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benefit of U.S. Provisional Application No.
60/ 488,850, filed July 21, 2003 and U.S. Provi sional
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Advances in integrated circuit semiconductor technology have included the

N

development of semiconductors with copper interconnects instead of aluminum
interconnects. Copper interconnects are advantageous in that copper has less
20 resistance than aluminum, which leads to higher performance in microprocessors,
microcontrollers and random access memories.
However, copper tends to migrate over a period of time, so it is necessary to
construct barrier layers in the semiconductor to prevent the migration of copper.
Such barrier layers are typically made of nitrides such as tantalum nitride (TaN),
25  titanium nitride (TiN) or silicon nitride (Si;N,). These layers are commonly formed
by deposition from a hydride gas, such as ammonia (NH;) and/or silane gas.
Further, ammonia is widely used as a source of nitrogen for film

development in some thin film applications. The ammonia allows for lower
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26 o%QCO%%%C%? haffR3t Iéi\;e];lf‘)ef}}ﬁlo% éoﬂpéﬁﬁtja{ii)r?ssof{ogiygen (<10 ppb) can be
sufficient to cause a significant reduction in performance or operability so as to
require discarding the product after manufacture. The presence of oxygen in the
manufacture of LEDs results in a decrease in the photoluminescence intensity.

Water vapor and carbon dioxide gas are two other detrimental contaminants

25  in hydride gases, which lead to degradation of products that are formed by
deposition of active layers of metals or metal compounds from a hydride gas
environment. Water is one of the most common and yet most difficult impurities to
remove from the gases. Water is ubiquitous in almost all ambient environments.
Even systems that are nominally referred to as "dry" usually have significant

30 amounts of water, and most drying processes can reduce the moisture content of a

gas only to a "minimum" that is still in the parts per million (ppm) range. However,
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Some prior art processes have been described in which oxygen has been
removed from ammonia streams by metals or metal complexes serving as "getters."
However, these have been relatively ineffective at sufficiently decontaminating a gas
stream. In addition, the getters are typically deposited on substrates, such as silica or

25 zeolites, which do not play a central role in the decontamination process, and may
themselves be degraded by the hydride gases. See, for instance, U.S. Patent Nos.
5,496,778 (Hoffman et al.), 5,716,588 (Vergani et al.) and 4,976,944 (Pacaud et al.);
PCT Publication No. WO 97/06104 (SAES Getters S.p.A.); and European Patent
No. EP 0 784 595 B1 (SAES Getters S.p.A.).

30 Alvarez (U.S. Patent No. 6,241,955) teaches the use of mixed compositions
of high surface area (>100 m*g, preferably 200-800 m?g) reduced metal oxides for



stream In addition, the getters are typically
deposited on substrates, such as silica or 25 zeolites,
whi ch do not play a central role in the decontam nation
process, and may thenselves be degraded by the hydride
gases. See, for instance, US. Patent Nos. 5,496,778
(Hof fman et al.), 5, 716, 5884(Vergan| et al.) and
4,976,944 (Pacaud et al.); PCT Publication No. WO

97/ 06104 (SAES Cett d Eur P t
No DR S s 9F ekt Fopaiodride RIS Mg S

U .
(U.BrboRahi§e X fwﬁl g%o?ﬁ? C}g@ﬂ&hgﬁgé Ih&é%’cﬁﬁgt%w MkyieMalogs of

conpositi ons sur are
pr diyefiddpases ODheBiOtah@xidgs are ;imcﬁeeablyrﬂtoaé oﬁm’an@mesfeon malybdenum

84 SR Br SRHaRgIT R gk GOHelBil HareHAg WK g fpps tabl
i;gﬁ g%/lg rtérgleusg vef Q\?ﬂlté%‘i{érﬂgvél QFFi cdnkiek aRRhRBEnPhxygen

gases oxl des are preferably those of
MBNGpAEES vadre fminylh@l balimited sachathat ibis nepdssan & dugmenk these

W th iraon oxi ,.,Sc materials, were, found to be abl e
LRI e TR AL AR TN I RS
ef fi.¢heNGi A% QS water and oxygen capacities were

found to be INMmted such that it is necessary to

augnent Thegseblematf eethavad ofdnitansisaittleadovdr ti nldO0gpbnn bydride

18 ehesamyins pHenAaE! Bpist I dir el o8 PrRduHeR At g Pirit) LEDS,
| evgh la%%eﬁx%o@ﬁl@&or@%d‘ the XA T1Re pf’éeeél@ssﬁﬁt 4r€ BBinp Bisé are

si gni |cant problemin the field of production of high
purdxipynsiesecausblofi éhel vesestort sseitedadfithesiesontamiatimgmaterials and

ex B T BREE: GpeRBatc BT Sob QT idodpieppige the

de C%@E%e%ﬁbt@ﬁo{éﬁ%ﬁ bf He SetMhminbEhd mﬁt‘éﬁﬂs fxrpfhe Tk QEMRIYS the

rep acenent Ithﬂ since It 1s difficult to
lﬁetxeacmvn dydiide gasegasers af sichlechetaarinaingtmaeria$ ntua‘reschedule their

dec natln materjals i enc of t
GPluag“e'“‘?j]éé@élteWPé% & B BisSROHSE weatst e °ﬁdlfe To
mat & (')tﬁér%fl%@\%ul& 53 ﬁa‘fﬂu?e % dJcontgﬂnﬁﬁﬁblq ufif thet & rEGRITRI T a
I nterv ess t e shortest expected Service

I | f @ntdheinateld prokdhetr \ﬁmeeqmnﬂl)d cnirerk sygiérhurequiod that many if not most
decont am nation unit . ther

[t
comidhs ﬁ@pg@nbpaé@gdlgnts tglé%qlr an I}E@rtbeé'rﬁmlsl?é’f soppe degree of
26 CERE sEDRE HIPRY, tHus @lﬁ{hefrﬁr%l;eamﬁé tﬁel'h%pgﬁsg QR RNy dPRrations.

units nmust be distcarded while they still have Some
degree of

SUMMARY OF THE INVENTION

The present invention provides compositions of matter and methods of gas
purification that evince a dramatic increase in capacity of contaminant removal over
that provided by the prior art. Moreover, on a contaminant sequestering capacity per

25  unit surface area basis, the present invention provides an even starker advantage over

materials and methods in the prior art.

