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REMOVALOF | MPURI TI ES FROM HYDROGEN- CONTAI NI NG
MATERI ALS CROSS- REFERENCES TO RELATED APPLI CATI ONS
WO ®913063hi s application clains priority to U BUT/US2009/044223
Provi sional App. No. 61/053,990, filed May 16, 2008,
and titled "REMOVAL OF | MPURI TI ES FROM I\/ETAL
HYDRI DES', and to U.S. Non-Provi si onal

R O TN PRI, TG W@WA@W@&@G

entire contents of bmlﬁ&‘f‘E%@” i ncor por ated by

reference for all purposes ND OF THE

I NVENTI ON [ 0002] A wi de range of hydride gases are
used to make materials for sem conductor devices. As
t hese deVROSS- REEEREN@ES&OWMPEMAITKXNW and

0001 S oAb T TR i A R D00 e
16, 2008)Gne #sied <R ERASSAILNGE @MP’(MT@B?FR@M MEBEAE HPPBRIDES”, and to
e., hydri de@gases of silicon) are used in a variéty

US. N((Qﬂ -Ryevisiooalddien. dYo. flaM60 232, filad Mayclds 8049, and titledi REMOVAL OF

L e S SN M em——

both agdresdn dfcofidrated by hettiedesforal pafposés. i con hydri des
(silanes) are chem cally deconposed on a substrate

surface to deposit silicon nmetal and vapor-phased

exhaust produ ) and
hydr ogen hal i ?é%cgg;%)@%d%g: g§ f\%e irgwe silicon
[0002]pA sade sampe bEhydriiel dasesrare hidedrto deke nia304d fobwérhitgnddeeor devices.

wh of the silicon, |ayer VPE, noisture | evels
As thefh dicts EPRITG tIFFIasF RER AN IR A R ———

the staﬁﬂ%%é’céhaﬂﬁﬁ?ﬁreqﬁp@ﬁ @ heflhas his| ?ﬁ?ed@&?l ectric films
i Ke silicon oxide even relatively evel s of
10003 kB S O SRR PRI R o i iy of
semicoRdGétot RAbHEAtioRPFEES s IMBRAINgpithkigl érblv'fﬁ St s‘i‘h&ﬁltrhétﬁpﬁlms to
characteristics. Water vapor is one of the nost

make sglinoroyaferamwlsiyases. o saper-phase epitaxy (BE) gases of silicemimlides and/or
5111confh5'81q{ié;sr(r9ga§1%§)ea(}?§ éc’mﬂclallf dscé)ln}%g)s Sq @Nﬁp%}l{sﬁg% §F&2\ Ofdgp%sn silicon
metal amdrvfapelpphaséﬂ bttiaost ;{r@dlféis Juah @@hydTbg’@lVﬁs (HS) dridq{afﬂréére’ﬁ halides
esses_faor, making silicon fi noder n
(eg, I’ﬁéﬁééﬂﬁ&&%@ gticompregirses is g silicop Ghﬁ@ﬁﬁ@)ﬂt s more often
require reduced noisture levels in the tens to
[0004] huldriegithe gaowth-gfehdsilitorolayer by VPE, moisture levels are carefully

monitored and controlled. Unlike chemical vapor depositions of silicon dielectric films like

silicon oxide, even relatively low levels of moisture contamination is problematic for silicon
VPE because the oxidation of a silicon metal film has a much larger adverse impact on the
film’s electrical characteristics. Water vapor is one of the most common, and yet most
difficult impurities to remove from process gases like silanes. Most drying processes try to
reduce the moisture levels in the silane to a parts-per-million (ppm) range. However, silicon
VPE processes for making silicon films for modern semiconductor and electronic
components more often require reduced moisture levels in the tens to hundreds parts-per-

billion (ppb) range.
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(ppb) range.[0005] Unfortunately, the delivery of
ultra-high purity silane gases with [ ow | evel s of
worgtostignegs cont ami nants faces a nunber of chal | BEYES2009/044223
Moi sture and other contaminants in silanes can cone
f r C 1 : . s )
10005 Okt BRI SR o R B ATR g Bpc 1 f Jo M 1
mmstuﬁem:bﬂmdhmta @ace$ a hhmbgast chiliériges.t Mdissurk ané ofh@s contaminants in
manuf acturer. typically_provides a c ntanlnant anal ysi s
Sﬂane%m@ﬁomﬁém@a@qfe%wgov ﬁéﬁﬁ@ewesaw fads WeM 9s dyrpesige
subseqR&Htiph¥kdg ?%e RipReh€ Qto NS lﬁﬁdﬁg@bf thQ BA. WRNE {0 MR Sas
are’intro uce fron1o t gassi ng e contal ners
manufa(oemgr f,ypgaﬁy p;dvudﬁd earw)ltanasanmahzilysas wheaile gas tkavessthd padduction

st R 0 S b s G At S RIP B
outgas@hFes ateafoﬁta@ﬁe@y gedge SgdSRPYn@RPOLS Wall hd §§k§‘ &1 rgﬁﬂﬁ%ﬂ b Rtatthants
contam nate hi ghly puré sil anes and ot her net al

presenwwlomtgea@eﬂdn@rymhmn@ their point of end use. Thus,
there renmnins a need for nethods and rmterlals to

[0006] PUThe presatabl Mpibhird &5 the Ualbics athhdspRES pkdvidesRRAN opﬁbﬁﬁﬁtles
they are acceptable for use in nodern el ectronic and

for oIS (eoF AR GACENT auteilpngy apd othes sedal hygiidesdiedore repshing

i pBHO % SppCHEE R S TRl B 50s m

hydndé%u;ulc]ﬁ w$ sithnaetohoplsint whdre Ith@l ab¢ acpptaBlgSbeiR iAh®dern electronic and
descri bed for .renovin i,sture and ot her inpuritjes
semiconduGpH M HRIRLIRS PIOSPSiFhg ag%iO@ardﬁoalngfa& 5@&%&% B
embodﬁhérﬁ@@fta@§€e%ent%nﬁzsﬁnpl e of a silane gas used in
nbodi nents of the invention is trisilane (Si3Hs).
Trisilane can be used to grow thin filnms of pure
silicon (Si) and silicon-germanium (Si-Ce) alloys at
I over tenper BRIEE SUMNARY BETHS INVENTIOKGH i s
ometinmes referred to here as "nonosilane” to avoid
[0007] dﬁmfmngnn%h@dﬁ; materials; and' syisteayase deshribed BF eergovting miedsture and

other iﬁb&'?t?es%on? hgar%g&-h(yrﬂéﬂ)ngl%[ %8%1)81%% fOSI! %ﬁqvgﬁaréleergé@e:s ]One
examplefolf arsilamnEasagvdii aaleslinves oﬂﬂié@ﬁwdnﬁﬁﬁ‘ is teisivari (81;Hy). f Diisilane

