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25  purifier unit comprising activated silica. The activated silica may be formed by heating the
silica to a temperature of about 100 °C or more in a dry atmosphere. The systems may still
further include an outlet downstream from the purifier unit to release the purified hydrogen-
containing material from the purifier unit, where the purified hydrogen-containing material

has a reduced concentration of the one or more impurity.
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may t hegompoyngs, (e.g., tinkeae andwalyrgeimensahydridg). met al hydr| de to be
purified 204. As noted above, the silica purifier has been sel ected
to 30 siByeinbiaeaMlethpds educe the rate of deconposition of the netal
hydri de conpared with purifiers having a | ower Si02: Al 203 ratio.
Decgupogngz7pn i) shBWObel&otdd Geriith b b
$6027pN Fi@ ep3ith b ickdd 190 o%paﬁhfg}%g% A-gm’o%%h gsnthlmn%

| ower hydrides and/or non-hydride deconposit
material according to embodiments of the invention. The method 100 may include providing

a purifier material 102 which may be a silica (e.g., a silica gel and/or a more crystalline



5[ 0036] Contact between the silica purifier and the starting netal
hydri de causes inpurities to be renoved fromthe netal hydride 206.

As noted akpyeolifRee I Npurities may include water vaporperfishesangss
hydr ocar bons, etc., anong other types of inpurities. They may al so

i ncl ude hj.gher tal . hydrides fhat have a greater nunber aof tal,
2t oms. ¢ HEicA e THE LY G CPRLTA SPei Foated 106 6P CTBRERly 1 heg rekisifer
hydri de #¥BirifIgs & tiES dhdlicafthX S8 Wa} hvalvBekisihk HedemperRaRaITite dilicadn a dry
ot her gases and/or liquids), or may be mxed prior to _contacting
(e.g., fYBRFRIGI ERs @ugtm%ﬂ@_repmﬁmm%b&l PhMater 9D ddgihedtgal _
Conpone e Bt Azl YEIF08:250.1 0, H42 S60,356/490, 450CI56, B0, 9R8GF °C Bfidolel1 Tt
concentrations and conpositions may depend on the final application
of tHe neanipldtherhieating tEperatire nay ragge Bemmbyuti 1561°CGde above 400 Y3 o8 from
and/ o nghl £48Pe BHGL0ISCILHE RIS R R gl um argon, krypton,
e ny

etc. The reduci ng gases my’ 1 nc ogen and/ or anmoni a

(NH3) , other reducjn ases. Exenplary Systens [0038] Fig.3

shows' a WA i?&f‘_e%tygeﬁ ?‘gé‘%’df eads el @ﬁﬁ:se@fﬁssrre?ﬁe_pafﬁ?sr Hgjne gases, and/or

hydr ogencdughihaions HotheRtgBsdsa ifort Z%Hé“shné?}ﬁn&tﬁﬁ@&g%geﬂ €S,), AAGRbR dalkestntry
stem

enbodi ments of the invention. The sy 00 may include a source

302 of simglude hejivmy aresgelaypiont €¢- nTryeduning gases maainciuge hydiegendHe) aggd/or
! a4 - | e e 3 204
ot 1% orebbuE SN Sy OB SR sy SR ARy AU LB ol o

i ncl ude pwifpomateris] wlenvichmat(ge. hedmedipkéseure amampheat). by heating to an
activation tenperature (e.g., about 100 C or nore, about 150 C or
nore, et@o9]i NTie & hradspREP Refrte shEie SLIHRMIOGR!) Fiowiry. Fd%‘dxuﬂgle,athér y
25 at nosphere. source s . 308 and a tenperature control _unit 310 in

t her mal 238teEutbat Mpkerpitheduy atmespbere faydie; cantiniogsty Agwing thyough thepuifigns

[0039] Eghediieid Sor@bn SYHE %3 A0raRBY of 6 h%ﬁg‘éé&:‘(@%, 2t 965 of 10Ws, 18,
conduits that allow the purifier unit to be sSwtched between an
actilatidn24hegs ednd a purification stage. During the activation
stage, the valves may be adjusted so only gas fromthe dry atnosphere
source 30038 Foéltwmdng theactivadopuf ihk iparifietmhiterialithe fenipsrahee ngy be apishallp
the activati tepperatyre by the tenperature control it 310, After
the dry MPYRAH0E, &F s foeedmyempsraintnes D5y GenePotAs L LIS BPthf

t he purida,erc.)meéferel odkiurihd puticatién @ﬂm@ﬁfhrb@h%gﬁnﬁngi@mg&lr eatRub o]
312 on the purifier unit 304, optionally wth the assistance of

punpi ng 8¢ srEiisr 3am be majnjained; ah the agtivatiop A¢RIpPArAEe oTR RMPeratRbwIMSIPBam
out | ' ' . .
yst o S00Pr ke Bl MR RlaREd, TR s SBRARS bl el
hy dr ogeredisstsetpitlad anghient depapegatine of 118 puBifie0GlemAf When thh ¢enperatiteof the

mat eri al en_act v i f an. actkivation ep i s.necessar t he
oyst em 0SSR WAhE R A i SnaE Il B et VER A AR IR A &
st age, vaoliag oneatihesyatinimbete placal ih thermbbdobiatowiily the agR¢tial @ ¥haitiin g
material fromthe hydrogen-containing material source 302 to flow
into t he®PBFA™%Sr unit 304 and through the purifier material 306.

Opt i onallg, the tenperature control unit 310 may adjust the
t enper at @P&EL]of Therstipated pyriier noriabman be sorgactest witly thelstartngrtividiagani on

stage (e - -ad] . QR re . . iof mterjial to
about 25 ta})r'rlg%f gg%%‘%ln@aslttgg%rﬁ may?%g glgj?eu@{p‘ej}&ﬁgso %Ig{e Iﬁ%t?rirlgii ghese

hydr ogenimparities maynigchee enteaapex it d. ngoisthe) dfloxsies, ganmouhdsesilyd-Eamidanes,
optional |y, b ent. to the applicatign conponent 316 or the purified
nat er i almﬁ{o&;ﬁg@r@cmﬁs, e %ft‘é%P?H%Q‘%fﬁﬁS-cﬁpr&ﬁ‘éﬁ# CONENIAHPT A Mg e
for exangpes indhSpurified hyeRigéd¥ddhinhe vktdiiat Raghe 0%:0by o/ H ke @ompared
15siljcon, | ayer on a substrate, using chem cal vapor deposition. The
pur Ed edw%’ghg,s}aétmgsl‘tygf%ﬁg-contammg material. For example, the water vapor concentration

in a starting trisilane sample (e.g., about 3000-6500 ppb) may be reduced to about 1 ppm or

less, about 500 ppb or less, about 300 ppb or less, about 100 ppb or less, about 50 ppb or less,



unit may include a storage tank or cylinder that nmay be reversibly
decoupled fromthe system 300 so it can be transported to a storage
| ocati on Okyd®SePhacefs use. [0041] System 300 may be conf ipgyhRehobfs4223
allow mul tiple cycles of hydrogen-containing nmaterial purification
and purifier materjal .activation. In_in-situ a%{)I icatjons of system

