alloy, sone.of the
hy ogentc@B?Btgff K4 %\}\7 {og%de},saﬁsgr%ﬁa&;ﬁ 3? %fo ﬁk"?@rfﬂ%lk é?’_l?r ée'p T8 g‘! eased
at hi gh WigeP ek aldtimen tdnibefinite gendpdtelSby th extHEHRORECtRA bREWeRR ah Snfudeirnd bl e
and depends upon the hydrogen sorption material 340 tenperature. 20 The

t enper atthe getige matsriakepsurs shefagiest.d Bchap heqntiiscoyeredythat whenyish bepwitsgasgatetn and
parti cl J )i t R _ 0 1.t or

t enper a?n lf%egh &? ﬁ‘i’ﬂ‘?ﬁ%gg%ggﬁ&é’o"}g? t| %n ’ ngygﬁ%kég‘gfﬁg %Qllﬁls§5¥g§€ f:(; ega %‘g Elleser

act i vat i faciligricher tha ahaxiratrh demmekatiirh zeingrated § theSexohicindin rédetian baursIHEO fdstest
providing a tepperature sensor integral .to the integrated hydrogen sorption
antf 25 &gf”t’f’l'ﬁi‘?g&fq@ fugfac %@E‘?Ti?f’?,“déb’ﬁ‘gt‘t?ﬁgg‘?t@ ature sensor is electrically
coupled to the control unit. The tenperature sensor 305 also nonitors the
tenperature of the gas flowi ng through the integrated hydrogen sorption and
particle filter assenbly 300. |f the tenperature rises above an alarm

t enper at ur e, It ifebedigyadr hat e maximym | tempqratyer oacwe opvrthenbadigghsurfsee phihegr at ed
hydr oge i j i i i.nl.et

vai ve 108 SRRl SEEBREH) flcfur i SRRt icor M bRk M i Beclie )
sel ect edftiee e velesity dfthdiinatoing gdOOlnC@ests in which N, was backfed into a standard 5 inch

20 diameter vessel at a gas flow rate of > 20 m3/hr, the distance D, has been found to be about 1.5

inches to about 2 inches. As discussed above, the location of the melt zone depends on certain
parameters including the geometry of the heated getter vessel, e.g., the diameter and the length of
the vessel, the gas flow rate, and the type of impurity. Depending on these parameters, it is
believed that the melt zone may occur from just above 0 inch to about 6 inches above the bottom
25 of the second quantity of getter 222. In a standard 5 inch diameter vessel, temperature sensor
228 is preferably located from just above 0 inch to just below 3 inches above the bottom surface
of the second quantity of getter 222, with a more preferred range being from about 0.5 inch to

about 2.5 inches and a most preferred range being from about 1 inch to about 2 inches.
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Since the integrated hydrogen sorption and particle filter assenbly 300
includes a netallic filter, the integrated hydrogen sorption and particle
filter assenbly 300 can be regenerated by heating the assenbly above about
200 C. to drweeiewsiz t he hydrogen trapped in the 21 WO 01p0B&s®/19044

PCT/ USO0/ 19044 hydrogen sorption getter 304. Hydrogen isotopes (D2, TZ) are

sorbed in t heCEMIE ulif yheasurddahetedmpepatlir@ORised ity thé Gmgtiatird GersanNE280m I TRuico! -
Since the integrated hydrogen sorption and particle filter assenbly 300 and

the gas Setter wel F0P Bnd agirates; c-gp BY At actuptingy olatiens vHEeso\6 288 14, topasevalve he

o 3 L on! ; : oot
Pyar ogen 2 RAEE, Yol Salv® PRCRALY EO0 REAMG RSB SE PRAGP U WARCS o Bfhin
t hr ough tehperatirememhsedateyidreaged os whe orzrofainctemperatued eenéors iselestenysd:nidhgn 300

is effectively scavenged, frogmthe gas, because the hydrogen sorptjon_getter
304% s eﬁ*éeppv@unggog_t i o JIETRRSRPEF loeBL  anreRem ermicatRlt lwﬁfeag}bﬂ the
sorpti O”thg&&’ocgéi{l% 'eféhfeﬁi‘ hlaly %v@ﬁ&%mkﬁ‘(%ﬁ@.o ntrb] EniP 2B W m&oeléc%\éﬁi@tdeoge has