meeting | ow thermal budget requirenents, it can be
can be 5o great Hun &img ot purg sHicey <slwm sifieqty spmagivam (Si-Ge) alloys at
lower tE‘BP&%ﬁJr@ﬂﬁn @Hﬁﬂef ('S b Q/]me Tes lfé%ﬂe@ dd RBE LY ¥mbsilane” to
sture renoval SO SiI gni econpose
avoid confusionami¢h thetterns ‘(mllahes” tisdt reflomssto It]nd«ﬁasmmﬁ eficbahedrddeccompounds
Thus, the purjfier materials and activation

|
SixHy (ﬁﬁlggllﬁd‘gg?t?ﬁwr? oy c%‘*é‘bul |y selected to acconplish

the noisture
[0008] While trisilane may offer some advantages over monosilane, especially for meeting

low thermal budget requirements, it can be more challenging to purify. Many conventional
monosilane purification materials used primarily for moisture removal can also significantly
decompose trisilane into smaller silanes like monosilane and disilane. Thus, the purifier
materials and activation methods have to be carefully selected to accomplish the moisture
removal goals without substantially decomposing poly-metal hydrides (e.g., MxHy were x =2

or more) into smaller hydrides and/or other decomposition products.

[0009] Furthermore, poly-metal hydride production methods also typically produce some

fraction of higher metal hydrides. For example, the production of trisilane typically produces
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renoval goal s without substantially deconposing
poly-nmetal hydrides (e.g., MKHy were x = 2 or nore)

WO ni0d/1¢0%88 | er hydri des and/ or ot her deconposi t PORUS2009/044223
products. [0009] Furthernore, poly-netal hydride

tetrasil?r;eg(‘g%lc txf 24 ﬂﬁcﬁlg & 1s%|-t t?ﬁlsﬁlﬁgéa(fﬁh{@fu&r %o%u’ﬁgxﬁ@ 1ncthhde methods

on o For eXa

and maﬁdfrmﬂim&ﬂ @n relfnot/df (esg J @ereempyw) Cladst hlghendatahhycbi&eaaﬂ d faster rate
tefrasjlane and i sqg-tetrasil ane)

than thzﬁalgrdpﬁtémssdrmcnns@éﬂﬁéfh?ds@tlgﬁ FOGRREA ML thenpll agtal bydride in

h ;ﬁ@g}f dcg- 9., deconpose) these higher netal hydrides
the pur ?aster rate than the poly-nmetal hydride,

o010} o eBinghiad e ionndof kb duo G stiok 3 ydtpgsp-containing
materidEMTRE h{BBYIS nQJy ih&18dé fh\é%%h @Ppﬂo'ﬁﬁiu&’?@ p{ﬁ?ﬁ&‘iﬂaﬁeﬁ’i} comprising

purifying a dr ogen- cont ai ni ng erial. The nethods
silica. rhhy sxhn@ maéaethfreted abjsmpsfatyre of ebituid 0@ 6 @r infare fn ardtyeatngsphere

to forn} aecﬁig {l}ggs g‘# bv&{et&isb@ab%g a'? ?%?ac%d egh ggﬁ?artlng hydrogen-

contam@ﬁ%ﬂﬁ &h@l’ vhee f'h@ aofivaedd Viadaaddisdel b @Bncehtiati@cdf otRtoe thore
ica may be contacted with the starting

impurifyyfre et Hpa hydrgenraenipingie, mejpas do form @éﬂwﬁﬁé Bydrogen-
coman@éofpn%@ﬁle g{fg r%?% gtﬁ%gﬁﬁ)a{edasﬁl AU n WG Sgéftﬁe[b Ity

rogen-contal ni ng Peria orm
hydrogefeoitainirig mdterigldr ogencont ai ni ng mat er i aI and vvhere
the activated silica does not deconpose the purified

[0011] hyﬂﬁg&ﬁﬂleﬁ@%%&h’a&tﬁta 1ﬁéludﬁ%]919ﬂ1%h IH§ Hhfurfes in a

he ©nvention also |nclude nethods of
poly—mletai) bydridee SThermethodsi Iyay'rmthllde thyecktéef pimedmgnlmdﬁemyterlal

comprinsied ] Faiing 6P oty Mooty hathodlE) B v

materidl hﬂaf}'t&rcoh’fh@fédmgpthem%l Rfal ﬁ*(ﬁ'[de”ﬁrh@ﬂ'eltﬁé m};ﬁ?ﬂerbﬁatenal reduces a
contacted with t &;émata hydrid ere

concengyatiorn @%hlgh@tre@taldlydné@m shaye @cﬁﬁ@?é‘ﬁtmlmbeb af wetah pigmsithan the

poly-mg{%gﬁgdr%c%qrﬁr?%odlme tsrrpmagzl 310 1H 8 léaevrm ng)glhﬁ T n{%nai reduce the

concen@thtién bﬂ@bvldﬂﬂleﬂﬁhy&@ddsh@ﬂﬁl-ﬁoﬂf irRtal ipdiedd, a\}hefdi’tﬁjtlﬁemk/&anetal
concentration of |ower netal hydrides in_ the

hydridesdaye aemallenimbes of megad ptomms tharpthe pabrmeial aydmfiﬁdhatdé Being

l:,umﬁe(lpave a smal |l er nunber of netal atons than the
ol y-netal hydride that is bei ng purified. [0012]

o AR i b0 s A
i ST 1 3508 8 B i by
containingpmaietipbemprtsingsgrst @mpomaypatlitics. iThelsystemamay also include a
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.

[0013] Additional embodiments and features are set forth in part in the description that
follows, and in part will become apparent to those skilled in the art upon examination of the

specification or may be learned by the practice of the invention. The features and advantages
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purifier unit conprising activated silica. The
activated silica may be fornmed by heating the silica
W@ 00g/14sper at ure of about 100 C or nore in a BEHUS2009/044223

at nosphere. The systens may still further include an
f h '
orthe Ll ARREASAD SATARE DU Sl Mg

combnliwnbni iaad metdds d@hﬁibedﬁmmempldfdlﬁttmdnhydr ogen- cont ai ni ng
mat eri al has a reduced concentration of the one or
nore inmpurity. [0013] Additional enbodi nents and
features are set forth in part in the description that
fol | ows, anBHIEF;ﬁ}ESCMWHON@BfFHEaBWNGSo t hose

ki d th e ] )
001415 oA i yitysion ool Hrchafis A pL v o P prests inyerngip may
be realiZ8y @g tréf@féncér fehé ?é}ﬁéiﬁi%? p@mim@ QY aﬁtsgsﬁﬁea&mhfaﬁd R @R
e realized and attai ned y means of