300, 20 it 18 thepyridied Gisiiaprthat has dloged Hipugh the Pyriies magesiah o Higdppuiiticsmay

period ofisgnldlide @e%ﬂng&iﬂ@&ﬁ}e&ﬁctm%d}&eﬁ%%ﬁidg' Hatb2RLERE Pﬁﬁﬁed. For
purifier material 306 fromthe purifier unit 304.” I n additi onal

enmbodi nesxesgplet whenyhe ifefad hydpidetis 3 pdlyrsiignete. go gildriediaring formulg Bighly, abersins

to the hiler L 6 | e :

r epl aceﬁy_l[ag okgl\?vrégg{ruﬁ'i ?rx i t g%:agﬂ&’gﬁé%'@@%ﬁﬁﬁiﬁ@%{ﬁﬂms ggslélﬁnr?esnt S
wer e 5cortdump delvér®i prpasu(e.g., compsiking) on changes in a specific

hydr ogen-containing material: trisilane (Si3Fi3) after exposing
sanpl es [0032] hewsérbht hp@rog@s cdraiiag hRkksialid faivhdtsl Hyade, MRtiBHhAE maliso
starting trisilane conpositions, already about 99.999% pure, were

passed tiatBdegehss pnd/pilovwienmstel hydsides that have p greater ardivswdlier Biebeanti/ or
di T er enherA0@hd thid %@si]&e‘arﬂ?&él%kl{ﬁéﬁﬂ\é‘iﬂé%{e%ﬁtah s bl B?%&U? bj thsd
sanpl es were neasured using cavity ring wn spec roscop§ S) an
conpar eccombinigonspliging oé thealesiresd metalthydridewurmgfsyatiesinandlestorags. Wight as
N : . . it anal i Lt ios in th
each 40t NRkie < RIRA aRAS Ras thle %ﬁ%r%rnogagi‘@rl@}a%@h@l ete9 1 o HMYC, iaﬁ{iﬂf el P

trisilanée sarrp%@s, I'nc rasi ré“also
madle usithghigha mdaﬁlmaﬁ?@?gph@VeMﬁmﬂ@efM@Hp@mhéﬁ@%m mﬁtei).st e f
Anal yzer & ) ifo eriprental. Set.u 043]. A schematic o
the expeﬁxF‘H'%t sl Hi’f“ﬁf‘) m@ﬁz@ﬁ&ﬁ SHeng tﬁﬁgﬁﬂ[ ﬁy%lélwépglwﬁﬂ? FRRYifighe
5 sanpl afiay ificiEdOMigH ald Boméric fotds SERLMMNLAE pERANMENE heREilARhdpdlsiane
designed to_take sanples of trisilane froma |ecture bottle 402. When
t he tri ¥4 atieiladms lewerypetabiydade wiay have the SymylaMit,es ovhescatig|os mgeen

per figr mpg ,a {45 anal ysis of the sanple) the nitrogen is supplied
by ni trogerzl sourc%@)404. Purified trisilane sanple vapor may be

t di.ng th | e th h. . puri.fi i al
T06a b, TR SR b e T BB Ao AR 8 S8l o R R 2 el o5
bypass trbduchiglitipugtiesTh hedrogéisconing nfateiiabeuilodsahétyle:ofpasitioemeedr8ing f

the inmpurities levels. [0044] After a trisilane sanple either passes
t hr ough 8 FmBEFEH@%‘é of ﬁﬁémﬁéﬁli’l} jsshovat big methods 200 ragsinglydethe sige PE

equi pmentiefety 4 s%?li\éérﬂtutrr]iiﬁ%ﬁmaﬁlﬁﬁwﬁﬁﬁdi thils a HA6 oFBID &159% ual, ytfessugmo B8mina
own

configured to flow'the sanple directing into a cavity ring
spedOr orratiethad oBytbe aperainmamber ariveorproF et axpapleothe SiP2:AhOs may bealrius.

Al t er nat{n4g! t RR0f VESA ben-Gonfi-au t
sanpl e iqupg’ 22'900 a@gg’hr o%@ggfgﬁbh@?g@é)&@@m dé)r@ ’ {@g? ’ @Q@%?OQQ%OOO,
measur e arii8000adraoree anounts of trisilane and other silanes (e.g.,

nonosi | ane, disilane, iso-tetrasilane, ntetrasilane, etc.). The

sanpl e gm herertitesHold faki0 MdyRarydor Mt Rk rypedbt hanalydRBES Fof Bliipke, ifh
t he CRD (;ﬂr] may flow to t_heéyexha_u.st sectjty.gn of the Ymgni folod 41&% 20
[0045] Ithe mpial laxdnida it = rlrvilennlikeisiame; the silighioradmminapaio maynks 2eunkdpObe
"UN ST QG (SEI B £lo0§ B lold) A dFed @ KA e
materi al s aﬁd(t en pass thr 03%62 g‘%}é%s}%% tgr 51*’%@?3’?@%5?’%@@%%@2’
out of tthehighrlitoledondeniratian of alimdingd the piluyfsr snaterial may decompose too much

of the trisilane into lower silanes like mono- and disilane,

[0035] The selected silica purifier may then be put in contact with the starting metal
hydride to be purified 204. As noted above, the silica purifier has been selected to

30  significantly reduce the rate of decomposition of the metal hydride compared with purifiers
having a lower Si02:Al;05 ratio. Decomposition may involve the splitting of the metal

hydride into lower hydrides and/or non-hydride decomposition products. For example, if the



[0046] To prepare for the trisilane noisture measurenents, purified
N2 is used to purge and 25 dry-down the manifold, and the manifold

pressure i SygBadhdiced at approxinmately 1000 tom The pr gggHiSoRfsbbe
ri ng-down cavity was set for 250 ton and 30 C to all ow naxi num N2

fl th h it | ]. .The. i fold and,the CRDS, usyal |y dry
down it SRS SFBA qra St by arle AL PR T hr o BREHEAEE Dt he
tri si | angecompplitongp@icts hay Bichidt Tivak et hﬁdﬂ&@ hinghgla BRmARGIR,L ST,

a

passes through the purifier material, or sses It. The trisilane

sanpl e B % lﬁaqu)hﬁanm%“@@&elwﬁiﬂg@i@w frisilaag (SNiabshtheand

head dir . i s :
2009/ 146%%}'5@%032%%%4%%%’%?? glr(’}iﬁe%a%%%@ Zand distlane (SpHO- 4 e

[ I L.si b I , th J b :
Unen i O3 YE8hct bt R R LB AE AR SN PRlnd B35 udile s Girtg
pass t hrougherhéned Eons thephetal lhgaHdEI60 rAs rpfddaibb iy thebeiniiiri#ibsmay include

anal yzer. The GC response . is calibrated using a 10 ppmdisilane in
hel i um SYEREIAPER S%O%E%Seﬁmff’%h% el pramQsg QUasr SYPeR/At ipRUzfies. TRy mpy also

[0048] Tihelupdhichdr@hetdty8Fidal (Bathadd £ekeMBCAMIRE of AEBEHME Mah Mcesired
silicates wi th anorphous structure (Material A), and crystalline

si | i cat egcteNmidgde-al s B & C). Sone physical characteristics, capacity
and efficiency data for the tested silica gels and crystalline
si | i ldat el903Fle DhostartingmEmbhypdritte g Taistozedipreiinad adtharthes tfhutdsconpdnents

L) Tt B r oL S50 ol B e B
the purifier material. These additional components may include carrier gases and/or reducing
gases, and their concentrations and compositions may depend on the final application of the
metal hydride. The carrier gases may include inert gases and/or noble gases such as nitrogen

15 (Ny), helium, argon, krypton, etc. The reducing gases may include hydrogen (Hj,) and/or

ammonia (NH3), among other reducing gases.

Exemplary Systems

[0038] Fig.3 shows a simplified schematic of a system 300 for purifying hydrogen-
containing materials, such as metal hydrides, according to embodiments of the invention.

20  The system 300 may include a source 302 of starting hydrogen-containing material that
includes one or more impurities. The system 300 may also include a purifier unit 304 that
contains the purifier material 306. The system may further include components to activate
the purifier material by heating to an activation temperature (e.g., about 100 °C or more,
about 150 °C or more, efc.) in a dry atmosphere. These components may include a dry

25  atmosphere source gas 308 and a temperature control unit 310 in thermal contact with the

purifier material 306 and purifier unit 304.

[0039] Embodiments of system 300 may include valves and gas flow conduits that allow
the purifier unit to be switched between an activation stage and a purification stage. During
the activation stage, the valves may be adjusted so only gas from the dry atmosphere source
30 308 flows into the purifier unit, which is being heated to the activation temperature by the
temperature control unit 310. After the dry atmosphere gas picks up moisture and other

impurities from the purifier material, it may be pumped through a downstream outlet 312 on
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the purifier unit 304, optionally with the assistance of pumping system 314. Valves in fluid
communication with the downstream outlet 312 may be adjusted to direct the dry atmosphere
out of the system 300 instead of to the application component 316 or purified hydrogen

material storage unit 318.

[0040] After the purifier material has been activated (if an activation step is necessary) the
system 300 may be configured for a purification stage. During this stage, valves may be
adjusted to allow starting hydrogen-containing material from the hydrogen-containing
material source 302 to flow into the purifier unit 304 and through the purifier material 306.
Optionally, the temperature control unit 310 may adjust the temperature of the purifier
material 306 during the purification stage (e.g., adjusting the temperature of the purifier
material to about 25 °C or less). Valves may be adjusted so that purified hydrogen-
containing material exiting the downstream outlet 312 can optionally be sent to the
application component 316 or the purified material storage unit 318. The application
component 316 may include, for example, a silicon epitaxial growth chamber for forming a
silicon layer on a substrate using chemical vapor deposition. The purified material storage
unit may include a storage tank or cylinder that may be reversibly decoupled from the system

300 so it can be transported to a storage location or point of use.