The invention includes a method for the removal of contaminants from a
hydride gas stream. The method involves contacting the hydride gas with a material
comprising a quantity of a lanthanide metal oxide, preferably where the material has

30 asurface area of less than about 100 m?%/g, for a sufficient time to reduce the level of



20 useful service life left, thus further increasing
the expense of the system operations. SUMVARY OF THE
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20 other lanthanide metals and/or transition metals. Compositions of the instant
invention are substantially unaffected by the presence of hydride gas, as
demonstrated by having a service life of at least about at least 6 months for typical
uses of a sufficient quantity of material before the media must be regenerated.
The invention is based upon the discovery that lanthanide metal oxides are
25 highly efficient gas purification substrates. It has been further discovered that
lanthanide metal oxides can efficiently remove contaminants despite their relatively
low surface areas, typically less than 100m?%g. This is surprising in view of the fact
that purification substrates are typically high surface area materials where
purification of gases takes place predominantly on the surface of the substrate. The
30 unique properties of the lanthanides provide high mobility of oxygen within the

lattice interior of the substrate, which provides increased oxygen capacity. The high



preferably exist in a m xed oxidation state, where the
oxi de portion has sufficient structural stability to
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purification substrates. ) o
FIG. 6 shows moisture removal from arsine gas, as described in Example 4.

FIG. 7 shows the FT-IR spectrum of arsine gas before and after an overnight
20 pressurization.
FIG. 8 shows the moisture content of arsine gas before and after contacting a

conditioned medium.

FIG. 9 is a carbon dioxide calibration curve to 100 ppb CO,.

DETAILED DESCRIPTION OF THE INVENTION

25 The invention is a method for the purification of hydride gases comprising
exposure of the hydride gas stream to a purification substrate with a relatively low
surface area, preferably less than about 100 m%/g, containing at least one lanthanide
group metal oxide for sufficient time to reduce the contaminants to less than 100

ppb, preferably 10 ppb, more preferably 1 ppb, even more preferably 0.1 ppb.



FIG 2 is a noisture breakthrough curve for the C and D
purification substrates. 15 FIG 3 is a carbon

nonoxi de cal i bration curve to 10 ppb CO FIG 4 is a

br eakt hrough curve for the C and D purification
substrates. FIG 5 is a CO;rel ease versus purifier
tenperature curve. FIG 6 shows npisture renoval from
arsine gas, as described in Exanple 4. FIG 7 shows
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decontaminate efficiently at relatively low. surface areas. The instant invention
20 provides a unique purification substrate, both in its surface area characteristics and
its composition in containing lanthanides.

In a preferred embodiment of the invention, a composition of the invention
comprises about 3-20% of a lanthanide oxide, preferably lanthanum oxide.
Preferably, the composition is essentially free of at least one of copper, iron and

25 nickel, particularly iron. The material can also contain manganese oxide, for
example, about 75-90% manganese dioxide, optionally a transition metal or
transition metal oxide, and the balance in fillers such as silicon dioxide, aluminum
oxide and/or potassium oxide. Preferably, the composition comprises about 8%

lanthanum oxide, about 88% manganese dioxide and about 4% fillers such as silicon

30 dioxide, aluminum oxide and/or potassium oxide. The oxidation state of the
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lanthanum and cerium oxides and similar materials (lanthanide oxides) to readily
accept or donate oxygen atoms within the material. This capacity results in the
facile redistribution of oxygen occupancies and vacancies throughout the material,
including catalytically active sites, even when these sites are occupied by non-

25 lanthanide elements. Such fluid lattices are possible with a wide range of lanthanide
oxide to metal/metal oxide ratios. While the mechanism of this oxygen storage
capacity is still under investigation, it is believed that the highly electropositive
nature and ionic bonding properties of the lanthanide elements play a role. Due to

the high mobility of oxygen within the substrate, low surface area materials can be

30 used successfully for purification.
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pr eh&r&itallflpbssitle.Nth tﬁ@lﬁfﬁﬁmd&d in the materials of the invention, it is
unlikely that the metal oxides exist in a single discrete oxidation state. For example,
Ce is considered to have an effective oxidation state of about 3.3 to 3.8.
The lanthanide metals and metal oxides may optionally be supplemented
25  with one or more rare earth metals, preferably scandium (Sc), yttrium (Y) or
lutetium (Lu).
In a preferred embodiment, the compositions of the instant invention further
include one or more highly electropositive metals (e.g., transition metal) that are less
electropositive than the lanthanide metals. The highly electropositive metal should

30 be in a metallic state or a mixed oxidation state, where at least some of the metal is

in the metallic state. Such metals include, but are not limited to, molybdenum (Mo),
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include H,0, O,, CO,, non- methane hydrocarbons, hydride gas oxidation products,
volatile metal compounds and secondary hydride gas contaminants, with the material
being most efficient at the removal of H,0 and O,.