wherein rhlét: referenecanumerals are uyeditheav gl theamlderﬁ!edrhwms d«e safer tbetnilar

n.t cification P
compopfity RBREGBIATEN TPIARE) S arBRCr ARl hirgensaperp P
follow@a Hypstdv an Heti2s o oft MeltPleesilhr doMPNEAEN WHN rBRrence is made to a
realized by reference to the renalnlng portions of the

referenge awmetal withewt saerificaiionde anienigingwiblabieh it is friendetde exfercto all
such mﬂﬂﬂ‘% Q@la@&ﬁnﬁ&ﬁ:ﬂt t hroughout the several drawings to

simTar conponents In sone i nstances, a
| apel SSO |ated a reference nuneral and
[0015] gﬁb ﬁgaaﬁ howingss ee o¥iws & methods pt Burdfy g hyrogen-
contairft tﬁmﬁ \é\b&ﬂdlﬁg & ?ﬁﬂ&ﬁnieﬁts"@% ihQerflidnef er ence
nurrera out specification to an exi stl ng subl abel ,

ds,int refer all such e.simlar.
[0016]; C oFrfﬁo% gr?tfi w%glsglfwlg}ggselef%dgte&)s 1 B\?B’?Pﬁ %F}B%nﬁ grp urities in
hydro g%@c@ﬁtbﬁl%gsé&ﬂ%sitfbngﬁém&iﬁg o erAbédiinéhRSf the invention;
hydr ogencont ai ni ng CorrpOSI tions according to

[0017]?{@%&1@8 g Hﬁe& Qc%e f’ a g}és{teé% gor D 1#@1{1% ]8&%0 g?n-containing

OWIn

compomedm:adagrdmgomrdrﬁboaanems bmé dgentiegnt ai ni ng
conmposi tions according to enbodi nents of the

[0018]] rlylg”& Is fchéxggt}g fo E'tﬁsﬂaﬁl gﬁrlﬁeﬁhg@h%lft.k&ﬁ%%%]tgﬁ?“ ¢ of

stem puri y|ng rogen- con

[0019] Cgl{}gnf e I Cocgl%rn p égnlsgfrgso :g M gl}:lé?? gel activation

tmnpaﬁﬁﬂ§|lane purlfler mat eri al testlng system [0019]
|g 5is a plot of S|Ianol group density as a

on of .s actlvtlont er. at
[0020] .Li*g]g %1S.a§rgp}b?tlat?} é%@’t ‘i?P%e’}thgP i §!flrlselan£ samp%
concentration in a trisilane sanple;
[0021] Fig. 7 is a chromatogram of a trisilane sample; and

[0022] Fig. 8 is a graph of various impurity concentrations to plot the effect of the purifier

material on the purity of the trisilane produced.

DETAILED DESCRIPTION OF THE INVENTION
[0023] Methods and systems are described for removing impurities (such as moisture) from
hydrogen-containing materials (such as metal hydrides). The purifier materials are selected
and treated so that they remove a majority of the impurities without decomposing large

amounts of the hydrogen-containing materials into smaller species. For example, when the
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[0021] Fig. 7 is a chromatogramof a trisilane sanple;
and [0022] Fig. 8 is a graph of various inpurity
W@ oveasterat i ons to plot the effect of the puriPCEDS2009/044223
material on the purity of the trisilane produced.
T .

hycrog R O e g s T ) e l00f8 ama
treated(ts ueduca thendecsmpogiion ohihe pylyrmgmhhycioidt antnilovgerrtatdeidesthst

.(such as mst?l Eaidrideé)' Thg purifier terials are
contain fEEE PIIDSIR &' FIeGA CIARS 5 18 FREpositinp b risilang Wi monesrand
disilantd)e 1 Mpurities w thout deconposing |arge amounts of

t he hydrogen-containing materials into smaller

speci es.  For exanpl e n_t.hehydr ggen- cont ainin
002415 DS fjsnird ey Sl aR e S Ry e o R e B R P o
substaidiz8lyyediRed eshoaiitbfinh SisfuRy wit re@ebiess iffodReOIREN AR of 90%

of the poly-netal hydride into | ower hydrides that

or more bpingiaphitvakde. Regeptansingtionmadithe peifsdghydeoggn;coptaening materials

g i ri el Lane into. ) i _

e N R U

storagdwiele agdrRxpestik@iodas delivdre eijdbmehinnad kaeps tHedindaiityaddnyentrations
reduced ampunt of npisture, with reductjons in _.

low as thy purified hydrresnrcpaipinipe wetedals. g immpediatgly Gogsumed in, for example,

Semicoﬁ‘%&&\éﬁ%ﬁmﬁﬁﬁgP‘#}gﬁ%}ag‘?tt ion of the purified

rogen-cont al erials may al so be reduced by

pur]j fyi themin situ a oi nt of._use. Th educe .
[0025]; ri%%%ﬁﬂ?g,eng@&r%@g maﬁfg_}aﬁsaﬁaf SR hsarged @aaagﬁaéq PoRe-yydrides
(e.g., h?&ﬂ&é&"(ﬁ!’tﬁ a SiaBlekRER 4tH8) APy Y dSERGERTHAHE HoSISr MBW R%-

he purified hydrogen-contaihing materials are

hydrogenmetetiieatsshgt aro hendeddogathers Gor esaanmié, polyskydrisies thaytinelude poly-
nuf act uri ng._equi pnent 0025] The
metal {YRAGE Bt iy RS T Bt PGPS hit s boesdossthars Pely-melp
hydridédahy 8o mnmehy&ﬁérdﬁ@nﬁgu@ﬁonmmé Hﬁdi-id@s (Ogansbigiigne versus
netal aton) and pol y-hydrides that have two or nore

iso-tetragil#gtr ogen el ements that are bonded together. For
exanpl e, poly-hydrides may include polynetal hydrides
[0026]t hEhe InalreganvedneainiAP meateriil sinapimeimletahakietr f rhaterdslsl including
Pol y-net al hydrides may al so include

t her.
Group {83y, [sé&éﬁﬁ@uﬂéﬁﬁr@ﬁg T¥ieend- R di9 g8stDleany Group V (e.g.. N, P,
As, Sbm%&éﬁéﬁé BBarY BhRAE th $Re bﬁ{n@éﬂlyyd@?%i a&%ﬁ& 2Bhe hrials may also

rogen-containing materials e a varliety
includeexinebinatioss of hed odinoge @itbess eldniente. When Bie hAldrogeascohtajning

materiqlgd g meta S gridegg e By i nefite0Y inele! Lo-BEHB GHRADL gifomming
at leastOarRally R4 e BYSHRICIhe3E AP inclilR HBER oM thePRYiodlcifble’s Group
I (e.g., B, Al, Ga, In, T1), Group IV (e.g., Si, Ge, Sn, Pb), and/or Group V (e.g., P, As, Sb,

Bi), among other metals. The metal hydrides may also include combination of two or more

different metal elements (e.g., a hydride comprising Si and Ge, Si and P, Si + P + Ge, etc.).