[0041] System 300 may be configured to allow multiple cycles of hydrogen-containing
material purification and purifier material activation. In in-situ applications of system 300,
this can allow the purifier material to be recharged after a period of purification without
having to physically replace the purifier material 306 from the purifier unit 304. In additional
embodiments, the purifier unit 304 may be configured to allow access to the purifier material

306 so that it can be supplemented or replaced by new purifier material.

EXPERIMENTAL

[0042] Experiments were conducted to measure composition changes in a specific
hydrogen-containing material: trisilane (SisHs) after exposing samples of the starting gas to
various purification materials. The starting trisilane compositions, already about 99.999%
pure, were passed through purifier materials with different compositions and/or different
activation temperatures. Moisture levels in the purified samples were measured using cavity
ring down spectroscopy (CRDS) and compared to the moisture levels in the unpurified

samples, as well as each other. Comparisons in the levels of additional impurities in the



2.79 5 H20 efficiency in N2 (1120 Sensor) <10ppb <10ppb [0049]
The Material B was already in an activated state fromthe

manuf act ur g4q 20hB84at erial C was activated at 400 C or Z41RRU080kM3L
slpm N2 prior to the experinents on a separate nanifold at a

different, | ocation. The _activation treatnent of the Material A

i ncl udesTigipng FERPIET Ingdydingiprgy. dir anddetasiianss. srre Henpadedisinedss 150 C
and 400 &gﬂtogrg?ﬁyyﬁagsgpgm%gmwc_Mj_st ure capacity and efficiency
of the silica natérials were neasured using noi sture sensors on a

separ at eMg%E]iréRDQYZe%aH%%ggfogglﬁgleé1}% +%?§§LDAS expected, not all

siliconTonmtarmny nmaterrars or-trisilane purification.
20 OF t rifier materjials tested, the Materjal A activated, at ,400
C for 24Ol s‘LiSﬁlef}a&Fa FXRBIg a?%fwwséﬁ mpariky leyeleigdrisioe
DI St3Ur Sarpfbs iLdhbasiih aipe4] ?H@&&lpinﬂti@sﬁo‘i\‘s%%E@ﬁﬁni‘f’cﬂﬂ’@ési@ieﬁ@@ﬁke S¥ples of
Material A, the thermal activation above 150 C enhanced noi sture

renoval tsiane Senrelecuecknitodd | Wherthe trisdlane sagiples sz miged méthmisrogsn €l ng
removal . RF e eire
P soass W bfloR vARh b binfhe 4 BRIMS by e il S HET B nicRiEEh KB by

conver t siivegeotsowee 404. dhwified Siisilaky sappieipapoomay he generdtetlsy swhdinp ¢he sample
materials into | ess reackive Si- | . grpuUpS.. 05 Fig. 5 ows a
oot or Eiruehas EEkE0E i Ruehel S0t by ThY Prirad i o BB o)
as aof ungbiifieddanipies biybise thejurificAihierals 406u-b CIFREMPAri & md3Greidhtd DE thef
Si-OH 5 was ,obsle\r?;(ed to decrease significantly when the activation
t enper at'BPEIPSS 1€W]S-f  om about 200 C to about 400 C. It is believed

that the Si-OH groups readily react with the trisilane to form Siay
deconpodP¥44dn Apresduitisitang semply diteryeassgadirouphgs bynaysed therpauisienigatetial, it

density @f ] L R mal
act va (o S Sl PR T h SR b e ARG UG Ve

i ncr easesnfipgedic fhsv theaninpleldiveéting iotpt cavitn gngrdowi speetrometbidd8tto nshduan e
10v31%0r ‘the moisture content in the sample. Alternatively, the manifold valves may be configured to

flow the sample into a gas chromatogram-mass spectrometer (not shown) to measure the
relative amounts of trisilane and other silanes (e.g., monosilane, disilane, iso-tetrasilane, n-
tetrasilane, efc.). The sample may then return from the GC-MS for additional measurements

in the CRDS, or may flow to the exhaust section of the manifold 410.

20 [0045] In the exhaust section 410 of the manifold, the samples may be run through a series
of cold traps 412 to capture condensable waste materials and then pass through a scrubber

414 before being vented out of the manifold.

Moisture and GC Analysis

[0046] To prepare for the trisilane moisture measurements, purified N; is used to purge and

25  dry-down the manifold, and the manifold pressure is maintained at approximately 1000 torr.
The pressure of the ring-down cavity was set for 250 torr and 30 °C to allow maximum N;
flow through the cavity cell. The manifold and the CRDS usually dry down within one or
two days.

[0047] During the measurements, the trisilane sample vapor travels through the manifold
30  and either passes through the purifier material, or bypasses it. The trisilane sample may also
pass through the GC or bypass this instrument and head directly to the moisture analyzer.

10



[ 0052] Another reactive species present in many trisilane purifier
materials is alumnum (Al'), usually occurring in oxidized form as
al um na (AZ@3dno/1flskgm num i s very reactive with silane ‘?,g,g %g_ﬁi
can qui ckly deconpose higher silanes like trisilane. Al um na ‘&

has been ﬁhown to decor%gfe Silanes and al kyl silanes. Thus, the
trisil an@FUPFATEReRtS AT 8 e oirealEe, thg txisilangisamnle,vapRppasses to

rel ati verhagaibies, WhehiGC Sihlyse 478 hish BerddrtiEi e frﬁhl&%nﬁale\% or &H%ass
Si02: Al 203 ratio) in the purification material. Mterial B\ha a high
5i 02: Al 2hugh thy %ﬁwabls&wplbz@ueentma the mwistyre analmeg, The KiGiresponse is
subst ant I8 Material B had a ratio of
about 10éa§)i<'k¥r%¢d]j r| al%@%&glﬁgﬁﬁ%ﬁ out 800-1000. Results of

t he l\gbl sbure Chal )533] As noted above, the capacities
of the ex&mh ool ST - ere nmeasured using a 900 ppm 1120
chal | enge i N 1 sI pm N2 usi n]g rml sture generator. The Naterial A

act i vat 048] 4B menficrmatrEials dentashineludsd dhiey materiplsysilicatqsppthysmorphqusr  of

puri fi ergipiues dddieddi/Ah) and B a C had a
better csapam t(MAa% 9. I:?)lanLPEﬁéa?Id tﬁﬁeﬁf\}cglt@edr%leg S%C%(é tg‘éfglg%h sl:hf%g; of
about 5. @aLapterlstmsecapaq;’afcandyffbﬁemﬁetaufm th@tepiad silica gaetnel aystabine @hcates

[ 0054] Qgé%ﬁﬁ{”ra%'x A B &C had a noisture efficiency of 10 ppb or

| ower as mrarl zed i'n Table 1 supra. Experinmental Results 1.
Mat ey al ter £on entratlon in the neat/pure
trisid ank SIS Dolg Sor Selecte@Siigasar j gl was about 6500

ppb Whermthe—trisirtgne bd%%ﬂsrﬁ_lﬁvaa st cauMhtbrﬁyfd th thg“ pla{r lé I
L0000 la +.