Materials for the instant invention preferably have a surface area of less than

25 100 m%g, although greater surface areas are permissible. The surface area of the
material should take into consideration both the interior and exterior surfaces.
Surface area is determined according to industry standards, typically using the BET
model. The surface area may be as low as 75 m%/g, 50 m%*/g or even 20 m*/g. In
order to obtain the desired surface areas, particularly those of about 50 m%/g or

30 greater, it may be necessary to support the lanthanide metal or metal oxide materials

on a support material. The support materials may contribute to hydride purification.



manganese (M), chromum (Cr), rhenium (Re), platinum
(Pt), rhodium (Rnh), ruthenium (Ru), vanadium (V),
titanium (Ti), zirconium (Zr) and cobalt (Co) and are
preferably Mh, C, M, V, Ti and Zr. It has been found
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| n useful for the instant invention mclude mixtures of Ce and Sm; Ce and Zr; and Li
and La. The combination of lanthanide and transition metals results in an irregular
lattice with a high oxygen capacity that allows for facile redistribution of oxygen
25 occupancies and vacancies throughout the material.

The materials of the instant invention can be used in any of a number of
purification apparatuses including, but not limited to, canister and multiple and
single bed apparatuses. In a preferred embodiment, the purifier has multiple beds to
allow for regeneration of one bed while gas is purified in another. Purification

30 comprises contacting the adsorbent material with the hydride gas stream for

sufficient time to allow for decontamination to the desired level. Decontamination



order to obtain the desired surface areas, particularly
t hose of about 50 nm2/g or 30 greater, it nmay be
necessary to support the |anthanide netal or netal
oxide materials on a support material. The support
materials may contribute to hydride purification. -11-
Sui t abl e support materials are not susceptible to
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caparganper hiter of maganial #taA5°€ and 18 prigds shle tdugmioyn ceritaminants for
OX%Pfefst about 6 months. Such materials also typically have a capacity for water
20 vapor of at least about 4 liters of water vapor per liter of material at 25°C and 15
psig. Further, the materials of the invention have sufficient structural integrity to
resist erosion or breakage in a flowing gas stream.

All references set forth herein are incorporated by reference in their entirety.

All percentages are by weight unless otherwise specified.



25 occupanci es and vacanci es throughout the material.
The materials of the instant invention can be used in
any of a nunmber of purification apparatuses including,
but not limted to, canister and nultiple and single
bed apparatuses. In a prefegged enbodi nent, the
purifier has nultiple beds al |l ow for regeneratlon
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Experimental Method
A first group of three Aeronex 70K purifier canisters were filled with C
20 mediaanda second group of three 70K canisters were filled with D media. The
media was activated under a 1 slm 95% Ar/5% H, purge at 375°C for 40 hours.

Oxygen Capacity
One of the 70K-C media purifiers and one of the 70K-D media purifiers were
tested side by side. The oxygen capacity test parameters included: a 6.5 ppm oxygen
25 challenge, 30 psig test gas pressure, and 3 slm gas flow through each test purifier.
Each purifier was checked for breakthrough every weekday throughout the test.




psig. Further, the materials of the invention have
sufficient structural integrity to resist erosion or
breakage in a flowing gas stream All references set
forth herein are incorporated by reference in their
entirety. All percentages are by wei ght unless
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sont am n@né¢ of teOKEHC asediacpurifiess éndrone D thesi08t-Dirmegdia purifiers were
oxygen, and car bon nonoxi de. The conpositi ons, qf fde

8: %& Ppm

anqeaeélﬁlée b side dThaBotsturesamaehy tesimsreriers dpclude
t
ﬁegﬁ\(ngssﬁgq_ﬁlgaﬁggé% 3?3}2% t%‘%%}g%él%%’shuf@ R 8%1h %55 ﬂQ\Qttﬁ}ough each test

e'two materials were
conpaifed. Edckperifisewhathebeddnforibridal threaigh gvary veekdayhhmeegh out the

Aeronex_ 70K purifier canjsters re filled with C_. 20
mediest- Mmstaresceem&aa%uﬁhsfes& 15} GFiyeqh ey weasugge By a Mecco

Ol . . ; . 1
e
Capeehktiiroink levklstwige #Ksutedmedibavp L@l ppber s and one of

the 70K-D nedia purifiers were tested side by side.
The oxygen capacity test paraneters included: a 6.5 ppm

OXY8&Bon Monoxide Release/Capacity
The Hewlett-Packard GC equipped with a methanizer and FID was calibrated

to measur; ppb levels of carbon monoxide. A standard addition method using a

15 cylinder with 351 ppm CO in nitrogen was used. Each test purifier was checked for -
CO release at room temperature, 200 °C, 375 °C, and 500 "C. A heating mantle and a
Temp-O-Trol (I’R) temperature controller were used to heat the test purifiers.
Following the initial release test, each purifier was subjected to an overnight vacuum
at 500 °C to rid the media of adsorbed CO. After the vacuum step, each purifier was

20 tested again for CO release at room temperature, 200 °C, 375 °C, and 500 °C. Flow
rate during release test was 3 slm nitrogen at 45 psig gas pressure. Carbon
monoxide capacity tests were performed following the CO release test. CO capacity
test parameters included: 3 slm nitrogen flow at 45 psig and an 800 ppb CO

challenge.

25 Results/Discussion
Table 2 shows the results of the O,, H,0, and CO capacity test to the 1 ppb
breakthrough point. Data are presented with units of liters contaminant per liter of

media (L/L).



25 chal l enge, 30 psig test gas pressure, and 3 sl mgas
fl ow through each test purifier. Each purifier was
checked for breakthrough every weekday throughout the
test. -14- Oxygen concentration in the test purifiers'
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br eakt hrough | evel s were neasured to above 100 ppb.