The metal hydride sample may also include combinations of two or more metal hydride

compounds, (e.g., trisilane and poly-germanium hydride).

Exemplary Methods

[0027] Fig. 1 shows selected steps in a method 100 of purifying a hydrogen-containing
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
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i ncl ude conbi nations of two or nore of these el enents.
When t he hydrogen-containing nmaterial is a netal

whyweigdess the hydride may include any netal ePENESL009/044223
capable of formng at |least a partially stable

o i .~ 1 . i | .Derd i .
sﬂlcatep.g g’ﬁé Sgﬁféﬁfgﬁ%g?{fﬁg Eﬁeeﬂgleel{'tggl H%fo?elcég]’:ltreﬁa% rtn%]ﬁ}lgle %% ﬁ1le\?ur1ﬁer
materiﬁlebis si,li)c&i the E&xtin@@%epl?béy inadlilldé wi;i@ dwaeflﬁpﬁragge gf fhe stiea in a dry

, Bi), anong, other netals. The netal hydrides may
atmOSPineseo(l- Pman adResPRERS Vil 2 isAuesd leve) obvates vapal:-f T esting
t & . i C hG | RN
tempe g g B a0, 200, 2 SO o e e For
examplepthediesting teoipecdure andyi magd foora abbutt M0 °Crtormbow 406t°8), or from

about %S‘{d %e g&@@ﬁf&ﬁ%&e' gﬁ&&gé%%%%qgﬁgaegd Ems%;)\?\:r mani um

sel ected steps in a nethod 100 of purifying a
[0028]hy Thodrrratmostthatatinay bermade phined @etasdiaile gases mpdigingegases, and/or

.0f. the.invention. The nethaod . 100, my, incl yude wvi,di n
combiright'B7 et et oS gt IS0 Vb G aRd BN ods may
includShdlived a2g@in, RAGLH, elk. Mhkediiciti! gkéd MeFidcludathgdrogdh @) and/or

purifier material is then heated 104 to activate the
ammonig (NHz)h pmong ethet rrdugingigpsesr Embodiments may glsgjingledg heatigg the
. ' i.nval raiLsi rature of
purifief ARt RIF Radlii 10" 4 iR blifosb RO 0 0 0%

Wi th reduced | eve] of water vapor).. The heating
[0029]; ehpre ré(tam@S%gﬁ 198y boefatio gipdynapy (i85 dlowipg); %yss%am@e, the
280, bERbtindoRS1ly SIARE robdifthe purifi
gas(es]ﬁtggbtrlnng tpe%gg%?tmogp%ary rgnge r%r% algout 1%0 (()Z%hg[ © PHITHer
materigtfoud pafion Or therentircodnratiaudf the beaingsteptie.gt, abO@ 3C6, Ardnds, 18,
21.24 ther tenperature ranges. [0028] The dry at nosphere
> VS5dCrmde of inert gases, noble gases, reducing

gases, and/or comnbi nations of these gases. |nert gases
[0030] reljoliavahg the agtiyativin ofdhepurifiez materiad, the knepegatyresmagabe optionally

o] u hel iU argon. krypt on . Th in
adjusto 0 RF st ok st Bp1o) Gy 810 6 o R poowt 0
°C, etca(Vbé¢ToreadrivRking @t ficipngdsieshydrogenciontiitifg yeril.SAlternatively,

i.nclude heating the purifier material under vacyum
the purifierean by mainiaingd 2tihe eiiration (9rBRGHETCR P! 2 fatrRpturerhstvgep room
empoBhFERLAE TR 0 SITBRLEy o fong] YRR mcri
adjustsab tinsghisiest tompetdatire ofithepucifist yysfeloWvihgn thertemgératuse of the

.. purifier terial for a portion.qr the entjre duration
pu“ﬁeg’fnafel’i’é‘ieﬁé’gﬁ}sﬁé tq F‘é‘?in?%?‘é‘?e, thays Eff?@é?ntéga@?mkilé?t tgmpergire, a

. He- | o AVE! #NeTaRYan AU
ot bibo B 15 R i OO B R
temperepir¢.onal | y

[0031] The activated purifier material may be contacted with the starting hydrogen-
containing material 108 to remove one or more impurities from the material. These
impurities may include water vapor (i.e., moisture), siloxanes, germoxanes, silyl-germoxanes,
and/or hydrocarbons, among other types of impurities. The reduced concentration of water
vapor in the purified hydrogen-containing material may be 90%, by wt., or more compared
with the starting hydrogen-containing 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,
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adj usted 106, for exanple to roomtenperature or bel ow
(e.g., about 25 C or less, about 0 C, etc.), before or

waleroongpegur i fi cati on of the hydrogen-cont ai ni NBCT/US2009/044223
material. A ternatively, the purifier can be

etc., 1nt I n&rﬂ'{ tﬂ‘?ﬁ'ai" nettha% has h ?é e th ur%el%rngat%rﬁ 1. %he impurities may

erature etmeen r re an

also 1nc”:lﬁdet &’e’tbh?ﬁsmeﬂpﬁfd&t:ﬂs o€ thel Hydﬁdgehlcoﬂﬁahﬁﬂig eateeidi e purified. For
the purifier material adjusts to the anbient

exampleeyyhelt te ipedaldry dride isaipqlysdgnedy € sHanoipying feemula SixHy, wherein
«=2of BRREEN-En ) eSS AL RRL R Rhab el G

having tfewpreSiatame(e. g8, mowdsilage)or heati ng system may be pl aced
in thermal contact with the material to maintain its