2009/ 1400840 Mprepd VBt ERRT af] A actT ygt ed at @#00—€— e water
vapor i [gaduird Y Concentr ati AorfhoePPed [fTOM 89l PD {0 ab0UE$RiPP0 1)
t he pur [dutteeAtes nSic] ane streasmp an ovgr 100-1o0l d redudiion. Higg. ©
shows t [reretsizefd] pl ot gpectra Wb wat er [vapor caencentratfion overs a cycl e
of unpufiHfied trisildne and péirified]|trisilanke passing through the
act i vat e¥O:MHOpmpohratio | 52 NA308#j al B |[ 0056] A9 not ed [above 800I§eD wat er
concent Cé‘ﬁ"‘iyh‘“t%e neat¥purle t¥¥sillane was approxi mately 6300 ppb
when by é H’ij’“’the purlfier naterial When the trisiliane was then

fl owed f p Vateriat—-8 | the—wat-er CU|L,C||L|0|.

dr opped (HQ)@!&L@Q 60 ppb, over nﬁorcer of magni tude decreaseIJ n t he
wat er vapor concentration. 103 Matertalr C [0057]Using a source of
trisilane from Mat heson Tr-Gas, the water vapor concentration in the
unpur i fil8e4% eaTheé‘dEtpU@ &afﬁ?paleeadmm @m@tma@edmate ifsorr5the nppbfactasern®as ur ed

in a sa hy | er n the.trisilane
t hen flg'\%\i}‘étgn{lhr oug “9?@3 %ﬁ%@r ?a ¢ Fﬁé &g{pg}ﬁ%/gb% rfég‘?ﬂr??i'ﬁ Yhe
act ual | separate amsﬁ‘dldtamadtfﬁarm lovatiel. yl“lﬁ%ﬁva:tibh tredfmet oM Mapeial Nemilales
Res 0058] Neat trisi.l ane t hat ur fler materlal was
el 7 o dEEPAL PV e a5 FISEREL R Sl 655 AGH S et R i Gy

i ndi cat Qdoi%ﬂﬂ%cabﬁtﬂty' A0 @EfdierR§ K e RBRK n@er%&vér@ﬁleﬁﬁ!réi Llsﬂi%‘%n iStReensors
inpurities were identified by retention tinme and nol ecul ar wei ght.
Peaks 1,on3 separatgmanifolds t he chr omat ogr am correspond to nonosil ane,

di silane, iso-tetrasilane, and n- 20 tetrasilane, respectively. Peaks
2 and 4 ExperimentabResaks Based on cal i brations usi ng a 10 ppmdisil ane
in He standard, the trisilane contained about 27.5 ppm of nonosil ane

and 191 [pg5®) OfAsﬂd@bdtéd} ot AINGli€ANGRAINIRE nBRHal9 ivctdi8ea 'féer’iﬁHﬁ@ purification.
i so-tetr | ane, and n-tetrasilane were estimated to be 2 2.7, and

5. 1 28pmQUdheprritiss marislsdpsted, HedMatarial} agtivaied gt 405 for 2%9111‘[5 i bslpmed
sanpl es Ng%ﬁéa)‘&ﬂn&ﬁ reﬁ‘e@t%'a‘( Fe%%ﬁlg rfoflb L fF éaaﬁé/ Rlelfin 4 ﬁﬂﬂ%ﬂet\,asér

Anot her trisilane source from 25 Mat heson howed
i npur i t pireayeFer Melatig .ty tetad] petivation abdye 166 &C ealsmktd mblstum rermalval and

deco ”pog&g{c/;gd&df%}‘ﬁl’b?%e of tﬁgmsﬂar?e HRLdR e%uﬁgh% veRuEd % partlcuhar theory

nmeasure r-silane source us
of how the thermal activation process works, it is belicved heating these materials above 150
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Table 2: Inpurity Levels in Trisilane Cal cul ated Based on Response
Factor of 10 ppm D sil ane Standard Conpound 1' 70 Assay Conc (ppm
Si nt 0. 098 w@d 2fn0/1 Y¥u2009/ 140645PCT/ US2009/ 044223 Si 2H6 GocG@fk2didbaqzzs
Si 2H60 0.009 2.5 Si 3H3 99.182 i-Si4H10 0.01

°C converts reactive silanol (Si-OH) groups on the surface of the materials info less reactive

Si-O-Si groups.

[0051] Fig. 5 shows a plot of the decreasing surface density of Si-OH groups (in
atoms/nm?) as a fimction of the Material A activation temperature. The amount of Si-OH

5  was observed to decrease significantly when the activation temperature is set from about 200
°C to about 400 °C. It is believed that the Si-OH groups readily react with the trisilane to
form Si Hy decomposition products and hydrogen gas. Thus, by decreasing the density of the
Si-OH groups on the purifier surface through thermal activation reduces the decomposition of
the trisilane as well as increases the sites available for capturing moisture in the trisilane

10 vapor.

[0052] Another reactive species present in many trisilane purifier materials is aluminum
(Al), usually occurring in oxidized form as alumina (AlOs3). Aluminum is very reactive with
silane compounds and can quickly decompose higher silanes like trisilane. Alumina (Al,O3)
has been shown to decompose silanes and alkyl silanes. Thus, the trisilane purification

15  results were also compared with the relative amounts of silica (Si05) to alumina (Al,Os) (i.e.,
the 8i0,:Al,05 ratio) in the purification material. Material A had a high SiO;:Al;Os ratio of
about 12000, while Material B & C had substantially lower Si0,:Al,O5 ratios: The Material
B had a ratio of about 10, and Material C had a ratio of about 800-1000.

Results of the Moisture Challenge Tests

20 [0053] Asnoted above, the capacities of the examined purifier materials were measured
using a 900 ppm H,O challenge in 1 slpm N; using a moisture generator. The Material A
activated at 400 °C had the lowest capacity at 2.79 L H,O per liter of purifier material (L/L).
The same Material A activated at 150 °C had a better capacity at 9.11 L/L and the Material C
had a capacity of about 5.0 L/L. The capacity of Material B was not determined.

25 [0054] The Material A, B, & C had a moisture efficiency of 10 ppb or lower as summarized

in Table 1 supra.

Experimental Results

1. Material A

[0055] The water concentration in the neat/pure trisilane vapor that bypassed the purifier

30  material was about 6500 ppb. When the trisilane sample was instead flowed through the

12



2.7 n-Sialito 0.018 5.1 1. Material A [0059] GC-Ms inpurity anal yses
were done on trisilane sanples that passed through Material A

activated ayo4f9ibeshPr 24 hours in 1 slpmN2. The GC- M5 g@hialssiefsBhs
the 5 trisilane sanples passed through the activated Material A

showed that .subpstanti.all | the iso-tetrasilane and n-tetyasilane
oo b ateriaiih g iad 1o & me Poigt MppearmD sogneoeAeh dioesed For Aa
concent rgghite Bbadt 35PPR & the perifisOmisiie Yireaks aﬁl@%ﬂl@oafma%d&eaoﬂﬁmg. 68dwan

increase_in disilane fromabout 251 ppmto about 666 ppm_ These
i ncr easébe fimepinispeciral Walst vanns corseaiaioniosdiercyels denpuifirddrisiinpand by

t he dec%@?ﬁh%éﬂ@n@f)asﬁh&ﬁ?&u%{t!l@ogﬁﬁ/a&h'ﬂffdtéfgh trisilane) that 10 may

have co to contact groups on the silica gel. Fig. 8 is

a graph show a&ehre oncentration changes in various inmpurities for
trisi’lane sar%j]&év—{%ét bypassed or passed through a Material A

purifier_ thermall ctivated at 400 C. [Q060] A conparative test was
al so peer?ﬁﬁgxf Bgtﬁga@lﬁet.L? W@teéf:?@&'ﬂtriﬁipné!bih??ﬁ%tfp&? Tigiane ¥ ur e on t he
I mpur | tYaﬂpﬁﬁkﬁhitlelfy(gsgb/B B ivhét bﬁaas%% he thliﬁe%n%éﬂa{a%gnﬁ{etgi%%n%ﬂheg4

15 hours'in 1 pm of “N2 gener at | a [

er concentrations

nmonosi | deveddpiousk heddleryal Bopoifiepihe watdr efingértzation droppedoiviabrents0) ppb,

12, 000 p&r% i i i QEE . fenperature.
However, t %&'{;@\% ‘%fie}ﬁa era?%&re?eg%i?l\%@e(’%gfgapgﬁog* f’i?é'o removed the
tetrasil anes 3b§: gw.ége | evel of detection. The conparison of the 150
C and 400 C t e activated Material A support the theory that

more of the Si-OH groups are 20 converted to Si-O Si upon heating at
hi gher tI88%8r dYsipga somee ofdvigilang dieg MathesonGiri-Ops, dlresuger wapor@meedtration in