been found to reduce hydrogen in purified nitrogen gas from 10-25 ppb to
| ess t haeapablppif. peTfoemimguthese funcudnsf ielgt, emicedprooessos, Bikgodontroles, commyeratoed

hydr ogen,sorpti on and rticle f.ilter assenbly 300 are preferabl

manut act HRGHE A9 85 et Rled P At B RERA YRIOBET o hg gabbed 2ps
steel magg{feal . Such filter element naterials are comrercially avail able
fromMtt Filters of Farm ngton, CT. The netal filter elenments 308 all ow
thegi ntegrated hydrogen sorption and particle filter assenbly 300 to be
regenerated w thout concern for damaging the tenperature sensitive, Teflon
filters of NGl Gt Brdreradl) nib b hintH fhveld. WOHOGRR SRRPIVANWARH ARt I C! e
filter assenbly 300 also provides a formfactor | nprovenent over the prior
art. In when prirgralam teapptatwreats measured orewhdnt & hgnpErawie dogeate gate riareached,
conponent s reguired an seml er inches in |epqgth. roperly sized
"t bor at ST s EeE BoBERS atxst 05 24 FI4 o RS nosted sl (8o lest £ e
13 i nchesff bBth! R #1&- and DulibOs 1Rathd igettdtStessal 260, And %ﬁ&ds%}p!ﬂs@é’lv@fub.h%t the
plurality of filter elements 308 of Figure 3. Figure 4 shows the plurality
of 1§i | t esecerideatarm leveloSrhiphdocckrs Wheh tacsecatidediarnt tempgrature isameasgaeg, contrel it t er s

. L di | . . _
ol orrant S VBt e 158 WYl B el oBfor SoRHEID0L AT 0 Ly el Bhien
t he secoswdus whes afhirildlarm3@mpéguiresis beathddycintral wfit doseebipasyvalect380Thé Aist

plurality of filter elenents 308 of Figure 3. Figure 5 shows the plurality
of filtedars) EmpRRRISHEPTafsErbDhEPopt {9 e¢: (Rl D0 cRamomoprerersbly 2t ¢/ 64812

PCT/ USO0/pL304 o184 @sgp&&rﬁgf{l@gﬁw 0,188 LA Rbrina® BEMARG ththbdrhthic hRatB@S

purification system to p
20 getter vessel 200.

The first alarm level action shuts down the exothermic reaction (if present) by isolating

heated getter vessel 200. The second alarm temperature is preferably at least about 100° C above

a normal operating temperature of heated getter vessel 200. A temperature increase of this

25 magnitude is a reliable indicator that an exothermic reaction has reached a dangerous level. The
second alarm level action vents gas to help release impurities and to protect heated getter vessel

200 from structural failure. Venting gas protects heated getter vessel 200 from structural failure

by reducing the internal pressure, which is on the order of 100-150 psig in normal operation,

within heated getter vessel 200 to prevent unsafe structural conditions due to the high

30 temperatures (near 1000° C) from the melted purification material. Venting will also, in the case
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an inpure gas in block 602. The resulting pure gas is utilized in a

sem conduct or manufacturing apparatus and process in block 604 to

manuf acture integrated circuits. 5 Figure 7 is a process flow chart show ng
utilizing awesigera fication system 100 to purify an i npurecmesmonsssdl ock
702. The resulting pure gas is utilized in a liquid crystal or flat panel

di spl ay éredhe fupfdriihéln gonP Alashadud Sh RfpRities ehsairifly B @6 knléOdhbing Wil HEWE Gayy €
flat panel displays. Wile various enbodi nents have been descri bed above,

it shoul #omed belawdhe mek goneyathy giter sglumpy dhp secang pleme fveljaction Kenfs af mushanpl e
ly, by at | b . of f d
oo e W hossiolp i hitfbs el vesgh{D02% 260 @ULROAME. 2. DT xenpl ary

enbodi ments, but should be defined only in accordance with the foll ow ng
clainms and their equivalents. 15 23 WD 01103812 CLAI M5 PCTNS00119044 What