Moi sture Capacity 5 One of the 70K-C nedia purifiers
and one of the 70K- DIgkKiZ GIparify tsstsuBmAary t est ed side

by groe—The IlUibLUIenI;dpdCi[y tEestpar aneters

i nc uded: a 9.0 ppm i sQxyeger Rapreifge, [30 Meistpredsapacity

gas| pressure, and 1.5 [sTmgas, Tl t hroudh each
purjfier. Ea@h purifiefr was c@r@&%ﬁld for hreakthr%ﬁgh‘

every weekday through jout the t. Moigture
concentrati nié in-the tlest purﬂltLZIEC effHyent \.Aa%4L/L

measured by a Meeco 10 Tracer Misture Analyzer, which
has an LDL of 1 ppb noisture. Moisture breakthrough _
| evel s wfheCreediahatla slgzhélly ighed Gdpagipbfor Gaydearwhvieas thed@ media

Rel ease{ Capacity The Hew ett-Packard GC equi pped with a
Ret ﬁ%ﬁ?é@ﬁgra%aawymc&%mweg?-i brated to measure ppb
| evel s of carbon nonoxide. A standard addition nethod

using a 15 cylinder with 351 ppm CO in nitrogen was
use@xygacbaraesy purifier was checked for CO rel ease at

roomtenperature, 200 C, 375 C d 0 C..A heating.
rant | o ahavEen bre et G ToRhe o AL B PP FIC. 1
were used to heat the test purifiers. Follow ng the

initial release test, each purifier was subjected to an
oveMuighte Gapaciym at 500 C to rid the nmedia of adsorbed

CO. After,the vacyum step, each purifi was 20 tested
agai n fo&%ﬁ“ﬁé@i‘?@%&tb&&ﬁ%&f% é"r“df‘@f@?- 200 C, 375 C
and 500 C. Flow rate during release test was 3 sl m

nitrogen at 45 psig gas pressure. Carbon nonoxide
10apfeitoyp MesxsdeReleasp€lapanityed f ol | owi ng the CO rel ease

LRSS RBE T e Bl et Biga

25 Resul sk 58483#08%imit (LDL) of 2 ppb CO was determined based on the
calibration data. GC runs of 0 and 1 ppb yielded the same result. It was not until 2
ppb CO was injected into the GC when a definite increase in peak area was noted.

15 As seen in the CO breakthrough curves of FIG. 4, there was no low ppb level
CO capacity for either material.

A summary of the CO release study is shown in Table 3.
Table 3. CO Release study

Room Temp 200 °C 350 °C 500 °C
C 0 0 0 7 ppb
20 C post 4 ppb 9 ppb 13 ppb 8 ppb
vacuum step
D 0 0 3 ppb 85 ppb
D post 0 0 0 0
vacuum step




Table 2 shows the results of the 02, H20, and CO
capacity test to the 1 ppb breakthrough point. Data
are presented with units of liters contam nant per
liter of media (L/L). -15- Table 2. Capacity test
summary Oxygen Capacity Moi ﬁéure Capacity C 6.0 L/L
7.1 L/L D5.1 L/L 9.4 L/L The C nedia had a slightly

hi gher capacity for oxygen whereas the D nedia 5 had a
hi gher capacity for noisture. Oxygen Capacity Oxygen

br eakt hrough curves for the C and D materials are shown

[0 F1 G urbod MbRSHECREERGeleliclindl e GuREAUIH P Hatcd. The

curves are shown 1n FIG 2 10 Car bon Monoxi d
Releaeq:ei/oﬁ?acpﬂm s tBaermndwmnsxmadmlm atepliesatThere mmidllmvbdoeen a

G 3 | d i m
(L ehghes eve! hsE0 B hrckapant e S Rwn shkhgve bedh more
calgk fyi@d tF'th Cg.?t Bhe Feuli e %feelge@%ci-t}@@nﬁé{e?ﬂaﬂgpadts&%ed CO.

same res t was not until 2 CO was i nj ect ed
5 nt@O wae nAClanveat evedef S0l Kéaﬁmaheemeummtqpsm Iarfeanwdacsn the D

not ed seen in the, br eakt hr ou s of
. R SRR RO WHEIBC L EAPATE hoF Hie e pHper was
q%aﬂea'to 269 BF e, QarbBEdiblde S8 3RS ol-Bebbed & tﬁmgﬂeﬂ n
Tab 3. Table 3. CO Rel ease study Room Tenp 200 C 350
C 5&@pdétatu€esO 0 O 7 ppb 20 C post 4 ppb 9 ppb 13 ppb 8
ppb vacuum step D O O 3 ppb 85 ppb
Conclusion
10 The C media had an oxygen capacity that was slightly higher than the D
media, but the D media had a moisture capacity that was greater than the C media.
Neither material had any significant capacity to remove carbon monoxide, but it was
the D media that was able to completely desorb CO after the 500 °C vacuum step.
The C media still retained some CO after the vacuum step. Based on this study, the

15 D media out-performed the C media overall.

EXAMPLE 2

Carbon Monoxide Release From Hydride Gas Purifiers

Purpose
The purpose of the following ltest was to compare the performance of the
20 current hydride gas purifier technology as taught by Alvarez 6,241,955, (A media)
and the new hydride gas purifier material of the instant invention (E media) with
respect to carbon monoxide release at room temperature and at elevated

temperatures. The carbon monoxide capacity of each media was also measured.

Experimental Method
25 A first Aeronex 70K purifier was filled with A media and a second 70K

purifier was filled with E media. The compositions of the media are shown above.