Cts i _ v . _

i oi | ane e yhRTeThod duks (i) 0 08 Ak ERR HTER, SRt P mple bt

gener at ey Hasserhthe pwificamateriak n'When the dristhapothed flowed theoughiter Materil. C,Thd s
terial d the trisi t i gni fi t t f 25

monosi | aYESAEBr T AAary St AR S A AR B el y 500 ppm

as | 51 §)vertin he trisilane to iso-tetrasilane (approxi mately
200 pmmw X IS appr oxi mately 700 ppm), and hi gher

nmol ecul ar weight inpurities (approximtely 400 ppnm). Material B had
t he hi ghHB838]c oNess trisiland baibyphssad theipntifretonatetidl wah engyredfbydhe GEtand el s

t est ed. ent LS oSLtion _gn opversion to
hi gher Sr}-%?ﬂat?]n&éhg(ﬁgﬁé 1?21 SP ﬁ‘gém ?Igié% J]?rﬁlgcta%aﬁﬁ)ap é@/é‘lggsqlp Siﬂ%&’f:%k ﬁo‘ﬁ% eg
react i vdrisildnan®tisp dopetiet pessidaitifieSiby t1&entivndings andiridegular Mrggie, Peaks 1,
reactiv il . i, pong and radicals significantly. gccelerate,the
decompos Bi B HAIE IRVEROERT GrerRand e macsigne Hisdpnc, ipigtARians, and o

i nclaedi netrddilgheetespickiosios PLAKS® dnd a-deilokahdsARBsedtmicAlibaGbiksaRfg aA0Gpm
pentasilane (Si51-112). The ratio of iso-tetrasilane to n-tetrasilane

obser vedifiling Hetestandsrh thegrisihanesontamed abawt 846 pRE af menositang end 0] ppmef

sel ecti Vfisilane. The concentrations of the siloxanes, iso-tetrasilane, and n-tetrasilane were estimated

to be 2.5, 2.7, and 5.1 ppm using the same disilane calibration standard. All trisilane samples
received were analyzed to confirm the level of impurities. Another trisilane source from

25  Matheson Tri-Gas showed higher impurity levels, which were believed to be the result of
natural decomposition over time. Table 2 summarizes the impurity levels measured by GC in

the trisilane source used.

Table 2: Impurity Levels in Trisilane Calculated Based on Response Factor of 10 ppm
Disilane Standard

Compound % Assay Conc (ppm)
SiHy 0.098 27.5
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3. Material C [0062] The Material C purifier renoved about 95% of the
tetrasil anes, but generated significant anounts of nonosil ane
(appr oxi matkgh YoosakhePM and disilane (approxi mately 140@&@90%@223
wel | as some higher nol ecul ar weight inpurities (approximtely 400
. 10 Purifier Conditioning_Tests [0063}—During-the-cpnditioning

Fgg , it took appr OXi el y ?RS_JﬁHﬁuf p'L: frr] npm‘o-é% silank to 191
condition a Material Alpurifi &Hebtivated at 4002 The temperddure
of the silica gel puriflier rendisded at rdomteBBdBature For the
duration of the conditiloning i-8&Hi¢c By conpari si 88] anot her 2.7
conditioning test was perfor ne®idbly, exposijng nedl0i& i sil ape to &N
Material C purifier 15 for nore than half an hour. During this tineg,
the Material C purifier continuously chem cally absorbed trisilane
and the CRDS—FE&Q—@L@W that no trisilane vapor flowed through the
purifier. Meanwhile, the tenperature of the purifier increased from
room t enf@83Ht UFE-N8 proredty avalpdey wes: done oo tridilont sanple. tharipessed thpeurght gr e
I ncr eas C -Cr S | sil ane., an
my o) s RBHEE hRal R a0d e MEDRHLRS L sBalti o QNS e i
puri fi ertridilenrasreplespassdigihrough tiei aotvataidardal Axipevddrratsabstmtinigasgll/the

0064] Tab 3, belo rizes the performance . results.for .three .
bur 11 erSETBRIaRF B L oS ALy b PASRLSo Rt eda it erepsegi

Puri fi cahé eshcliardtioh BRARAciRhe F6EtaBEutNBLRH Blabout 1YHbEY, 3 arﬁilnﬁﬁéﬁé%rm al B

Mat erial C Tenperature of Activatiaon 150C 400C 400C 400C .
Concent rdisilagg from about 251 ppm to about 666 ppm. These increased in mono- and disilane were

believed to be caused in part by the decomposition of higher silanes (including trisilane) that
10 may have come into contact with Si-OH groups on the silica gel. Fig. 8 is a graph showing
the concentration changes in various impurities for trisilane samples that bypassed or passed

through a Material A purifier thermally activated at 400 °C.

[0060] A comparative test was also performed to measure the effect of activation
temperature on the impurity levels for Material A. Material A activated at 150 °C for 24

15  hoursin 1 slpm of N; generated larger concentrations of monosilane (approximately 4500
ppm) and disilane (approximately 12,000 ppm) than the Material A activated at higher
temperature. However, the low temperature activated Material A also removed the
tetrasilanes below the level of detection. The comparison of the 150 °C and 400 °C
temperature activated Material A support the theory that more of the Si-OH groups are

20  converted to Si-O-Si upon heating at higher temperature. The lower density of Si-OH groups

at 400 °C results in less of the trisilane being converted to mono- and disilane.
2. Material B

[0061] Significant amounts of impurities were generated form trisilane when it was
exposed to the Material B, This material decomposed the trisilane to significant amounts of
25  monosilane (approximately 100 ppm), disilane (approximately 500 ppm), as well as
converting the frisilane to iso-tetrasilane (approximately 200 ppm) and n-tetrasilane
(approximately 700 ppm), and higher molecular weight impurities (approximately 400 ppm).
Material B had the highest concentrations of aluminum of all the purifier materials tested.

Thus, the extent of trisilane decomposition and conversion to higher silanes supports the idea
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-70 ppm -70 ppm 10% 1000 ppm Nunber of Si-OH (atomnnR) 6.2 2.7 N A
N A Capacity Data in N2 Good Good NV A Good WO

2009/ 14064356 T460994099/ 044223 Efficiency Data in Trisil angfRa9%09/04.
Ef ficiency 600 ppb through purifier, 6500 ppb through by- pggg.og'&%é}

Ef ficiency o . ]
that Al plays a role in forming reactive silane species (possibly SiHj™ and/or SiHse). These

reactive silane ions and radicals significantly accelerate the decomposition and conversion of
trisilane to other compounds, including higher silanes like iso-tetrasilane, n-tetrasilane, and
pentasilane (SisHjs). The ratio of iso-tetrasilane to n-tetrasilane observed in the

5  chromatogram is 1:2, indicating this reaction is not selective.
3. Material C

[0062] The Material C purifier removed about 95% of the tetrasilanes, but generated
significant amounts of monosilane (approximately 150 ppm) and disilane (approximately

1400 ppm), as well as some higher molecular weight impurities (approximately 400 ppm).

10  Purifier Conditioning Tests

[0063] During the conditioning test, it took approximately 25 minutes for neat trisilane to
condition a Material A purifier activated at 400 °C. The temperature of the silica gel purifier
remained at room temperature for the duration of the conditioning test. By comparision,
another conditioning test was performed by exposing neat trisilane to an Material C purifier
15  for more than half an hour. During this time, the Material C purifier continuously chemically
absorbed trisilane and the CRDS indicated that no trisilane vapor flowed through the purifier.
Meanwhile, the temperature of the purifier increased from room temperature (approximately
25 °C) to about 40 °C. The temperature increase indicates that the Material C is absorbing
trisilane, and may also explain why more water vapor appears to be emitted from this purifier

20  material than is being removed.

Experimental Summary

[0064] Table 3 below summarizes the performance results for three purifier materials

analyze in these experiments.