is claimed is, 5.1 S purificatjon, syste r oy di dr oge rption
ano"p particl es#}\elﬂiuéq ?ﬁﬁ??e%e&hﬁﬁés }brﬁ} qbilycétleﬁﬂ]athg&qqncg%’?gﬁ(ﬁ ﬂ‘{f?er Ygt
hydr ogenespQBe8 300CICIdbee RHHANCSbesAMPL tkiPerifBicesfl RdatedDgetdr Radstll o A
filtering device; and I O c) an enclosure having an inlet and an outl et,
sai d encroperrarehmgasegeisthisomagnitndyyisna spishlgandiptorsthpa sabpstangipleamount save
devi ce, 1d . q i L. i ai i il ter
dovi oo 2P URRHRARE BABORRLRRY HRb refled ity Bl 200l WA MG
parti cl eaction tshits et ithee suppiyanfy gds o tthe gas disdibatic mstwork SoiC khet Seddicandgas
flowng into said enclqgsure via said inlet and out of said . enclosure via
sal¥ outfplrcation &eiliipsy tha e IR t2AS 15 Y soplsin thi pregptiog of a?tagrﬁyi Fiagn
sor pti ongeREET Tl (AR dedBRR b liRMIRGh Bafogygﬁbuﬁdﬂec BabL < SwithihaBbiN8 1£1¢¥1 Ce.
2. A gas purification Systemas recited in claiml, erein the particle
filteri ngeahdy,iteeausstheareltingqirencesicafi cawse aulsstantiglrdahagreinal mat@ oBa fev peands.

purification systemas recjted.in claim.1, wherein th rticle filtering
ovi ce 1o SRR T4 Fponsssht wadh Serdh e Bevnorand spfoa e ferd gas
flow as sfmigldtionvaldes0d8 afid £14) Bypads valveli@D, fidIvieht vabiei198 ispréfeeed.as recited in
claim2, wherein the particle filtering device is 25 manufactured from at

| epst one of: nickel, stainless steel. 5. A gas purification system as
recited in claim2, wherein the particle filtering device is conprised of a

plurality of ik hbidd Beerfing TEAleaturd Of § hededfttePisicl b6Fin! ANr S TaE PRy s€CI T €d

inclaimb5, wherein the filtering element Ts a cylindrical shape. 7. A gas
puri fi cabpandy £t edeensdinglyi the dirstralarimatempBratunh st meferablyewithint eranggyof frement i s
a disk s

a ‘3‘&%026 to a‘éc%t%‘l)b‘oé,8 x]ﬁgre preferably within a range of from about 1140° C to about

1200° C, and most preferably about 450° C. The second alarm temperature is preferably at least

20 about 500° C. The third alarm temperature is preferably at least about 600° C, and more
preferably at least about 700° C.

In the event control umt measures a temperature at or above a first alarm temperature,

control unit actuates isolation valves 106 and 114 to isolate heated getter vessel 200. When

25 heated getter vessel 200 is isolated, the feed gas to be purified, which already has a high purity
level, flows directly from source 102 to outlet 116 via bypass valve 120 so that the gas
distribution network continues to be supplied with gas. In the event control unit measures a
temperature at or above a second alarm temperature, control unit actuates vent valve 138 to vent

gas from heated getter vessel 200. When vent valve 138 is actuated, gas flows from heated getter
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PCTNSO0O/ 19044 8. A gas purification systemas recited in claim1, wherein
t he hydrogen sorption material is selected fromthe group consisting of
zirconium palladium platinum rhodium ruthenium nickel, titanium and
al l oys thereapho/dasd A gas purification systemas recited por/wsmigodd,
wherein the hydrogen sorption material conprises a non-evaporative getter
al | oy seldgd 0o tHrewpht preticdé Glter LONSérf tvaRg 138, chieflC 041ve! M3 AR FentNt44 101 gat | oys
and zirconiumiron alloys. 10 10. A gas purification systemas recited in
cl ai m 1, cabinet which gwirgermnspaigolihe sapshistabution na@sly r Inrfhe event eqntrol ynit measpies od
for purifying. S ' f kfyi v of
purity s%ﬁ“ i Ellag]ﬁ?af%. ra%slgna\n@%ggﬁgﬁ g%rﬁﬁgdﬁﬁf ’a‘%g) E@%"%‘,"Y‘Fﬁgbﬁ’éﬁ%&g’e@%ﬁ% ?ﬂél ' ng