D post 00 0 0O vacuum step -16- Carbon nonoxi de was

not detected until the purifier body was heated. The
exception to this was the C nedia post vacuum step

test. There coul d have been a higher level of COin

t he background or the instr ent coul d have been nore
sensitive that day. The vacUum step seened to rid the D
material of adsorbed CO 5 CO was not detected even at

500 C after the vacuum step v s rf med he D

medi a. w@hﬁa\aréﬁaéme %%tas? 02T Sim 5456 Ariodl H B b1 C for
whe fd

Car BOROG s ARIBYIL E Fartc eﬂﬁ@egﬁmg?a R apiEl e Ruas

t enpaiteited &Smeﬁﬂrmlbplﬁlle@a‘ls ofl@rbdmem éhaxedh, A dtadashadditiogenethod

capacity that slight] her than th nmedi.a,
Dot URE S eter A | PP QR TOgER AP 5Pk Bagh tggtaporier was

gr e@ﬁe?f(eci RATO ReaSe HELLA: terg@@r‘ LREPOBE 57520, hads@me. A heating

Significant capacity to renbve carbon monoxide, but it
was mahtie atd aFeinp-Q-Tad] (KRS teniyeeattre conmuﬂeet\rmlrgus&dst@hdmt 0O test

i R KA TR T I—
t
bR 00 e Ao Rl er e v

Hy dstepethéparifRttrwdsitestad adaitr foo €6 ﬁlmsqoaxrrpmseemlﬁerathe, 200 °C, 375

fol | ow n est_was to, conpare the pe rmance of the

190, Gy indra00K (PRl PR o5 MR A0 Gy ogeh FLligHE By
Al v # by 241,955, (A nedia) and the new hydride gas
purifier material of the instant invention (E nedia)

with regpethor monaidocapatityastoens ipetfomsa fatlowmgrthe CO release

tenperature and at elevate enper at ur car bon

monéﬁsr GO E3ISEY et RIFArBEs IFIAF & e s Slera S oS flow at 45
AN

EXDEGEARALARaMBE0CE drlitheel (0 cARLANRY hllindtiS i L £

dira an secon
15 included: 3 slm nitrogen flow at 45 psig and a 10 ppb CO challenge.

Results/Discussion
A carbon monoxide calibration curve to 10 ppb CO is shown in FIG3. A
lower detection limit (LDL) of 2 ppb CO was determined based on the calibration
data. GC runs of 0 and 1 ppb yielded the same result. It was not until 2 ppb CO was
20 injected into the GC when a definite increase in peak area was noted.

A summary of the CO release study is shown in FIG. 5 and Table 4.

Table 4. CO release study

Room Temp 200°C 350°C 500°C
0 0 1450 ppb 2850 ppb
E 0 0 0 0
25 Carbon monoxide was not detected until the A media was heated. The

vacuum step seemed to rid the A material of adsorbed CO. CO was not detected at




purifier was filled with E nedia. The conpositions of

the nedia are shown above. -17- The purifiers were
activated with a | sIm95% Ar/5% H2 purge at 375 C for

40 hours. The Hew ett-Packard GC equi pped with a

nmet hani zer and FID was cal i\?rat ed to nmeasure ppb

| evel s of carbon nonoxi de. standard addition nethod
using a cylinder with 351 ppm CO in nitrogen was used.

Each test purifier was 5 checked for CO release, at

t entiBrol ths Bstes imneratirpsateet (e yResp Step VRSREHPIIG OTHith(ymedia
andyRhhAIPeaRs I{)]&'areﬁ]ﬁ aftbf Ht%rmﬁlreéifa%s‘t‘s ﬁﬁéht #he kdsBpurtiRi Yvas heated
used to at the test purifiers. the purifier

r el ®8dCoDahtveayrboh didxadet émﬁ@amé 8t the higheistemperatures with
subjected.to an overnight vacuumat 500 Cto rid the
rred%hﬁAo‘F’egl‘asorbed CO After the vacuum step, the
purifier was tested again for CO rel ease at room
tenperature, 200 C, 375 10 'C, and 500 C. Flowrate

Aur Conrlusedrease test was 3 sl m nitrogen at 45 psig gas

For T o nbPd HER (B Rel ERS e i 88F SEdbap i R LRRAR™

par a¥Biel ©J. Ahe W Riedia MRy bitpastde ©0. The lAmBlTa RDES have any
flow at 45 psig and an 800 ppb CO chal |l enge. CO

c apaacpamyy ttoesmomaalmt recrs)xmerto thb leveletheE mediadif nelagleasy any

t fl t d 0
ool St tie LB Seriies Radc BPRef e OB 9 e
100 HediaRAt- dr&eémmrﬂeﬁlaHG 3. A lower detection
limt (LDL) of 2 ppb CO was deternined based on the

calibration data. GC runs of 0 and 1 ppb yielded the

It was not until 2 ppb COwas 20 injected
m?EX(ﬁ\E%Men a definite increase in peak area was
Not empdYisor BT Aaer @hd bhReRiGlabagacist sfhoniiantiitddiaridlanthanide
FI G and Tabl e 4. able 4. COrelease study Room

Tenﬁle@@ﬁ)c 350C 500C A 0 O 1450 ppb 2850 ppb EO0 00O
25 Carbon npnoxi de was not detected until the A nmedia
was heated. The

Purpose

15 The purpose of the following tests was to evaluate the performance of A, B
and E media by measuring their respective contaminant removal capacities for
moisture and oxygen. The E media is a lanthanide based media. The C media is a
manganese oxide based media. The A media is the manganese iron material

currently used for hydride gas purification. Compositions of all the media are given

20 above.