Table 3: Suﬁuna_rx of Purification Performance for Tested Materials

Material A Material B Material C
Temperature of 150°C 400°C 400°C 400°C
Activation
Al Concentration ~70 ppm ~70 ppm 10% 1000 ppm
Number of Si-OH 6.2 2.7 N/A N/A
(atom/nm?)
Capacity Data in Good Good N/A Good
N;
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t etrasi
-400 pp
si | ane,

i mpurit

35 ppb through purifier, 6500 ppb through by-pass. Poor Efficiency
300 ppb through purifier, 6500 ppb through by-pass. Bad, Emts 1120,
2000 ppb t Ry@yuehdiigigd fier, 800 ppb through by-pass. Decmﬂf?s'zﬁobia!ikzzs
Generate -4500 ppmsilane & -12,000 ppmdisilane. Renove 80- 90
&-35% of hlnh VY |mm|rif| tn5f\pm ||ane&
SR R RY ng B o ¢ %ﬂféegv GEfRFate - 100 ppm
Trs0@eppm di < ﬂ{}ﬁnl{ tﬁuﬁ .| an opﬁ{,OO pagm hi gh MWV
i es, Cenerat Ewsk@%lppm S zu%{}@ %G&ppppm dl %Ju@lﬂﬁnﬁe& -400 ppm
high MYinpurities. |Resmie - 90Ppuiifierf et | @Sighanes. | 800 ppb through
by-pass. 6500 ppb by-pass. by-pass.
through
by-pass.
Decomposition Generate ~4500 | Generate 5 | Generate ~100 | Generate ~150
ppm silane & ppm silane | ppm silane, ppm silane,
~12,000 ppm & ~400 ~500 ppm ~1400 ppm
disilane, ppin disilane, ~300 disilane, &
Remove 80- disilane. ppm ~400 ppm high
90% Remove tetrasilanes, & MW impurities.
tetrasilanes, & 100% of ~400 ppm high | Remove ~90%
35% of high tetrasilanes. | MW impurities. | of tetrasilanes.
MW impurities.
Effect of At 150°C, At 400°C, N/A N/A
Activation Temp silane & silane &
on decompaosition disilane disilane
impurities is impurity is
many times very low in
compared to at | conc. at
400°C. 150°C.
Effect of Al N/A At ~70 ppm At 10% Al At 1000 ppm Al
concentration on Al cone., . conc., ~1300 conc., ~400
decomposition tefrasilanes ppm of ppm of
& higher tetrasilanes & | tetrasilanes &
MW higher MW higher MW
impurities impurities were | impurities were
were not observed. observed.
observed.
Chemisorption/ No — material No - N/A Yes, absorbs
Temperature of conditioned material trisilane., Temp
the purifier on rapidly conditioned increased to
exposure to rapidly ~40°C,
Trisilane
[0065] The Material A purifier activated at 400 °C showed the best performance of all the

10

trisilane purifier materials tested, but many of the other purifier materials are also suitable for

reducing moisture and other impurities in trisilane to levels that are acceptable for many

modern electronic and semiconductor fabrication applications. For example, silica gels

activated at lower temperatures (e.g., 150 °C) and the Material B purifier may be used in

applications were moisture reduction is more important than increased levels of lower silanes

(e.g., monosilane and disilane).

[0066]

All the purifier materials tested decomposed trisilane to some degree. Those that

were more concentrated in aluminum (as reflected by a lower Si0;:Al;O; ratio) tended to

decompose the trisilane to a greater extent. Those with higher SiO,:Al;0; ratios were more

inert to trisilane. As noted above, the selection of a trisilane purifier material may depend on

16



Ef fect of Activation Tenp on deconposition At 150C, silane & disilane
Inmpurities is many tinmes conpared to at 400C. At 400C, silane &

di silane i Rpybdgb)adsss very low in conc. at 150C. N A N AehhRefoofiiH
concentration on deconposition VA At -70 ppm Al conc., tetrasil anes

& higher MNinpurities were not observed. At 10% Al conc., -1300 ppm
of t et r albk niimate @dyisg REthe Mvlang apd theestepkipavhithsairadegtt cap ba meds hspween

conc., -r5Q% BRI Of mbistuk&Rld iR9ERef1bE R oM\t ARY T | L1 es were observed.

[0067] Having described several embodiments, it will be recognized by those of skill in the
art that various modifications, alternative constructions, and equivalents may be used without
5  departing from the spirit of the invention. Additionally, a number of well-known processes
and elements have not been described in order to avoid unnecessarily obscuring the present
invention. Accordingly, the above description should not be taken as limiting the scope of

the invention.

[0068] Where a range of values is provided, it is understood that each intervening value, to

10 the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed. The upper and lower limits of these
smaller ranges may independently be included or excluded in the range, and each range

15  where either, neither or both limits are included in the smaller ranges is also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges excluding either or both of those

included limits are also included.

[0069] As used herein and in the appended claims, the singular forms "a", "an", and "the"
20  include plural referents unless the context clearly dictates otherwise. Thus, for example,

reference to "a process" includes a plurality of such processes and reference to "the purifier"

includes reference to one or more purifiers and equivalents thereof known to those skilled in

the art, and so forth.

nong

include,

nng

[0070] Also, the words "comprise," "comprising, including," and "includes"

25  when used in this specification and in the following claims are intended to specify the
presence of stated features, integers, components, or steps, but they do not preclude the
presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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Chem sorption/ Tenperature of the purifier on exposure to Trisilane
No - material conditioned rapidly No - material conditioned rapidly
N A Yes, absorbs trisilane. Tenp increased to -40C. [0065] The
Material A purifier activated at 400 C showed t he best performance of
all the trisilane purifier materials tested, but many of the other
purifier materials are also suitable for reducing noisture and ot her
inpurities in trisilane to levels that are acceptable for nmany 5
nodem el ectroni ¢ and sem conductor fabrication applications. For
exanpl e, silWhat gelsmadts; vat ed at | ower tenperatures (e.g., 150 O
and the Mater ixhefolWr ilhﬁﬁn H§%9nl’1 u hiefidf,i ONs were i sture
reduction fhﬁu 'icﬁidoﬁgﬂf Hllig 1 of lower silaries
(e.g., nonQ ne an § % Es%&“fler materi al s
tested dect ‘Ef’s"é?:}“tuhé lpgﬁg t "Phat 10 were nore
concentr at &l@alichlhmlLﬁﬂOndiﬁall(lwslhﬁeﬂluedﬂé@nwﬂﬁlm alabousi 02: Al 203 rati o)
tended to H¥Pdhmosere irea dry ainosplerd v farmnedtaed @hitent . Those with

hi gher Si 0Zimfdctig thaddRaedsilfanPitiea sRgiig I&)Qir&ffduséduane As not ed
above, thenaﬁﬁhﬁgwmqh@ﬁﬁfméh&mm%é b g dafgpial my depend on
ing

e st gl U Snor g%l”ﬂli]\?k}lé} H0 RS o o ey e

Ifoure and i ncreased

| evel s of PRVEMNANINGnBRICT) 67 fOrp it PUgibis Lé’everal enbodi nent s,
it will becanstiniggimmeridyaxhebaeiofhedtivateilnilichdoaot t hat vari ous

nodi fi cat i dewsmpabé eherat i ve doasdgenaionising anstedglubyal ents may be used
w thout 5 ﬂg&atqlhh ngsbgomthe spirit of the invention. Additionally, a
nunber of well-known processes and el ements have not been descri bed
in order to b\l'dmdm\lhmguleréa;larl Iwharbisabe sitiga sheatedesent i nventi on.

Accor di ng'ﬁtmpbhﬂm@*@@ﬁ@mﬂeﬁg? CPbi BoreSiurd adsphereigken as limting

the scope f?)?m lﬂt. lélﬁ &Jat [ 0068] Where a range of values is
provi ded, | ﬁ? cf t hat, each |E&rven| ng{ value, to 10 the
tenth of the th"(SlFO Plé}?/\é-r"’W?rﬁiﬂt‘hﬁ yeogen-fRIBdNt ext clearly

di ct at es oingenatedal copyrizesona emoppperougrldl. Nevery kEleri t s of that range
is al so spgentki cally di scl osed. Each smal |l er range between any stated

val ue or 'ntfrlﬁngﬁnq’ﬁi*(ﬁ%n 8 %L%Eﬁltlﬁgllymgm-%ﬁﬂd%ny other stated or

i ntervenin sed. The upper and

0
| ower |ini ’3% "ﬂff‘”t‘ﬂégﬁlpéﬁ‘aﬁ PRy o1y ’BWQe'é‘%ﬁﬁV' ?de nﬁdght ly be included or
excl uded i grotipeoRsigitig, olémmmaanbonamgegmsqmnememhher nei t her or

bot h I'i m tsnapEodphetoudathllivm tdeemanighl, afsefirMi@@Rn 3ingd! SO enconpassed
W t hin thenhﬂYcﬁPtﬂ uln?“l £5hd bRofRY speci ficall'y excluded linmit in
the stated 3 ere e
& melhod of clatm 3, wherein the hydrogen-contain-
ing mau.ml comprises two or more different Group 11, IV, or
V clements.
6. The method of claim 1. wherein the hydrogen-contain-
ing material comprises one or more silicon hydrides,
7. The method of claim 6. wherein the silicon hydride
comprises a polysilicon hydride with a formula SiH,
wherein x=2 or more; and y=2x+2. '
8. The method of claim 6. wherein the silicon hydride
comprises disilane, trisilane. tetrasilane. or pentasilane.
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stated range includes one or both of the linmts, ranges excl uding
either or both of those included limts are also included. [0069] As
used herein and in the appended clains, the singular forns "a", "an",
and "the" 20include plural referents unless the context clearly
di ctates ot herwi se. Thus, for exanple, reference to "a process"
includes a plurality of such processes and reference to "the
purifier"” includes reference to one or nore purlflers and equival ents
t her eof know?. tihet mothed sifi ¢lhis 8 nn:tmn ahe plllannl E’dflﬂ@rt h. [0070] Al so,
the wor ds (m@qﬁhb§amnan@onpr|5|ng, "include,”™ "including," and