t he act sofgthekbpmy of gsltd thg gabdisgibatidrndheak. ThalditibdQo Heigg eafighrediog cdrtyaut ng
the gas under pressure into a gas purification systemenclosure via an
inlet; cyladbReURDs| WB"% SFTERIR) dEmPpRTRIuTeS edudisedy gantrgl H?Hr@géﬁ?f%ﬁ?%@gmef

di sposed, \Wct 1l | a b fi ] nel =W : ] sai d
B T P

puri fi cathaton temypstature semsbosay davabetnalestfdyedyi aig), byidetecting audpenfthamiocbugles
purification systemenclosure via an outlet .12 A nethod for purifying a
Gas as. ;DTS §1SHCHeS A AR ARSF el (i laci e P, B pPeiresshed o
manuf act yHeedmies 610 the Soreln8iig ARt lacticks. A method for purifying a gas as
recited in claim1l, wherein the particle filtering device is substantially
capgbl e of renoving particles fromsaid outlet gas flow as small as 0.003
mcron. 30 14. A nmethod for purifying a gas as recited in claim12, wherein

Stai nress. st dapet 38 B AKGRD 0o TRAHAT PR, P o) sfMRoRncet £U0L

a gas asprefeoed eshibodimehtaofitht2presehe irventionhelmpstep i8¢0 @ Beétter eplunm blevirigegeties

conprised of a.plurality.of filteri el enents. 16. . t hod for rifying
2 gas. aqmgstisos Rere i revidsih dieafel epiE vreriiop ShisrbrLhren 1 Syuiple of
cylindri §§étte§&ﬁiﬂﬁn suitable for use in step 810. Those skilled in the art will recognize, however, that

15 the method of the present invention is not limited to getter columns having the features of heated

getter vessel 200. In step 812 a first temperature is measured in a top portion of the getter
material. The first temperature may be measured by a control unit which is coupled to a
temperature sensor disposed in the getter material as described above for heated getter vessel
200. The first temperature is preferably measured from just above 0 inch to just below 3 inches
20 below the top of the getter material, with a preferred range being from about 0.5 inch to about 2.5
inches, and a more preferred range being from about 1 inch to about 2 inches. In step 814 a
second temperature is measured in a bottom portion of the getter material. The second
temperature may be measured in the same manner in which the first temperature is measured.
The second temperature is preferably measured from just above 0 inch to just below 3 inches
25 above the bottom of the getter material, with a preferred range being from about 0.5 inch to about

2.5 inches, and a more preferred range being from about 1 inch to about 2 inches.

In step 816 the getter column is isolated when either the first temperature or the second
temperature reaches a first alarm temperature which is higher than a normal operating

30 temperature of the getter column. The getter column may be isolated by actuating isolation

18



17. A nmethod for purifying a gas as recited in claim15, wherein the
filtering element is a disk shape. 10 18. A nethod for purifying a gas as
recited in claim1ll, wherein the hydrogen sorption naterial is selected
fromthe groMpon®mBri sting of zirconium palladium plati nupeT/USV0I044T

rut henium nickel, titaniumand alloys thereof. 19. A nethod for purifying
a gas asvalwesivihixh provent gasnfrdm enteting either theeinley df ageoutlsosithe gettel TolidherAal
conprises a,_ngn-evapoyatiyve getter all ?% sel ected fromthe group consisting

of : zi r cosaFribed FhovEa isalsting By SetteroRpifish huly dvghihe pxpthermug rqaghien whigh ogeuget hod

for pur iwénnﬁgrﬁ AityAhs 'éx?t@xisttﬁéj%étt@r Clnfhd? ”ﬁﬁbﬁrgtlh'i&ﬁ%m;%?ﬁm{eiiﬂ:. g@i}ﬁgﬁ% of c

nonitoring the tenperature of The hydrogen sorption materi a 20 2

10 15 201@2% ®bwd 00/ O38lofe PefEabBOdhotoN A Rilabont 6 2, add geist preferablysabout