[0032]t Wﬁ@ﬁ t':HelHyﬁrog[eg%ﬁﬂamﬁi?m@&hbyﬁta?ﬁ’etﬂl'l{}id;lﬂg rth& RS tRS may also

be contacted with tThe starting hydrogencontai ni ng
mcludqiagherlaad/o_ﬂ_ B8ver angtalriydedentbatdravers igecatarpod/or sraslldérmumbehel

metal a?«?ntig hI almf, d-srellg{eﬁg(gx}negg Ey%’%kn égmm%%kl}en el gzﬂ zlgyi\r@ es me\lly formed by the

comblrﬁhé ¥ spHEIHEFARE Gesirdd el h?&ﬂd@&ﬁ[r%%ﬁtheﬁ%ﬂ&’o@&tbﬁge If the
pes of inpurities. The reduced concentration of

deslredvva@té}r hxﬂalée has ﬂiletchémm} formale Mydy @ﬂ@rﬁ ¥ ot efimetggand y = 2x +2)
the hlgg% an? tal dfdngé hga(\)fe/ % fi $1¥nu\i\g of 191r (gYCh n%%a;r qdorvl\{l(t)rh tI*hor

en contal nt ng r exanp

examplﬁah@’hmfﬁthe rdesdﬂdanhet@blﬁb&h‘i’db ﬁsiﬁrisﬂﬁhd (slgaig)s ttled lighér ;ionysﬂmh@ﬂq)uriﬁes
about 3000- 6500 ¥ be reduced to
may mals% §tr%{gf§|@ﬁfi é?ormf‘é@sfon%%ﬂ}ﬁt@@le% ;B’Bmé?l qn@sl&exa%tbaa»theawlane

etc. Slf}n‘i’lgrl? o%?mef’ak?ﬁganu“ ?fﬂgreocﬁe la ﬁiboﬁ 223 I ovve 8r more,

‘et C ed tri ne that
and z=t hoomgte)t he purifier material. The inmpurities may al so
i ncl ude deconposition products of the

[0033] hl&@éf@ﬂi%@ n%%qugl N9 ﬂH%&cﬁﬁl‘t %wﬁg 56ty Eﬂef;é i%%etﬁ@ds 200 of
exanpl e, when the netal hydride is a poly-silane

reducn(gsng)urltlss 1ndrydrdm1qqgtaimngnmla@rlgls>sulyh asnmetabtompositighs @ecording

to emb R e g s Mot TRIG b AP Penaridt B ot

selectlr(g@a dlica PERTTRS inhAcre) 200 HABRIs ANAED of BEO,:AlLO; (i.e., the silica to alumina
containing material is a netal hydrlde

, the
ratio) thmﬁygnqn AReTigHy NS oF Mo d%orrﬁxgmle thediok: Alzﬁvemasn’eq ghout
000, BYFLIGHERA 08 ¥ BOBRARE, A POTRIAR! 1Mo raoon

or 15000edrahoteydri des may be forned by the conbl ni ng or
splitting of the desired netal hydride during

[0034] >V iR Ro1d Blicnad LB ABEdiffefent RBECEERERTNRIRS. PYARLARI, if

the metahhly@nde ifx p@ly?ﬂarteﬂdcehhglme thre sidica ttyzduinui&l iy niag\be ahout 1000
mul

or mor%s%a%m : Om FHoaEst V@oﬂwﬁa@mﬁ P b3 bitaw gt 1000

the high ﬁlgﬂi’\@oon%}ﬁrahbﬂ RehluRfhy B th@P&rifidFRidtbhid188ay 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
significantly reduce the rate of decomposition of the metal hydride compared with purifiers
having a lower SiO,:Al,0;3 ratio. Decomposition may involve the splitting of the metal

hydride into lower hydrides and/or non-hydride decomposition products. For example, if the
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may i nclude straight and isoneric fornms of

tetrasil ane, pentasilane, hexasil ane, heptasil ane,
wee@/18iews | arly, a |lower netal hydride may havRCT/Hg82009/044223

formula M. zHy-2z (where x = 2 or nore, and z = 1 or

chemi@ f(ﬁ)nu[ao&?tﬁé {I‘B%fl 'ﬁ?%ﬂl(gglls ;M’i\frqé' gfhgﬂ S Og’or ofn!: %ﬁg *}ﬁgix 2)

sel ec
decompwmwn priodscts mayymhimgaelnwenmb‘al hydiglesrhbeng alfsmaﬂa: bf ®6s . Hy.,

(wherg 3y L FBRL) & 0K FORRP T RBETHOF FIHS houoNcoyr gt (g e

decomﬁés@@orpﬁma@a@ﬁfay %@d&hbﬁd@ﬁmwsam)%d ra?susﬁé @dlzﬁ% 2 that

ratio of "SI Q2 : , the si

S T W TT—

to be rdRO2d AR the ROADhy RRIGQ06.7 B8 Roted4BBve, FRQO impRHRQ, magr include
11000, 12000, 13000 14000, or 15000 or nore.

water vaper, sHexaspb Ihydrosarbensyeic. \aropgfogier &yries of enpurtt;pge Jhex may also
1ncludéTﬁ% r{;' erﬂ es @ {ha%%%éa%%r I{umbteF Sf I%E{a?gtop‘}éqflan e d?sn%d
po

anell 1'S11a he 'stlTrca amnara
metalhyﬂmdae about 1000 or nore (e.g., about 12000 or nore).
If the silica to alumna ratio drops bel ow about 1000,

[0037]t h?hé@t&ﬁn%ge@él 'hgﬁrﬁ@ﬂﬁg BE Et%?édg&erﬂfxeﬁl\ﬂqu&ﬁ?lj {’T\HH REmponents

purifier teri ecompose t 00 muc
(i.e., othei grisbsand/arrliquidshwe mayi beanixsd piiketoroontaeting . glj ﬁo\ivmg)ethrough

5] Th | ect.ed I urifier t hen
the P“‘l&fO izt TReeRdddoa! ?44@9% ta'rna'wlac‘r C%erb%siﬁﬁﬁﬂﬁqr Leflucing
gases, %%heﬁ%oﬂ&h&&ituﬁﬁ%ﬁ €O ?ﬁsﬁbﬂs' hay @éﬂ’ehcfl bf FchJ‘@ﬁal BESIRation of the

selected to S|gn| i can yre uce the rate of

metal hydeidemp e edrder grises may inslugde ingrtigdsdeanstonpzobbaigases such as nitrogen
fi
o). o s KRR R TRt P i BT rmen gt gra

ammoxha/mnggeamaﬁg)odhey\@auaﬁggaségs and/ or non-hydride
deconposi tion products. For exanple, if thechen cal

Exempld2d B8 0f the metal hydride is MkHy (where x = 1 or
—‘EWD‘{Fg’LaTTd 2x + 2) deconpositi on products may
| ower | hydr|des havi a fornula of
[0038], lg;%ﬁﬁg‘zs emﬁg 4 Scﬂ%n%ﬂc qf@rsgyte f@&awbﬁng deeeenhe
contairfig ﬁhtem(ﬂr 4R8 ab ?netta[l 'h‘%ﬁé’&ea&:g‘f ’entl %ﬁ 9‘% lifVeRfon.
products may i ncl ude’nonosi | ane di si |l ane

The Syf(thZIQe)naty ih0l086% sGun¢ 302 ofistartieg hydhhgemcdmtmmqgtmatémirthat
€ Causes i

and the startin al hydr] urlt est
imetude? B G frofs BRI oLy IRpty P50 et St 308
containls Hlﬁeslﬁlriﬂw atdria® S06BYhé skt frayVaeier Ve co?ﬁﬂo‘ﬁéﬁ%@ €Pactivate

drocarbons, etc., anong other types of inpurities.