Experimental Method
Pairs of Aeronex 70K canisters were filled with each of the A, B or E media,
six canisters total. The filled canisters were activated under 1 slm 95% Ar/5% H,
purge at 375 °C for 40 hours.
25



vacuum step seened to rid the A material of adsorbed
CO CO was not detected at -18- any of the tested
tenperatures after the vacuum step was performed on the
A nedia. Methane peaks appeared in all of the A nedia
tests when the test purifier_ was heated to 200 C or
above. Carbon di oxi de al so'&)%‘t-gassed at the higher
tenperatures with the A nmedia. 5 Conclusion The high
tenperature vacuum step was needed to rid the A nedia
of OgsBLBRYITO, The A nedia initially out-gassed CO

The A ' ' . [ Y-

monoxi da Skt PR PR AR SERARIY 4 6 b i h hec
CO 39psitotestiggh picesirerant 3rsbm\tas flumthioagh vah texe edefier. Bacheplrifier
on this study, the E 10 nedi a out-perforn‘&%theA

medyas chekram ireaktiushaeyesn egdaydirapehonti st daxy gen
5rvm§ g?égénggﬁ‘&?ﬁf th &eg{ ! 'r!;’ae?ﬁltl@l@ § Fﬁgg“fﬂ%ﬁ% QB@itQ? Nanotrace

ur pose pur pose o W ng tests
waOxy@er Wahlyadre whivh Hae ah DDIECTO2 ppb dxygtn. @ygierr breaklihsougi
nmeasuring their respective contam nant renpval
capevals ves megsurediy 8jqyed V8 RAP-oxygen. The E nedia is a
| ant hani de based nedia. The C nedia is a nanganese
oxi de based nedia. The A nedia is the nanganese iron
matMoisailre Capacitgnt | y used for hydri de gas purification.
Conmpositions of all the nedia are ivegkaég above,

) .9
Exper i mereaRroifBinG@aps) teel naramedsrs fsude RPEY BRI o

il 1t r nf'%qifﬁrw ' | SLESSif
I(E otca?ﬁjedgﬁ’eibf f i g%é{)%aéﬁ’?‘%ts @F sa%\f\lg1 r 5eﬁac I'vat etg%‘jr%g %rg stieﬁm HHet:
95%a8h pofifiei2vashubiegieedafor Brébkthrough evidly netkdny tRBughl Sut the test.
Moisture concentration in the test purifiers’ effluent was measured by a Meeco
Tracer Moisture Analyzer, which has an LDL of 1 ppb moisture. Moisture

breakthrough levels were measured to above 100 ppb.

15 Results/Discussion
Table 5 shows the results of the O, and H,O capacity test to the 1 ppb
breakthrough point. Data are presented with units of liters contaminant per liter of

media (L/L).

Table 5. Capacity test study

Oxygen capacity Moisture capacity
20 E 9.36 L/L 11.50 L/L
3.85L/L NA
34L/L 9.6L/L

The oxygen capacity of the E media is greater than that of the A and B
media. The B media was not tested for moisture because the test purifier for this test

25 was not properly activated.



Oxygen Capacity The oxygen capacity test paraneters
i ncluded: a 6.5ppm oxygen chal l enge, 30 psig test gas
pressure, and 3 slmgas flow through each test
purifier. Each purifier was checked for breakthrough
every weekday throughout thegtest. Oxygen 5
concentration in the test purifiers' effluent was
nmeasur ed by a Delta F Nanotrace Oxygen Analyzer, which
hasg $Q~ qf 0.2 ppb oxygen. Oxygen breakthrough

mere

| eve

neasured to above 100 ppb. Mbdisture

Caphwiistyre Retnovel fbmrarsiheasi ty test paraneters
included: a 9.0 ppm noisture 10 challenge, 30 psig test

gas pressure, and 1.5 sl mgas flow through each test

purifier, ?%%g 5{?&?1[) eﬁ@(ﬁ er?z{ﬂ)?ece{&l%gfs{\s/g)rf Iﬂ,ﬁ ggcﬂe a?sLillgeh

every meek
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andmbidfre agdgict withedtSetios probesi(NISD trabéa‘bﬁakdahbﬁltﬁ@ﬂ) RBidM has a
Data are presented with units of |iters contam nant per
| i tégtegsion lmébli)%rl(ll(_)/#_? °C fawipeis (0.68b%E 01001 pest at Hipsigy. Two

SRR BTGRP i % e B, bl B
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and

B nedia. The B nedia was not tested for noisture

bechigseform dnfrared (FIUR) spestrometer tcnulqude@th a P metes gaotell.
proper| yAﬁgrt 1|nstaflaeuon onztge mEX'?'\ﬁ and 1n1t1a1 purging with inert gas, the

15

20

25

30

purifier was conditioned with AsHj at a flow rate of 40 sccm. No significant
temperature increase was observed (1.4 °C) during the conditioning step, which is
indicative of compatibility of the purifier with arsine. Conditioning was shown to be
complete after 150 bed volumes of arsine had passed through the purifier.

Moisture removal in arsine was demonstrated as shown in FIG. 6. The initial
moisture content of the arsine exiting the purifier was higher than that entering the
device. After 21 minutes of flow at 40 sccm, the moisture level at the outlet began
decreasing. This initial moisture spike is believed to arise from arsine-induced
desorption of moisture from downstream components exposed to the atmosphere
during installation of items such as the integrated filter element. After approximately
1.5 hours, the outlet sensor indicated a lower moisture level than the inlet sensor.
The dry-down response of the Panametrics moisture hygrometer is slow, taking 4
hours for the sensor to dry from 3ppm to 0.03 ppm under 2 slm flow of dry nitrogen.