conpri si ng: a gas heating device; h) a quantit f rification
b1 a1 S5 g adie SPpi PR in i he iR g oo SR SRR ol o
and an_ oyhibthe gBfdr@oRRm i9 okt Bf HPMBoMEhs HAHiferIMS ndrnal SperMitlg tbnphthRbrimt er i al
and said gas heating device, said gas heating device proxinmal to the inlet,
sai d barsgefter cakemme s aboutpd09x iCrafcaordingly, ¢he first alarm semperayars ippreferablyawithin a
material_dis d e ' tin | ce .and_sai d.barner erial,
sai d gasr Sati r?gla lé\ﬁ/'itaé@ agtggi’%ﬁrglé‘(?iéégrﬁr% '%%g%‘{rwg““%gﬁﬁlgscé’?goﬁaarbﬂlgrl terial
ar rangedc w 4baui 2667 @, aad elosspreferablyadboittadd” @ gas flowing into said enclosure
via said inlet and out of said enclosure via said outlet, nust follow a
flpwv path first through said gas heating device, then contacting said gas
purification material and then flow ng through said barner material. A
heat ed Bett efn \Rp 8 11RSgdit8CidI@fn igivéntedl whef loithWHBE Firdd tdrhiRrfi@s o @Rt deBghadevi ce

i ncludes: a) a gas heater body; b) a heat source;
temperature reaches a second alarm temperature which is higher than the first alarm temperature.

The getter column may be vented by actuating a vent valve which allows gas to flow out of the
getter column. As described above, venting the getter column relieves the internal pressure
15 therein, which is normally about 100-150 psig. This prevents such internal pressure from forcing
molten getter material against the containment wall of the getter column and reacting therewith
to form a eutectic composition. Venting also helps rid the getter column of excess impurities.
The second alarm temperature is preferably at least about 100° C above a normal operating
temperature of the getter column. Accordingly, in the preferred embodiment in which the getter
20 column is part of an argon gas purifier, the second alarm temperature is preferably at least about

500° C.

Figure 3 illustrates the integrated hydrogen sorption and particle filter assembly 300. The

integrated hydrogen sorption and particle filter assembly 300 includes an elongated outer

25 enclosure 301, a first end cap 309, an inlet 302 proximate to the first end cap 309, a second end
cap 310, an outlet 303 proximate to the second end cap, a inlet screen 314, a quantity of shot 306,

a quantity of hydrogen sorption material 304, a thermocouple 305, a screen 307, a plurality of

filter elements 308, and a filter element mount plate 312.

30 The first end 309 and second end 310 are preferably welded gas-tight to the elongated
outer enclosure 301. The outer enclosure 301, the first end cap 309 and the second end cap 310,

define an inner volume. The inner volume contains the quantity of shot 306, the quantity of
19



c) a plurality of gas passages; d) a first annular volunme; e) a second
annul ar vol ume, wherein, said gas heater body, said plurality of gas
passages, said first annul ar vol ume and sai d second annul ar vol ume are
arranged w tworol/ezid Better vessel such that said gas heat ®CT/USeYI%AMd | nes

said first, and said Sec nul ar ur a sages
oreCin  PUArGERR SRR SRR S0 e JariOratpleysom el 7, e et o DR )
sai d firedtmensB0&the/Hltatratement imdudtl platel 3¢2)nand mheCialet 6¢restd 314, SHhedinkke3eNi3 in

annul ar yal,u sai d second. annul.ar v n fluid conmuni cation with
an int erﬁ %Pwtb"é‘f‘?”ﬂe We%‘éﬂl %f %{’mq?t r?lcdhosure, such that a gas
flowng into said enclosure via said inlet flows fromsaid inlet then

t hrough said al it as t hen throygh said flrs

Vol Sme ¢ nen Gttt theeie SR R aR G Rl e S ety ot JBRBEL | g
devi ?:e i qttgu@\?}]fdty&etgéﬁqrymﬁh mhte8d1309S The qll.xﬁqéﬂl’geait mdilr@ehtseﬂpnue?ﬁﬁhalam4rlem ted
in claim erei ai eat s udes _a pl urali of. heat , souyrces.
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claim 23hydﬁé‘géheb1@t16ﬁhﬁteﬁhm(&l| t&;gwhohe&&ot@aun@@semrwbuaﬂ&h@hgt exa:i)turaﬂye heat
source in gont ortion of_ the &as heat e