the pur hes ynatesipl By beatingdp @n@chvagm termparaturehigdy. i abest 100aC tramere,
about I%Og’beoartﬁore el“t'cn? il a 8ry ah ospheret Oﬂlsesé Qgr{llpon%%tsdrgay 1ncﬂ1de adry
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
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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metal hydride. [0037] The starting netal hydride may

be stored prem xed with other fluid conponents (i.e.,
woelendsgases and/ or [iquids), or may be m xed PCT/0U82009044223

contacting (e.g., flow ng) t hrough the purifier

the purirSnit¥o4, RAGIP !htt staSQ iflg S¥erh B84 UdGIves in fluid
es , % thelr

carrier ga and C|ng
commuicetientwitt the ldewastd:am)mﬂm Bi2 omag beragb uste éndiram thehdry atmosphere

final application of the netal dr| The carfri
out of i SueH0 TR 1§ HieAPPUSLISE arPa LB PEP i Shngen
mater1ﬁ%td}héerlﬁﬂlejl8( N2), helium argon, krypton, etc. The
reducing gases may include hydrogen (FQ) and/ or

100401 7RRE: e i agsm PR G kL T o TR SDon SRRET nétibegy) he

systemS309L84) BOnFiglredUdt 4 pinificdivAsRge. nDﬁfith}ﬂé ﬁggdmal%s @b be
such as netal hydrides, accordi nbodi nents of
adJustqdﬁe allowy startingnhy nsg@taéwnswtw? pﬁbtil@: bpdregeyoeniainag?

matenzﬁ o&#cé‘%bi Wﬂ@%%‘a Qﬁé‘%@&féﬁﬁbﬂ%w taﬂﬁh%@%‘ r%{:/ Bgﬁﬁg%rr}ﬁ&tgﬁaﬁ%%.

mor e he Sys
Optionianyt |thd&nq;emﬂlliﬂefcbﬁﬂi‘olunilﬁ3 18GH4ayt ali&jmst ﬂmrtbm'pemtdra ef therpufifier

.material 306. The system may furth i nclu
mateﬂ%r,@ﬁé SHeRg deryrificationstase (G- ;%1ﬂ+5¥%l> eﬁﬁpa?wre pif the purifier

materiag %@E&xﬂﬂ 250ca) lé’s‘éi ' V%gé%%a% rﬁgﬁnﬁ L&tk Ec?th%fp&ﬁeda‘gﬂ% gen 00

nore, abou
contairabgromfenial eutlﬂ'g]ﬂlseiom’wmm nutbet rmg’z camc}btwuhellﬁbd sent to the

applicaigreoRpgnah ST aF OGRS J0eTl SRR @l br b SRelceko
compoﬁ&ﬁ 338 ‘ilndgblfléltlﬂ@ rfoﬂ’éida?np%) 4. sﬂ[c%ﬁ%ﬁﬂtax’ﬁl@@xhiﬁhﬁﬁlb@lf for forrnlng a

Sy stem 3 i ncl ude val ves and gas | ow condui t
sﬂlcontlﬁtmr on hlsuwtmumg ¢lfqrre¢al yapar deposb@ors Wi ha:mdielden&t@eai stogage

acI| t|o and ,a |f|c ion_ s
unit el h 3fbrdie i SRR GRILGTDS BleRirRP SscoRblch Bt (8 system
300 sogecnfbeamntpigted ity a stormenbedtidn R Poime oM. f1 ows into the
pur|f| er unit, which 1s being heated to the activation

[0041] %%gerrﬁlg H(? ﬁqag)f)ﬁ ecplgﬁ%ﬁ'g@ o ﬁ % ﬁluﬁﬁg‘% é{%&ﬁse%%gikgx%ég%-géﬁtﬁﬁfng
matenal rnuuﬁcitm&nfdrpmmﬁbhmammral idtﬁatmsmt Ierin-alty applicatignddef system 300,

) unped through a downstream out| et 312 onthe_purifi,
this capy AW %tmpurlg%? matesiaf {p B ierhary %{Jéeg.awaﬂ%@ Fpyrifishan N@&out
e
havmgstbf shiRadl4ep ¥ t‘ﬁ@%ghgelf Ilnh'ﬂefbi%l e gl%tp%tﬁ’ﬁig%ﬁil? 34 In additional

ownst ream out | et I rect
emboddngntatﬂmmmptfmr @nis 304 axﬁaytﬂes:osﬁguredmﬂﬁ)w aceewtt thé pmmﬁetrhmatenal

306 soﬁ]gz{% étr(i atbe SteR grggn % B% re% 6;8 Ey Bew pqnlrlﬁer m t%glglgen

EXPERIMENTAL

[0042] Experiments were conducted to measure composition changes in a specific
hydrogen-containing material: trisilane (Si3Hg) 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
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[0040] After the purifier material has been activated
(if an activation step is necessary) the system 300
woreapobeoeedNf i gured for a purification stage. DRCT/H§2009/044223
this stage, valves nay be adjusted to allow starting
rsilang {4 985 15 M 2R dESAd o B e Epis0 mace paine 2t o
chromdtbgraphy/mbisespectrostoBOAE@MISY hr ough the purifier
material 306. Optionally, the tenperature control unit

Moisture- 8ni8¥er 3 IS al RENIBINSLRLIHRtaPEethpe purifier

materfal 306 during the purificationh stage (e.g.

0043 350 §5R R 5 GRS L BB BB 6B st
sampleB ¥ $howedn FYE 40 OR GeRd It shBwEBL8S indhifsididetiBled td&ake samples of
downstreamoutl et 312 can optionally be sent to the

trisilang fieim & ectuse beitdadoRe Nhep e tisilatesamplasfareohixadtwith aitrogen (N>)

(for exa?mgllr %gueenl'f)f%%ftp g r%pq-’ré q\dg %.Eallllpfsclgtgﬁ&lg 6&1?8 e? ﬁ‘16 ntétrrg’ 25 glsal}/pphed by

nitroge@ Raiee #04. OPuIﬁﬁédlﬂrﬂﬁﬂaIfb satriplec@ipot BMS be gen@ate& b§ sératfif the sample
usi ng chem cal vapor deposition. The purified materi al

througly pieg Qfgeotsvrifigainatesial #pa- Theomagiéold Msworhﬁ,glur%e have

o P TR Wk RHER SRRV IOt RO AR S s o

impuritisi latelof use. [0041] System 300 nay be configured to
allow multiple cycles of hydrogen-containing nmateri al