"incl udes” 255wheniaed of Bial ﬁuswﬁaeﬁhheaﬁtcmgfﬁ@gw the fol | owing

cl ai s arelnten d] e ated features,

i ntegers, d6MBER H{:gro%éipcgﬁé é b\ﬁ’tﬁ’f’ éﬁﬂﬁ? 'not preclude the presence
or addition df. Blwn@ﬂwér@felaunﬂevvlwrémtb'ﬁebca ishealgdtasa conponents,
steps, act Semperagirovpaboul\@0e Ci 6r mbai.med i s: 1 -A nmethod of

Bt ELLVBP gp?og?m‘%@“ﬁ%‘?*a“}"lg“ﬂa’??‘r‘gék"“‘é e O PP and havi ng a
S 0 Al 203 'FEPETE "Bg%‘%‘léé’pﬁr ¢t Fosgbosboden

ting the silica at
tenperat ure_df. Abeatetipbolcloigr 1nwhereitihg sificp compsisghere to form
activat ed silicaggl. contacting the activated silica with a starting
hydr ogen- contygi 'Plhé”kﬁet'ﬁﬁ&@félﬁihnI‘le‘eﬁ'&hﬂlél ufif doty r?sés_s' lica reduces a
concentratloq gne or nore Inpurity fromthe starting

hydr ogen- cont.gi ﬁpﬁ mat er | to. formtg he pur,i.fi ed hydr ogen- cont ai ni ng
material, and? Bicthad @l Cj%‘!‘l Y wlerein the pueibied hydyp- deconpose t he
hydr ogen- c anmaiomizmgngat@cnal hasy walce vapeacohcdmirlion oP. The net hod of

claiml, whggein fﬁ!ebrslédsi ca is heated at a tenperature of about 1500
C. or nore a d silica. 3. The
| af; l'§ M%/‘\ﬂere@paﬁlgl }C}(":’IIB%S htghﬁg%‘#],{ mat Ier: al conprises

nmet hod of cl aiim
one or rmre%%r‘i?éiﬁl”i“ﬂg mgigrialdias g WaRB AT coneentrgi? Rét hod of clai m 3,

wher ei n t heaboytbdpemoclest. ai ni ng material conprises one or nore atons
sel ected fromythig HEURoCaRSH BhilRgcipihdiapanty isaelkasd nitrogen,

al umi num %dﬁpggmq{isoaﬁ@g[.ﬂg%f Gk GALERRL gL & seni c. | ndi u

e nethod of claim

tin, antinon

3, wherein ’%‘%’é"'ﬁ?d’t"g HL %‘Efﬁl“éf‘ﬂ‘?sng material conprises two or nore

di fferent G d8plhamethpdof dainvl.ovleneintle impusty chingprises hod of claim|.
wher ei n t he: iydhQ@SItioR Qb iof gheTRY @by @l-ceRMRIpSagcone or nore
silicon hy des 7. The nethod of claim6. wherein the silicon
hydri de corrp s i.licon dr|de wit.h a formula Si 1111"
wherein x=2 p ﬁ]ﬂrlﬁelﬁ éls q‘?kﬁé‘l Lléﬂlefﬂ’é’uﬁﬁi‘ﬁ’&i‘&i’rﬁf'scl aim6. wherein
the silicors mymlade\mkhrm“ﬂrmel@ Sdifd;j. meheesin k2 of mareeqnd et rasi | ane, or
pent asi | aney=2x429. The nmethod of claim8, wherein the silicon hydride
conprises triygi erein the silica
i s heated tozg Tﬁgﬁ]elho%&ed];?@r%mﬂk%n ?55 &.éahitﬁ‘gﬁg \ggt 400 C. 11.
The met hod cgplpgisg% 'i‘“‘ PREMETE®he silica is heated to a t enper at ur e
of about 600 2& The meghasl of clam 2§nwheisimibe inert gharemd, wherein the
silica is hedtedittogea(Nehelivah (He). of agboyArp00 C. to about 600 C

22. The methed of claim 1. wherein the dry atmosphere
comprises at least one reducing gas.
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13. The method of claim1l, wherein the silica conprises silica gel.
14. The method of claim1l, wherein the inpurity conprises water
vapor. 15. The nmethod of claim 14, wherein the purified

hydr ogen-contai ning nmaterial has a water vapor concentration of about
| ppmor |ess. 16. The met hod of claim 14, wherein the purified
hydr ogen-contai ning material has a water vapor concentration of about
50 ppb or Iess. 17. The nmethod of claiml1l, wherein the inpurity is
sel ected frod.tTe getud clocsins t22ngvhefeihyhe oshichengss si | oxanes,

ger noxanes compflsdiHydto@e (FRX&EmoniakRiH,Jhe method of claim 1.

hyar ogen: cont i e dnEPERILREE \%&*‘fﬁ@@mﬁﬁ%ﬁoﬁkﬁ’@i’éf m 1. wherein
the | mpuri (4 BUApRL 18 64780 HiPyah WEAS v Iie FHREFERISI x1 i1, wherein
x=2 or nor gas amprisii wezcular RairoFhe i thebumdHek begom 1, wherein the
t hy at nosphgreocsitme msg& yat | east one inert gas. 21. The net hod of

| 20, wh N2), heli He),
gra;;“gon (A e[*h'& Do BELL Claid 1w ?&H{ﬂﬁ%%q_}@itiﬁﬂ@?us(th)e dr; tum (He)

at mospher e “QYRHIT éé’é’n 1}°é1at§‘t‘lp8ﬁg“r?é)c§ﬁ PP or] 8323, The met hod of
claim22, H@i‘-‘rﬁcilh'é*- &‘hﬁttl%@“b‘é%dc‘,’ﬂﬂwl?s@éﬂqﬂ)lﬁ’ Byen (H,) or ammonia
(NH3) . 25en-¢¢mﬁmt§1mdteuﬁl claim1, wherein the hydrogen-contai ni ng
material isgargi il a carrier gas
corpri si n 2“6CF{ H}ﬁﬁlllag%cg“ﬂ-ﬂué;ﬂ@”ﬂfﬁh*{é Eiﬂ § Hﬁcw on (Ar). or

ni trogen ?IN%% € “53"0‘ PI’ﬁﬂ ‘of cl ai m 1 wherein the activated
silica is cqupddingg purgier nrilerad comprisinpstlise upd hovingbout 25C. or | ess

when the actiw@i€dAdi0] mald ratic grdadatiesh W0hadhe starting
hydr ogen- Co%ﬁ H&J fl'i@t ﬁ{u'l r mat?rﬁr A:tﬁeilﬁo‘fjogfn{eﬁﬁuc' ng inpurities

| di fi
e ycgenéfééﬁ*#g“é\cﬁl%ﬁea’hl& ﬁ%\)?‘ﬁ&amﬂ“%ﬁé S s PR

03 nole ratio
greater than igoonobnaherewmtaldydnges that | WN?HET@Mﬁﬂmerl al with the
pol y- net al hyder ciancwhaiogisnhahidie puhi-fuced hpdidr i al reduces a concen-

tration of @79%6uﬁinﬂoﬁﬂﬂﬁi%%lkhﬁh11Wﬁllﬁrﬁh‘i‘&mr num ber of

nmetal ato met hod of claim

he
26, wherei l'?)tlﬁf'bf)ﬁ%ﬁ‘}yr 1&:(?1:18?’ Xﬂ]lgtaﬁ?yéiﬁ'ﬁi&@ag‘a(\f‘éncent rati on of
| ower met afFSiH nHeber Mapelplaiensthanthepaly-pgkb dydride. et al  at ons t han
t he pol y- met28. Thednictdmd of claim 26, wherein the poly-metal

hydnde comprises two or more different metals.