heat ed BtRt §'é|30§s%ﬁ‘%é’ﬁf"j. '(E?rzfil‘?ﬁe?§ 30Rs5s erepable;focs Ttﬁﬂ“éﬁ}' Fﬁp 6“ heat

soggces Earhéled i ARS gt fldwe aBtomOme ﬂhaaéterﬁ@w @ pufifie®TiRedd sk Howabul Basitled
portion of the Better vessel enclosure. 26. ‘A heated Better vessel as

recited $98 telﬂéﬁ%‘lﬂétllw\%é'f‘%gﬁpgﬁ ieptign axstem {00 gas purification materi al
includes a plurality of types of gas purification material. 10 27. A heated
Better vessel _as recited in claim?2l, wherein the gas purjfication material

i s selected fISnidReEeR SoMmSion JARFEAl; 1Y 'éfPfefftan’oﬁlnt&‘HteV%P&F?t‘éfal&fﬁfr phiski®um

rhodi um effddtie R tefove ighRken ttl femPbrdfiraaNi1oH hieos 1bb°eceqﬁore kenctdlly Rssad ed
Better vessel as recited 1 n _claim?2l1l, wherein the g purification materi al

cohpri setboyt Abr--e Pegferably the hudogen 5°&P"F‘-’6‘ym§téll@d§ éEFdf"rtd?ﬁ‘E%%WﬁF GHENg M st i ng

of zi r cogh,hiBRt YasAthied fo'aBbhutalob @ys and zirconiumiron alloys. 29. A heated
Better vessel as recited in claim2l, wherein said quantity of battier

material 20 includes a quantity of stal nl ess steel shot. 30. A heated

Better vesselpagodeR Gbiptitn imfhidiali 47 aﬂmwrtzb@r)y QQORNiLA IcAghcR chﬁrfgﬂfc%éﬂ‘gf‘sheat od

sensor di sposed in a portion of said purification materi a
Better vixamlessef suitable didrogen: jegiers Juluidanemensnotbersdziremyan dittniemskafaism i s

0pgp abl ey RuMe iffthunt VaAEREHA ki, gﬁtcﬂ | Gftalin, Wowtear ﬁﬁ’@ afl6ys BT kS apiid. B2, A

heated Better vessel as recited in claim2l, fiuther conprising an outlet
filter pPraferakpubclss,efhydrosen sefier mapmeials dsefyli ey present invention are the zirconium

alloys.

For example, the getter material can be an alloy of Zr--V--Fe for both noble gases and

25 nitrogen. Such alloys generally have a weight composition such that the percentage of weight of

the three elements when plotted on a ternary composition diagram lie with a polygon having as

its corners defined by (a) 75% Zr--20% V--5% Fe; (b) 45% Zr--20% V--35% Fe; (c) 45% Zr--

50% V--5% Fe. Such getter materials are described in U.S. Pat. No. 4,312,669. Preferably, a

ternary alloy having a weight of Zr (70 wt. %)--V (24.6 wt. %)--Fe (5.4 wt. %) is used. Such

30 alloys are available commercially in various forms as St707™ Getter Alloy (SAES GETTERS
S.p.A., Milan, Italy).

If the gas to be purified is a noble gas or nitrogen, the getter material can be an alloy of
Zr--Fe. Such alloys are known to the art, and preferably consists of from 15 to 30% by weight of
20



30 33. A heated Better vessel as recited in claim32, wherein said outlet
filter includes at | east one of a sintered stainless steel filter, a
sintered Nickel filter. 28 WO 01/ 038l 2 rcrnrsooi | 90a4 34. A heat ed getter
vessel as rex0dE®si2n claim 32) wherein said outlet filter rmm@wat | east
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havi ng afh 13’9“%‘&“%?5)“’8@ YHMS£ said systeminlet in fluid conmunication
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20

