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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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I MBhfficied$ td @use a significant reduction in performance or operability so as to
require discarding the product after manufacture. The presence of oxygen in the
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Water vapor and carbon dioxide gas are two other detrimental contaminants

25  inhydride 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
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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
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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, typicaily 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
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20 pressurization,
FIG. 8 shows the moisture content of arsine gas before and afier contacting a
conditioned medium.

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

DETAILED DESCRIPTION OF THE INVENTION

25 The invention is a rhethod 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.
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a hydbhdRigRs eBleRAPLL R1akiSSS 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, alurminum
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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as in transition nmetal chem stry wherein the val ence
or bPessPLOfionate 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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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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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 ot 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.
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lattice with a hxgh 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
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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.
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The materials of the instant invention can be used in
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Experimental Method
A first group of three Aeronex 70K purifier canisters were filled with C
20 media and a 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.
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breakthrough levels were measured to above 100 ppb.

Carbon Monoxide Release/Capacity
The Hewlett-Packard GC equipped with a methanizer and FID was calibrated
to measur;, ppb levels of carbon menoxide. 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 sim 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).



medi a was activated under a | sl m95% Ar/5% H2 purge

at 375T for 40 hours. Oxygen Capacity One of the 70K-C
WRd0&09613 fi ers and one of the 70K-D nedi a puPfTiUgzg+4/023491
were tested side by side. The oxygen capacity test
paraneters included: a 6.5 Rpsn oxygen 25 chal | enge,

30 psig test gas pressure, and 3 sl mgas flow through
each test purifier. Each purifier was checked for
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| evel s ahR e RO¥h HEFIG. 1.
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a net hani zer and FID was calibrated to neasure ppb
| evel s of carbon nonoxi de. A standard addition nethod
usi nfolturs Capagitder with 351 ppm CO in nitrogen was

used. Eac A CO rel ease
at room tlgr?%g'%gtb %r%gih}dugg %Q'QS%%%&%EMQEO% C A

heating mantle and a Tenp-O Trot (12R) tenperature

ntroller were heat the test purifiers.
Flgl IG@W’%M%@XIdﬁ%ﬁe&Fe/&@?ﬁé%e test, each purifier was

subj ect edc%;gor E)e QX%SQ h%@raﬁbﬁ%ﬂ% t0 a}b PeistsRowh 91 FiGes,

nmedi a of ter the vacu step, each
purifier M&Naﬂiet@st)naﬂnﬁqa[)lh) bbH2 pﬁ]@COedvaacbdaerwhneﬁcb@md on the

tenpe h%xt'alfllgg dataogrccl:"uns3 gfs 0 and 1 pp% ylelgedcthe 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 |




rate during release test was 3 sImnitrogen at 45 psig
gas pressure. Carbon npnoxide capacity tests were

wehiiRlires fol | owi ng the CO rel ease test. CO cap@fistins/n23491
test paraneters included: 3 sImnitrogen flow at 45

psig and an 800 ppb CO challenge. 25

Resul t s/ Di scussion Table 2 JRows the results of the
02, H2O, and CO capacity test to the 1 ppb

br eakt hrough point. Data are presented with units of
liters contam nant per liter of nmedia (L/L). WO
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yi elt@i@p&rﬁthes_sane result. It was not until 2 ppb CO o
was injected into the GC when a definite increase in

peak area was noted. 15 As seen in the CO breakthrough
cur yes fS FIG 4, there was no |ow ppb level CO
capamfy ¥or elthe material. A summary of the CO

@l ease Fthedymediatiadamokyrel aiaeitBthat 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 ‘tcst 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.



Tabl e 3. CO Rel ease study 20 Room Tenp200 C350 C500 C
C0007ppb C post 4 ppb9 ppbl3 ppb8 ppb vacuum step D003
WEE8E/4IHE3 D post 0000 vacuum step WO 2005/ 009FEI/USEE0-4/023491
PCT/ US2004/ 023. 191 Car bon 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 the

backgr Pun%ngFﬁP&s wagehafcwﬁ@& wiYl1di13%e, Resn HiBfufe at 375 °C for

sensitive e vacuum step seened t
D ma#éhbads. Diie mmﬁmdkm&q@@mmmmmaham eod EI\Eewas
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medi &alibveted, EnBeREEY éﬁ‘ﬁé%ﬁ é;arl:]oH néﬂnloxglp @ﬁ@ﬂ%@g&}t?on[)method
test g nga oGO8 Wi 33@‘;5&%1]:@@ Fn ﬁ‘ﬁ% e &84 tlﬁcl?%@te Sarfer was

above. Hon di oxi SO O t gassed at
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desorb CO after the 500 C vac step. The
stil |stepetilapwé€exerswée% agfindpr ¢ Raelsaeu oSt @Blpereag%§°8n C, 375

gﬂ\;ﬁ]’ef a% :%hqu'OOt Cerbw r@te%ﬂh@r@%e RE! 2 986, hih6adh MBS bég gas
pressure.
A carbon monoxide capacity test was performed following the CO release
test. CO capacity test parameters for the A media included: 3 slm nitrogen flow at 45
psig and an 800 ppb CO challenge. CO capacity test parameters for the E media
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 FIG 3. 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