After exposure of the media to 22 L of arsine, the device was isolated and the
pressure raised to 40.1 psia. The temperature and pressure were recorded overnight.
After 13 hours, the pressure had risen to about 58 psia, an increase of 18 psi. The

FT-IR of the headspace showed no observable by-products (FIG. 7), only arsine. It is



Moi sture Renoval from Arsine Gas A manifold was

assenbl ed to enabl e anal ysis of ULSI-grade arsine 5

(Mat heson 99. 9995% gas either bypassing or flow ng
through a Gat ekeeper SK purifier (Mkrolis

Corporation, Billerica, MA),. The inlet and outl et

moi sture concentrations i A24rsine to the purifier were
noni t or ed u3| ng a Pananetrics Series 3 noisture

anal yzer with M Series prohes (NI ST traceabl.e

callp%Ffﬁii fighihe REPRSWIS 1pRIgAss arisrsEamt s deenmposiiion gfigssing tqform
dew,RQy (O 0015 0.001 ppmat 0 psig). Two 10

sepgralge noi sture probes were | ocated on either side of

t he t estAfprnahdlyeng tle hpadspate, tid manifoldiwas perged so that no arsine was

Csidetyo ROl durire PRy SHeAGHSA VAT Lh ethoseiorsiSh AT dhfdr fghteen
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on t e nmani |t|a purging wth inert gas,
purthé indst Passmeatdodsens@rshowed 4 borkshiBatain of Of 120wpm, aﬁlaleothe 4@tlet
scan. significant 15 tenperature increase was . .
obg)@s\PeN@ 2(ppiy Coyjer @W}eﬁb ‘5 e metSFW%ﬁe@f%ﬁ& at g jndff mgisture
| nqigabk %gﬁngan‘a%%ﬂﬂétmoh&én% rafbn Bf‘@ Of’yﬁf)rfl' &rshl%vhhn FIG. 8.
ar si ne. troning was s conpl ete after
150 bed vol unmes of arsine had passed t hrough t he
purifier. Misture renoval in arsine was denonstrated
as 1’ FIG 6. The initial noisture content of
h j : gher than that
l(énfbee?l{io:]ﬂg&lgﬁﬁéE%&%éé%}%igﬂ&‘%l%ié@ﬁ:ﬁl?@%eﬁi& es of flow at 40
sccm the noisture level at the outlet began
decrea3|ng This initial noisture spike is believed to
ar iF¥8P9SEom ar si ne-i nduced desorption of noisture from
downst r [
et al | SCSEAReFHToRARRR s o O AL BN Rpmitel 1
el enefid by Alfehseiring g exiovalt eapacity fobcdnbarr dipxidb el netlia 1s a
sensor indjca ed a | ower noisture | evel than the inlet
seriayhanigabas 89@? GOEYPISHHER I# Ve M nanet r i cs
noi sture hygroneter is slow, taking 4 hours for the
sensor to dry from3ppmto 0.03 ppmunder 2 sl mflow of
18r \ExpetimogmhMethdkit er exposure of the nmedia to 22 L of
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FT-IR ofTHeﬂéevheﬁd’aﬁlam@ Gﬂm}m;ljaed ®v1ﬁ1basmet\hainlza' dnd-HhD odhsatakibrated
( Flt(? meZsure %Btt Yevglrs Solf gaerbon ledeC A standard addition method using a CO,
20 gas cylinder was used. The CO, cylinder was diluted to make a 200 ppb CO,
challenge in a nitrogen stream. Flow rate through the test purifier was 3 slm

nitrogen at 45 psig gas pressure.

Results/Discussion
Carbon dioxide calibration curve to 100 ppb CO, is shown in FIG. 9.
25 A lower detection limit (LDL) of 2 ppb CO, was determined based on the
calibration data. GC runs of 0 and 1 ppb yielded the same result. It was not until 2

ppb CO, were injected into the GC when a definite increase in peak area was noted.



-21- inferred that the pressure increase arises from

sl ow deconposition of arsine to form hydrogen. After
anal yzi ng the headspace, the nmanifold was purged so
that no arsine was detectable by the FT-1R The device
was then exposed to arsine 2 ain. After eighteen 5

m nut es of exposure to arsi (7 mnutes at 336 sccm
and 11 minutes at 168 stem), the inlet Panametrics
sensor
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nmedi a by neasuring the renoval capacity for carbon
di oxi de. The E nedia is a |anthani de based nedi a,
Whdsmcbsmposi tion i s given above. 15 Experinental

The 1111t TSERAGHES * A SRRt A ot bicler PBTAAGEn.
Ar/ 5% H2 purge at 375 C for 40 hours. The

Hew et t - Packard GC equi pped with a nethani zer and FID
was calibrated to neasure ppb |levels of carbon

di oxi de. t.and diti t [ C2.. 20.
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deterni ned based on the calibration data. GC runs of 0
and 1 ppb yielded the sanme result. It was not until 2
ppb CO2 were injected into the GC when a definite

i ncrease in peak area was noted.
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1.

22 The test purifier was checked for breakthrough
every weekday throughout the test. The breakt hrough
poi nt (above 2 ppb C02) occurred after 116 days.
Capacity in liters contaminant per liters of nedia is
calculated as follows: (3 sIm* 116 days * 24 hours *
60 mn * (200/1000000000) )29 .066L = 1.51L/L 5

Concl usion The E nedia has a CO2 capacity of 1.51 L/L
to 2 ppb breakthrough. Wile this invention has been

cularly shown and described with references to
Bl

Sembodi nents thereof, it will be understood by
those skilled in the art that various changes in form
andA dedtlod or nenyoxkaé ofremiearhinen®ifromva tstrear oﬁﬁyc&eimagaisj augnprising
fromthe sco t he |nventL n enconpassed. b
aprEHIEHNE| diceyrids LaygEgan) B ALRAeRR | OmPESin "R Gy of 2
f orjaf@aRYa hrdﬁfp rﬁ&ﬁ‘lt KNRNESude RN R Bl RRMnRhardty 8F ind ©as
gas, conprising contacting the hydride gas streamwth
a rsteamitainotmops thei Abpus 160 anatts per tollioa (Pplanthiamdteréal eimgp
meta OXi. e .the level of contam nants of the
gas’™ §tf‘? ajﬁﬂn&ft% gﬁ%&?%%an about 100 parts per
billion (ppb), the material being substantially
unaf fected by the gas. 2. The nethod of claim1,

wheFhd methpd of glaim énwh@remethall arjthanidd metebis seleeted e ghecarpup
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s?;t ‘%‘\ ant hani de netal is selected fromthe group

co |S|ngo'La, Cc and Sm 4. The nethod of claiml,

wher ein the mat eri al further corrprises a highly

el ect r S|t|ve tal or hi posj tive mnetal
 oxt B PEROHRE T Ron e s TR daTar el B Eieeteidtedh 1 sroup

furédﬁ§fstlﬁé38p£é,5(?§arﬁ‘l dpre earth et al

The method of claim 1, wherein the material further comprises a highly

electropositive metal or highly electropositive metal oxide.