The temperature sensor 305 is provided in the integrated hydrogen sorption and particle
filter assembly 300. The temperature sensor 305 monitors the temperature of the hydrogen
sorption material 340. This provides easier activation and reactivation of the hydrogen sorption
material 340 by providing a temperature sensor integral to the integrated hydrogen sorption and

25 particle filter assembly 300. The temperature sensor is electrically coupled to the control unit.
The temperature sensor 305 also monitors the temperature of the gas flowing through the
integrated hydrogen sorption and particle filter assembly 300. If the temperature rises above an
alarm temperature, the control unit may interrupt the flow through the integrated hydrogen
sorption and particle filter assembly 300 by closing the inlet valve 106 and the outlet valve 114,

30 The alarm temperature is preferably selected to be less than about 100° C,

Since the integrated hydrogen sorption and particle filter assembly 300 includes a
metallic filter, the integrated hydrogen sorption and particle filter assembly 300 can be
regenerated by heating the assembly above about 200° C. to drive off the hydrogen trapped in the

21



37 WD 01/0381Z PCTNS00/ 19044 A gas purification systemas recited in claim
36, wherein sdid heated getter vessel includes: a) a gas heating device; b)
a quantity of gas purification material; c) a quantity of barrier material;
d) an encl os ing an inlet and an outlet) said enclos sk sai d
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sponge and sa1 particle filter devxce, said hydrogen sponge proximal to said inlet, said

particle filter device being proximal to said outlet, said hydrogen sponge and said particle
filter device arranged within said enclosure such that a gas flowing into said enclosure via
said inlet and out of said enclosure via said outlet, must follow a flow path first

15 contacting said hydrogen sorption material and then flowing through the particle filtering

device.

2. A gas purification system as recited in claim 1, wherein the particle filtering device is
manufactured from a sintered metal.

20
3. A gas purification system as recited in claim 1, wherein the particle filtering device is

substantially capable of removing particles from said outlet gas flow as small as 0.003 micron.

4. A gas purification system as recited in claim 2, wherein the particle filtering device is

25 manufactured from at least one of: nickel, stainless steel.

5. A gas purification system as recited in claim 2, wherein the particle filtering device is

comprised of a plurality of filtering elements.

30 6. A gas purification system as recited in claim 5, wherein the filtering element is a
cylindrical shape.

7. A gas purification system as recited in claim 5, wherein the filtering element is a disk
shape.
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measuring device.

11. A method for purifying a gas, the method suitable for purifying gas to a level of purity

sufficient for semiconductor manufacturing, the method comprising the acts of:

15 a) cooling the gas to less than 100 degrees C.
b) flowing the gas under pressure into a gas purification system enclosure via an
inlet;
c) contacting said gas under pressure with a hydrogen sponge disposed within said

gas purification system enclosure;
20 d) flowing said gas through a particle filtering device disposed within said gas
purification system enclosure; and

€) flowing said gas out of said gas purification system enclosure via an outlet.

12. A method for purifying a gas as recited in claim 11, wherein the particle filtering device

25 is manufactured from a sintered metal.

13. A method for purifying a gas as recited in claim 11, wherein the particle filtering device

is substantially capable of removing particles from said outlet gas flow as small as 0.003 micron.
30

14. A method for purifying a gas as recited in claim 12, wherein the particle filtering device

is manufactured from at least one of: nickel, stainless steel.

25
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disk shape.

10 18. A method for purifying a gas as recited in claim 11, wherein the hydrogen sorption
material is selected from the group consisting of: zirconium, palladium, platinum, rhodium,

ruthenium, nickel, titanium and alloys thereof.
19. A method for purifying a gas as recited in claim 11, wherein the hydrogen sorption
15 material comprises a non-evaporative getter alloy selected from the group consisting of:

zirconium-vanadium-iron alloys and zirconium-iron alloys.

20. A method for purifying a gas as recited in claim 11, further comprising the act of
monitoring the temperature of the hydrogen sorption material.