25

Room Temp 200°C 350°C 500°C
0 0 1450 ppb 2850 ppb
0 0 0 0

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




EXAMPLE 2 Carbon Monoxi de Rel ease From Hydri de Gas
Purifiers Purpose The purpose of the foll ow ng test

wasolseesonpar e the performance of the 20 curr egtr/us2004/023491
hydri de gas purifier technology as taught by Alvarez
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vvere activated with a 1 sim95% Ar/ 5% H2 purge at 375

C for 40 hours. The Hewl ett-Packard GC equi pped with

a_met hani zer and FID was calibrated to neasure ppb
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purifier was tested again for CO rel ease at room
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durimg %aetest was 3 simnitrogen at 45 psig gas
pressure carbon nonoxi de capacity test was

per f@omneaisbobf @Weﬂmdtd%@g@ﬁehﬂv@l&ﬁx@acﬁy&ﬁhon-%&%ﬂﬁcdnﬁ){anthamde
test paranmeters for the A nedia included: 3 sIlm

nit r“("f@jé%? flow at 45 psig and an 800 ppb CO chal |l enge.
CO capacity test paraneters for the E nedia 15
included: 3 sImnitrogen flow at 45 psig and a 10 ppb
CO dhadsenge. Resul t s/ Di scussi on

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
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shown in FIG 3. A lower detection |limt (LDL) of 2
WwohoosOvasas det erm ned based on the cali brati oRCTd&EReN4/023491
GC runs of 0 and | ppb yielded the sanme result. It was

not until 2 ppb CO was 20 injgected into the GC when a
definite increase in peak afga was noted. A summary of

the CO rel ease study is showmn in FIG 5 and Table 4
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was Iﬁ@éﬁ@ﬁr‘et"&aﬁra& -\ AQ@P% adsorbed CO. The A
media initially out-gassed CO The A nedi a did not
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capaghddr R8oikte 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,0 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 936 L/L 11.50 L/L,
385 L/L NA
A 34L/ML 9.6 L/L

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

25 was not properly activated.
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cont'am nant per [iter of
15 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
20 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.
25  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

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



Table 5. Capacity test study 20 Oxygen

capaci tyMi sture capacity E9.36L/L11.50L/L B3.85 L/LNA

VA3 24051009593 6 L/ L The oxygen capacity of the E Redilp290s/023491
greater than that of the A and B nedia. The B nedia

was not tested for noisture jjecause the test purifier

for this test 25 was not properly activated. WO
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step, which is indicative of conpatibility of the
pur i uiecgsewith arsine. Conditioning was shown to be
conpl'®E%after 150 bed vol unes of arsine had passed

through the gmwdsé bEthe fORIvEhMTeSts WRTRY adaliale the perfermumse of E
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t har]artitﬁgntideetpatsgd’ ﬁl@giaf \I;]rgose composition 1s given above.

15  Experimental Method
An Aeronex 70K canister was filled with E media. The filled canister was
activated under 1 slm 95% A1/5% H, purge at 375 °C for 40 hours.
The Hewlett-Packard GC equipped with a methanizer and FID was calibrated
to measure ppb levels of carbon dioxide. 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 €O, 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.
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net hod for renoval of contam nants from a stream of

hydri de gﬁf&z’bm*&é‘ﬁ%}i sing contacting a hydride gas

streamw th a material conprising a

3. The method of claim 1, wherein the lanthanide metal is selected from the

group consisting of La, Ce and Sm.

15 4 The method of claim 1, wherein the material further comprises a highly

electropositive metal or highly electropositive metal oxide.

5. 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.

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

transition metal or oxide thereof.
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met hod of claim1, wherein the material further

conprises a highly electropositive netal or highly
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(Sc), yttrium (Y) and lutetium (Lu), a | anthanide

netal or oxide thereof, or a conbination thereof. 20
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nmet hod of claim®6, wherein the transition netal is
selected fromthe group consisting of manganese,
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zirconium 8. The nmethod of claim 1, wherein the
naterlalzmSU%ﬁ%pﬁgted on a support 5 substrate. 9.

The nethod of claim1, wherein the material has a

surface area of |less than about 100 n¥/g. 10. The
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area of less than about 75 me/g. 10 11. The nethod of
claim1, abbetr’¥im”ghe material has a surface area of

| ess than

12.  The method of claim 1, wherein the material has a surface area of less than

about 20 m*/g.

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

15 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
20 consisting of ammonia, arsine, phosphine, diborane, disilane, germane, silane

and hydrogen.
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gas oxidation products, secondary hydride gas
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met hod of P|n116 wherein one or nore of the

cont ani n3Rt8 are selected fromthe group consisting

.. of water, oxygen and a conbination thereof. 18. The

met hod of claim1, wherein one or nore of the

cont&mi Bt methodofahiat |, wherefptoat ormepoefitisconiningnts Feevolatile
met hod of cLal ml. .wherein one or nore of the
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conposition for the purification of hydride gases,
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20. A composition for the purification of hydride gases, comprising 3-20% by
weight of a lanthanide group oxide, wherein the composition is essentially

free of at least one of copper, iron or nickel.

15 21.  The composition of claim 20, wherein the composition further comprises

manganese oxide.