29. The method of claim 26, wherein the poly-metal
hydride comprises carbon. nitrogen, or both carbon and nitro-
gen.

30. The method of claim 26. wherein the poly-metal
hydride comprises a polysilane having a formula of M, H..
wherein x=2 or more, and y=2x+2, and the higher metal
hydride has a tormula of Mx+zHy+2z where z=1 or more.

31. The method of claim 26, wherein the poly-metal
hydride comprises trisilane and the higher metal hydride
comprises tetrasilane.

32. The method of claim 26. wherein purifier material has
a Si0,:Al20, mole ratio of about 12000 or more.

33. The method of clain: 26, wherein the purifier material
comprises silica gel.

34. The method of claim 26, wherein the purifier material is
heated at temperature of about 100° C. or more.

20



28. The nethod of claim 26, wherein the poly-netal hydride conprises
two or nore different netals. 29. The nethod of claim 26, wherein
the poly-netal hydride conprises carbon, nitrogen, or both carbon and
ni t rogen. 30. The nethod of claim 26. wherein the poly-netal

hydri de conprises a polysilane having a formula of wherein x-2 or
nore, and y-2x+2, and the higher netal hydride has a fornula of
Mk+zl i y+2z where z-1 or nore. 31. The nethod of claim 26, wherein

t he pol y- met3s| Thyweihde of doii 2& edhetyin hiclparificangtetiids hi gher net al

hydri de copgiddsfs télﬁgé@ﬁiréa%ouw@@ cTé}q Ilhgdm?f aﬁloﬁ't mlggoomgrere' n

purifier mat r

nor e. tﬁﬂ?ﬁlgg o&c agp &Grﬁ‘ﬁ%fe"\m%wé'% Isfigal Bu‘?. fier material
conpr i ses %iLFHP@&“@@Iimm abaut IAR Coisy #howt 400°Cai m 26, wherein the
purifier nmatddt Tht methodedchandb, ¢hepavihe sifiea sflicaledus 100 C. or nore.

35. The ns} i&ﬁiiae?ftu&'cﬂiaﬁbl?t%oowﬂebﬁhﬂ)ré he purifier material is heated
at a tenper he nmet hod of claim
26, wher ei naggugﬁ%ﬁlF[@ O?éﬁggégah‘%l"gﬁ ,l.;gé}sjlteﬂltﬂ 'Yy om about 150 C.
to about @@@per‘u@vofﬂh@lt §dioab ‘—‘6‘1‘ 6, wherein the silicais
heated to a ¥elbemethode (efaimhiwheain Qe orifeoneterial 38. The met hod of

clai m 26, mﬂﬁd@h@oﬁmuﬁnbm@ﬂxmérIhﬁ&tlﬁ&dn@(ﬁdm%@ture of about 400
C to abou Q)r ‘ss claim 26, wherein the

purifier ITHP c- ntratlon water . in the netal
hydride to tﬁe E‘eﬁbﬁ‘gfclql » W 19'21-’@““%8“'&’6{ RIS clai m 26, wherein
t he puri f|r@duma@ﬁnwnrﬂwmb@atarmdmnﬁa}lmdmdat(mbmuater in the netal
hydri de t o5(bfyshudr 1B, ppb or | ess. 41. A nmethod of reducing

inpurities ig, & Ft‘ﬁﬁlModT‘%’tlaﬂcdﬁMﬁg 19 uritiBe |1'i"3dt g@l}-l‘ﬁ@ﬁp“ sing: providing
a purifier ving a Si0,: AL 03 nole

% ’HSH‘h@ 6dn§ 'Ca and
rati o greatc taCtlﬁglﬁ IE)(m]éfler materlal wth
t he poly- metpé‘?wﬂ &Idl ‘E’Hﬁmﬁ PHIER NGRS al reduces
formation of AP 1§P9H9H‘Pb?€fé§fﬁh§t H0RBvanda greater nunber of
met al at ons L"Dhlanlmgldhpoplyafmt nlatdmpdirwdie. the pﬂly—mhtal met hod of claim
41, wherein th e ivherin e ﬁﬁn@mmbﬁ:ﬂrécﬁféé@ﬁﬁm@ﬂ@pncentratl on o
fl ower nmetal &ﬁ ef'lhﬁ'}d \é 'ﬁlﬁ% 1f¢‘rmﬁ{be9t)f metal atons than

t he poly-neta alm4l, wherein the
hi gher net aI bty?'élbfed’r “‘6?‘?]9’ Tonbi natiop of the poly-netal

hydri de witH 1r%ir(@ Cé’ﬂ@l - ivafeinihepuriighmglerichg speci es. 44. A
met hod of quwgdmmgammmmhmwh ewer mgtdhydadesdbaithaini ng material, the
met hod conmpmuigiengumbentiandtalngnes thaw iht:ipely-metéhydidewi t h t he

hydr ogen- cogBailfi ieiSd ST icklim MekRérBint ﬂh@ lﬂEﬁérfﬁl%l material conprises

silica ha"‘lgﬂgid@? r%' f?mné{} 93111%7%1% hit IbRO i@ ollg I?[?ILII about 800, and

wher ei n fati on of

oxygen- co Wé’?k’??’flho HF?leeé@dftW“t'ﬁBmﬁMglj’é‘ﬁwé%‘me&r ning naterial .

4. A melhod of reducing impurities m a hydrogen-con-
tﬁllllll“ material, the melhod comprising:

conmcting a purifier material with the hydrogen-contain-

ing material, wherein the purifier material comprises

silica having an Si0,:Al,Q, mole ratio of at least about

800, and wherein the purifier material reduces the con-

centration of oxygen-containing impurities in the hydro-
gen-containing material.
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45. The nethod of claim 44, wherein the hydrogen-containing material
conprises a silicon-containing material. 46. The nethod of claim
45, wherein the hydrogen-containing material conprises at |east one
of nonosilane, disilane, trisilane, tetrasilane. or pentasilane.

47. The nethod o fclai in 44, further conpri s ing, prior to the
contacting: activating the purifier material ny heating the silica at
a tenperature of at |east about 1000 C. or greater in a dry

at rosphere. 454%he fkehoteoheldino#id civheroindhe ntigroenseonhe dry at mosphere
conpri ses aihiliiﬁ%'ﬂﬁlbleﬁﬂpcdlﬁﬁis‘esgﬁﬁicﬁﬁJcéﬁlbﬁ‘ﬁ'ué h@teriahe group consisting
of nitrogen, Qe 1gr‘%nor al_r:%on. 4@_.‘ _.Th]ﬁ rfehho’q of claim 44, further
conprising, B OR Athaol-Ga, 455 Wheren g WmEeRgotine purifier
material byladsbRRIgIt pRIBLISes @b least e apnasdARsgidonposi tion for a
period of tlane trisilage. terelanetdrpdntosilankai m 49, wherein the period of

tinme is | ess fhfp ' £ ‘ ﬁlm‘zl A the purifier
mat eri al dg&%@lﬁlﬁﬁg%ggﬁghﬁ]ﬁg }{aﬁ%&con ?‘Ltﬁ’](-)l%ﬁﬁgﬁe 51. The net hod

of claim 497 Wierein the conditioning conposition conprises trisi
| ane. 52. Thavansehbel pofified latiﬁ&nalélmyat@ehm thet ilkkcaotyegen- cont ai ni ng
i mpurities conmnieatate dfeasianenof00a G5 ol gare in adger noxne, a

si |yl - gennoxangm@ph¥et er vapor.

48. The method of ¢laim 47, wherein the dry atmosphere
comprises al least one inert gas selected Irom the group con-
sisting ol nitrogen, helium. or argon.

49. The method of claim 44, further comprising, prior to the
contacting:

conditioning the purifier material by exposing the silica to

a conditioning composition for a period of time.

50. The method of claim 49, wherein the period of time is
less than 30 minutes and the temperature of the purifier mate-
rial does not increase during the conditioning.

51. The method of claim 49, wherein the conditioning
composition coniprises trisilane.

52. The method of claim 44, wherein the oxygen-contain-
ing impurities comprise at least one of a siloxane. a germox-
ane, a silyl-germoxane. or water vapor.
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