[0044] PUAféd LRKI18R sﬁﬂ%lepéifﬂef ke B RIch 3L bfdsbdsahd Aitifidraterial, it
in-situ applications o system 300, this canh allow the

flows tpanalfsie equipment fat immpurities neshiaemens. aTh@mamfpié niabats ofay be

SR TR PN T
the moR€lft EbRB@!in SHAPIE NA RernhthiR 1 Whd Mbfifold Fil'hﬁves?%%' I%)éofi)ﬁfgured to

conflguredto al fow access to the purifier eri al
flow thg ggmpls inte gaswhmﬁatwa@dpwesMIO@w@r(nmeqbpwb@ 1pgaspes fhe

relatwe%iﬁ&iﬂt?g dt??{laex{g d otl%xpﬁ'ﬁelyfoﬁpos 89 I%%L C‘Eg%%e 1so rt']ettlsélsﬂane n-

con 0 neasure Ion
tetrasllsxme encf)l Thb yahpRenayCihsh etidin ot GCNS forr acﬁlﬁti(ﬁﬁemé@u&xhents

after ex 0Ssi ngﬁsanpl es of the starti ng (?as to
in the &/%PSOQIS‘“@U pite Hie cxhash sestiog o8 theppanitolgtG.ng trisil ane
conposi tions, already about 99.999% pure, were passed

[0045] t Hnabegyéxhaustisteteom 4idt efithaanifelti hthe sdfples niay bo muo thirdughnsseries
ation te [

and/ different acti ratu es. |st re
of coldgips 12 focapfi® Brnfehrad artp meleray e fheicinse scrubber

414befb@é/bémg%ﬁtgdQﬂtvu"ftﬁ@ﬁ%&&acopy (CRDS) and comoar ed to
e nmorsture levels in the unpurified sanples, as well

Moistud ot ?er Conparisons in the | evels of additional
Tt thetrisilane sanples, including nono-,
di-, and tetrasilanes, were al so nmade usi n%\lgas
[0046] To prepare for the trisilane moisture measurements, purified N, is used to purge and
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
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



chr omat ogr aphy/ mass spectroscopy (GC-MS). Misture

Anal yzer & GC Gas Manifold Experinental Setup [0043] A
waehertost of the experinmental setup for nmeasuPCTS1008044223

impurity levels in trisilane sanples is shown in Fig.

. ld.. [ t
st R SIATBELE A8, O30 b 608 i
the scrutsber.t W}&nl@memﬂym lagesalso gerfarined, the trisiland fahqﬂdﬂ Vﬁ}?&);?]n pass
f wh f GC-MS an is of the .
througé i Lﬁﬂm befgs qte?@dﬁ%m%%ursﬁnﬂ?%q?oﬁ%é Saesnose is
cahbraf]e(a‘hsmpgui I(f bﬁrﬁ digilagd irﬁ{bﬁuﬁ*?srﬂ}ld%rcf" apor may be gener ated

by sendi ng the sanple through one or nore purifier

nater 406a- e nifold is also configured to
Dgﬁﬂ%é%élgE%gpFéigglgﬂaéﬂgngypass the purifier materials

O06a-b for conparative measurenents of the inpurities

[0048]| elked puriffep apdqrialy tested inclyded ithrae matsaiatst: elhéatﬁhmthpamd@
structu}eh (g\?é{QP alof{e)q Q]X(P ﬁi{?tfeiﬁlrn% r%ﬁlcg’tes kMF%relgfr?#egc;ébf Int %l{ylsomfs to
characffmmdspd:ai)awia& Mﬁﬁefﬁaﬁénb}edaﬁ@ Rritheifeedd sidich lgelwahd erysaallilesilicates
directing into a cavity ring down spectronmeter 408 to
are giva Tzt e?he nmoi sture content in the sanple.
Al ternatively, the manifold val ves may be configured
Table t:@ Hatapweristies sainpffieicnoy Data fgaSeledted BHicagir am mass
spectrometer (not shown) to neasure the relative

amount s of tri Matesiged and dt her MpterighBg (e Material C

Activatiopbemei[iChne — d5%i | Ane 409 solt etrasi#¥ne ntefrasil arfdo

W—E_t_gﬁf__lhgéamﬁﬂémw then ret uepstallingm + hel Goo MSTystafline
Surface AreA{h (Bhnal measurfhents if-the CRDS—or ma ow 440
. 4,

7J

nt s £l
Pore sizg AL (opnole oo 00 7 ol e 1A 410 T ho4Bl 1 nOthe

LA™ CATIAOPOT OO U T OUrl A=A LBLILAY oA T T LUy | B A | T

P haust_skett-on—410—of—thd—rranifof—the shrphes. ks
SlOz/AImtﬂ O.Lf.LaIQ).. ok 17. AEHEP PPN | - +1.,':\0.’,\,\ A1 D o 80 ':tQOO
HOCa 8 s N Tl Uuy.llll a pTIT1d ?@ Ul corada—traps =14 UL apt UISC
[fm]g&?ﬁﬁdfén%ab e waste|maféerialls and then pass through a

mﬂbngcrubber A14 before being|vented out of the nanifold

IbOemMQk§hM% and GC Analyéjps [[U046] 10 prepare[for thgopp
(H,O Sehsoi)Si | ane| noi sture neasurenents, purified Nis use

purge and dry-down the mani fold, and the nanifold

essure i s _maintained at apprOX|nater 1000 torr. The
[0049] prElzesMua@n@k Biwas already. mcwractvated vaméspm, the mapufzsager. oThe

vt 35, 451 105 T84 B2 LS PR Bt don

separateinianifioldoate diffedenolodatits. The activation treatment of the Material A includes
thermal activation at two different temperatures: 150 °C and 400 °C for 24 hrs in 1 slpm N,.
Moisture capacity and efficiency of the silica materials were measured using moisture sensors

on a separate manifold.