The method of claim 1, wherein the material further comprises a rare earth metal
selected from the group consisting of scandium (Sc), yttrium (Y) and lutetium

(Lu), a lanthanide metal or oxide thereof, or a combination thereof.

The method of claim 1, wherein the material further comprises at least one

transition metal or oxide thereof,

The method of claim 6, wherein the transition metal is selected from the group
consisting of manganese, chromium, molybdenum, vanadium, titanium and

zirconium.



sel ected fromthe group consisting of scandium (Sc),
yttrium(Y) and lutetium (Lu), a |anthanide netal or
oxi de thereof, or a conbination thereof. 6. The method
of claiml1l, wherein the material further conprises at

| east one transition netal or oxide thereof. 7. The
met hod of claim®6, wherein tyie transition nmetal is
selected fromthe group consisting of manganese,

8. chr'im mathodof ylade duwhereanthd imatgridl is suppontedaora support substrate.
zirconium 24 8. The nmethod of claim1, wherein the
material is supported on a support substrate, 9. The

9. met-hedmefhod |o@b1£ln1 1, WRelesl ﬂe&ﬁh@eﬁ@h% 4 %rfd&@%r@a ogfq[asfsaEHﬁl
area of less than 2 about 100 m/g. 10. The nethod of
cl alpsuljooMmERei N the material has a surface area of
| ess than about 75 n2/g. 11. The method of claiml1,
wherein the material has a surface area of less than 2
ab / r

10. ma?gl?e xglgthh% of tlailﬁ r1 » %a(/@greafff%)g%gaftgfial %Lsa r}ace\ggc% lgﬁ tﬁf?n
N2/ Goul3s mtne nMethod of claim 1, V\,herel n the materi al
has a capacity for oxygen that is at |east about 4
liters of oxygen per liter of material at 250C and 15

psi . 14 h thod,of .claim 13, wherei.n the er] al
11.P oy Phoethad oF o donhireircih® sghesin g aR IR afSh Tl théb
quﬁ; ?P@ ?/ 4 liters of water vapor per liter of
matera 5 Cc and 15 psig. 15. The nethod of claim
1, wherein the hydride gas is selected fromthe group
conS|st|ng of ammuoni a, arsine, phosphine, dibora

12, d| sTlllealﬁé hogof gheta 1 SVPPr&Hétheél??derFﬂlé%@é‘ﬁfﬂ%@rear?féeﬁéb%d

&u gblz wherein one or nore of the contam nants are
sel

13. The method of claim 1, wherein the material has a capacity for oxygen that is at

least about 4 liters of oxygen per liter of material at 25°C and 15 psig.

14.  The method of claim 13, wherein the material further has a capacity for water

vapor that is at least about 4 liters of water vapor per liter of material at 25°C

and 15 psig.

15.  The method of claim 1, wherein the hydride gas is selected from the group
consisting of ammonia, arsine, phosphine, diborane, disilane, germane, silane

and hydrogen.

16. The method of claim 1, wherein one or more of the contaminants are selected
from the group consisting of water, carbon dioxide, oxygen, non-methane
hydrocarbons, hydride gas oxidation products, secondary hydride gas

contaminants, SO, and NO,, wherein x is 1-3. -



17.

18.

19. co

20.

21.

22.

fromthe group consisting of water, carbon dioxide,
oxygen, non-nethane hydrocarbons, hydride gas
oxi dation products, secondary hydride gas
contam nants, SO, and NO, wherein x is 1-3. 25 17. The
met hod of claim 16, wherein one or nore of the
contanmi nants are selected ¥ omthe group consisting of
wat er, oxygen and a conbi nation thereof. 18. The net hod
of Tdleanethdd ofdignel 6) vdreecinoonaor moed oftthe cmaamérrdntsaait Selacrted
vol atil e netal conpounds. 19. The net hod of 31 1,
Wb &R HEGHEVRFOREHED B WekE CEARRG AR bERGon thercol.
nmet al - cont ai ni ng conmpounds. 20. A conposition for the
purification of hydride gases, conprising 3-20% by
vve IT§letmahodof daitthhnivitecigropapr odirdef theicentaimnanieare volatile
§%|t|on is essentially free of at |east one of

gg COFF@H ni ckel . 21. The conposition of claim
20 wherein the conposition further conprises
naﬁ%gnese oxide. 22. A method for renoval of

mgibed ef dlaiond .avisareiname oF nioyelpf de cgaieminanghgrei si ng

cont&gﬁ() lgge %drid gas streamwth a nateri al
coMpsiNG "4 e GUHRYYIY of a | ant hanum oxi de to reduce
the level of contam nants of the gas, streamto not
nore than about 100 parts per billion (ppb), the
matde FOTRPOSRITT the s isatiompf Yy didarepscst eamprysing a-20¥sby

weight of a lanthanide group oxide, wherein the composition is essentially free

of at least one of copper, iron or nickel.

The composition of claim 20, wherein the composition further comprises

manganese oxide.

a method for removal of contaminants from a stream of hydride gas,
comprising contacting the hydride gas stream with a material comprising a
quantity of a lanthanum oxide to reduce the level of contaminants of the gas,
stream to not more than about 100 parts per billion (ppb), the material being
substantially unaffected by the gas.