20

25
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YeabClL !L°| i%le?% ﬁ‘bgl)nefg‘ mat%%lgﬁr&&mﬁ?f% anﬁ outie)t said gas purification material disposed
between said gas heating device and said barrier material, said gas heating device, gas
10 purification material and said barrier material arranged within said enclosure such that a
gas flowing into said enclosure via said inlet and out of said enclosure via said outlet,

must follow a flow path first through said gas heating device, then contacting said gas

purification material and then flowing through said barrier material.

15 22. A heated getter vessel as recited in claim 21, wherein the gas heating device includes:

a) a gas heater body;

b) a heat source;
) a plurality of gas passages;
d) a first annular volume;
20 e) a second annular volume, wherein, said gas heater body, said plurality of gas

passages, said first annular volume and said second annular volume are arranged within
said getter vessel such that said gas heater body defines said first and said second annular
volumes, said plurality of gas passages are in fluid communication with said inlet and
said first annular volume, said first annular volume is in fluid communication with said
25 second annular volume, said second annular volume is in fluid communication with an
internal volume defined by said getter vessel enclosure, such that a gas flowing into said
enclosure via said inlet flows from said inlet then through said plurality of gas passages,
then through said first annular volume, then through said second annular volume and
exits said gas heating device into said getter vessel enclosure.
30
23.  Aheated getter vessel as recited in claim 22, wherein said heat source includes a plurality

of heat sources.
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15 28. A heated getter vessel as recited in claim 21, wherein the gas purification material
comprises a non-evaporative getter alloy selected from the group consisting of:

zirconium-vanadium-iron alloys and zirconium-iron alloys.

29. A heated getter vessel as recited in claim 21, wherein said quantity of barrier material

20 includes a quantity of stainless steel shot.

30. A heated getter vessel as recited in claim 21 further comprising a temperature sensor

disposed in a portion of said purification material.

25 31. A heated getter vessel as recited in claim 30, wherein said temperature sensor is operable

to detect a temperature rise of 10 degrees per millisecond.

32. A heated getter vessel as recited in claim 21, further comprising an outlet filter proximal
to outlet of said getter vessel.

30
33. A heated getter vessel as recited in claim 32, wherein said outlet filter includes at least

one of: a sintered stainless steel filter, a sintered Nickel filter.
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gas purification material is operative to substantially remove impurities from said heated
gas;

10 c) providing a barrier layer, wherein said barrier layer having a quantity of barrier
material operative to react with a portion of said gas purification material; and
d) measuring said heated gas temperature utilizing a temperature sensor disposed in

at least a portion of said purification material.

15 36. A gas purification system comprising:
a) a system inlet and a system outlet;
b) a gas to gas heat exchanger having a cool gas inlet, a preheated gas outlet, a

heated gas inlet and a precooled gas outlet;

c) a heated getter vessel having an inlet, an outlet and a heat source;

20 d) a gas to air heat exchanger having a precooled gas inlet and a cooled gas outlet;
e) an integrated hydrogen sorption and particle filter having an inlet and an outlet;
D said system inlet in fluid communication with said cool gas inlet on said gas to
gas heat exchanger;
£) said preheated gas outlet on said gas to gas heat exchanger in fluid

25 communication with said inlet on said heated getter vessel;
h) said outlet on said heated getter vessel in fluid communication with said heated

gas inlet on said gas to gas heat exchanger;
1) said precooled gas outlet on said gas to gas heat exchanger in fluid
communication with said precooled gas inlet on said gas to air heat exchanger;

30 j) said cooled gas outlet on said gas to air heat exchanger in fluid communication
with said inlet on said integrated hydrogen sorption and particle filter; and
k) said outlet on said integrated hydrogen sorption and particle filter in fluid

communication with said system outlet.
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15 38. A gas purification system as recited in claim 36, wherein said integrated hydrogen
sorption and particle filter includes:
a) a hydrogen sponge including hydrogen sorption material;
b) a particle filtering device; and
c) an enclosure having an inlet and an outlet, said enclosure housing said hydrogen
20 sponge and said particle filter device, said hydrogen sponge proximal to said inlet, said
particle filter device being proximal to said outlet, said hydrogen sponge and said particle
filter device arranged within said enclosure such that a gas flowing into said enclosure via
said inlet and out of said enclosure via said outlet, must follow a flow path first
contacting said hydrogen sorption material and then flowing through the particle filtering
25 device.
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