Experimental Results

[0050] As expected, not all silicon containing materials were ideal for trisilane purification.
Of the purifier materials tested, the Material A activated at 400 °C for 24 hours in 1 slpm of
N> appeared most effective at reducing moisture and tetrasilane levels in a trisilane vapor
stream. For Material A, the thermal activation above 150 °C enhanced moisture removal and
reduced decomposition of the trisilane. While not wishing to be bound to a particular theory

of how the thermal activation process works, it is believed heating these materials above 150
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[0047] During the neasurenents, the trisilane sanple
vapor travels through the manifold and either passes
W@ boodngle4s he purifier material, or bypasses i tPCIH82009/044223
trisilane sanple nay al so pass through the GC or
°C con@é{r.'?sar%gct}\}élsﬁalil&;éir-égﬁ %}ou%rs] dn Qﬁeagnﬂlc:{ §Ehl ¥na¥t&é(atlg1§1to le§shreactive
nmoi'st’ure anal'yzer. er ‘neasurenent s are taken in the
Si-O-Sivpiosipsir € anal yzer, the trisilane sanple vapor passes

to the scrubber. When GC anal yses are al so perforned,

t t £ LS4l : J :
L R Pk e R L R L U
atoms/B6° s sfonst®ni of taMabriat Adictisativg tempérapen Thesarhaure of Ri-OH

hel i ym st andar.d.. .Description of the Purifier, Materials
was bRt estiAs ORI Yhe eartbioN RS if AR PO 200
°C to abbit@ROTRL af {s¥efieve thhtGat SRON éxﬁullé’sﬁ‘éﬁdlw§ct5&ifﬂiﬁﬁe ‘Wi&ilane to

(Material A), and crystalline silicatés (Materials B &
form SEHy dsumepgstiyeni ireducthanddyderges igas sThusaprndedrgasingdthe density of the

. efficiency data faor the tested sil.ica gels and "
Si-OH Gyl off A it HeR studfoseREpkf HiefEnl kv g0 Gocd P gogomposition of
the tris{TAdy ROVAT dsSihtressed i ek bediRBIRYoPedpurind mSBhee tredle trisilane

Silicas: [0049] The Material B was already in an
vapor. gcti vated state fromthe manufacturer. The Material C

was activated at 400 OC or 24 hours in 1 slpm N2 prior
[0052]t OAhdtRerax@eivie BPEUiSs reseht Baparyaikisilampukifleflmaterials is aluminum

di fferent, | ocation., The activation treatnent of the | .
(AD), uw{lg OFSHITIAg iuh@pgggg f‘trﬁ’eﬁsr?&‘llmlé‘ét(ﬂﬂg)(ﬁ' olﬁlugpng%s very reactive with
e b BB Y GEREIAM B Supl SO EHAIE g ! A0y
has beepi showa torde@mimlss siveres andalkylr skiness i Thypsnthe srisilaee pemation

on a .separate,manifol d.. Experi nent , fs.[ 0050 )
results SRpCaIRe Fompsed Mip (e Tty SBeHEa Ok SIGe Rk} om0 Gie.
the Si0,9€80; fa;%) i the bhﬁﬂ@aﬁﬁwﬂw&é&@t ivHleridPiA hdEa mlghisﬁdzgrglzg&mﬁo of

materials tested, the Material A activated at

about 128p0,2uhileoMeteriahB 1% €) lpdh substattiadly pexseredd Omgd 1O phties: (lihe dMaterial
i . i ' ) tetrasi i
B had {ab A HRART OBl el B 2R SR her e

activation above 150 C enhanced nvoi sture renoval and
Resulty ofthe Moivuedholengs bestof the trisilane. Wile not
W shing to be bound to a particular theory of how the

[0053]t hé&s netkbd aledviey fici capadtiescd sise eManksed purifies masdriaks/@ele measured

. ting these material s gbove 150C converts reactive,
using a;% aReT Hg"%icﬁéi%r{ga erbbgipnb 2 IH{BE & ML S5PeraHE- e Matgriad A

i Q00® : :
iU ER SR NE: SRS 219 00 LRI B pLL
The sage dMaseridl iAnactivated 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.

[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

material was about 6500 ppb. When the trisilane sample was instead flowed through the
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atons/ nn2) as a function of the Material A activation
tenperature. The anobunt of Si-OH was observed to
waelewpa#awds si gnificantly when the activation teP@QEUSI009/¢14223
is set fromabout 200 OC to about 400 C. It is
-hel | t bhe Sl - . W | e
Materigheh st 4 3bp LMY ROk ol B8 okl goltissoo
ppb to blyslit 6§ @pb Gathe plkifisd tiylage streaas ian gvédi@Odfelisietyctivh. tHig 6 shows
. Si-CH grou%s on the purifier surface, through_t erq‘al
the timg p{qt $pgciegOT MeRs YaRO% JOBCHBRY AP 8¥51ta FRleT unpBrifieq Wistlapeeand
ifie@ frislfhd pASinkMof Barsd MeferAYAL | @bl e for capturing
putt lem)llst ur% ?lﬁlgtﬁg ??lﬁ%ﬁrcane vaporr. 0052] Anot her
reactive species present in many trisilane purifier
Mis al um num (Al), usually occurring in
oxi di zed formas alumna (Al G3) . Alumnumis very
[0056] r eAe notod ab@vichthsiwaderecopernpration & e deatgurgyuisdaaewas

oprrJSFSBSHE 3 16 S RER S AT ST gy e

flowedShiloapke the Mhtefial B parifier, el vaaier qncértiaciah depped sddbionit 960 pb,
al so conpared with the relative amounts of silica

over any adepgf megnifudedlepiegsainp thg)water apor ¢qpgerdrationa| 203 r at i o)
in the purification material. Material A had a high
S. OPitedia2 3 rati o of about 12000, while Material B & C
had substantially |lower SiQ2: A 2C3 ratios: The

[0057] VB &hg 8lsolBcd B8R frOm WatBORH Tl Bas, 3RAWMRE ShdRlcofcei@Btion in
a ratto of about 800-1000. Results of the Misture

the unpOnifiietl epgsolies ssmpROEB]appoxiately M ppb, asttheasurmdau iatsample that

by pasgd et it g B S B IREet aerae ai 82 e
water VABOESoREtratibh @ctMBll £ ircAdasdd t@“ﬂ%biﬂ(ﬁhﬁﬁ’c_e@tm@@ p6. had the
| owest capacity at 2.79 L H2O per liter of purifier

i The same Material A activated at 150 C
GC-M ol é : I%}SLRS acity at 9.1 1 L/L and the Material C
had a capacity of about 5.0 L/L. The capacity of
[0058] vehet fragifane thak brinssedehe pril g anaterg svas axbla ke e GFC and the
I e £
rosultir: oo OBnP TR £, Tnllcltof A ¥ 1Rl Bcok B9l
trisilant/h Odlrerr ahputitic306&G¢ idenéd fiedbe retedivndime aitd molecwulat veight. Peaks 1,
ej’iI/Burher trisilane vapor that bypassed the purifier
Flrthe A qatoRERR CoBETNG SONERNG Res RS d5q- asiLaafypd v
tetrasil¥y@s ré&ﬁ@&ﬁ‘f@ﬂh fHeanesl ahda arafilokrlYaBatddedn Alidfdiohah&fs 810 ppm
400 C, the water vapor inmpurity concentration dropped
disilan¢ inolle 6t80dard, the trisilane contained about 27.5 ppm of monosilane and 191 ppm of
disilane. 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
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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ppb to about 35 ppb in the purified trisilane stream
an over 100-fold reduction. Fig. 6 shows the tine plot

WG p@ote@4df wat er vapor concentrati on over a CRCIT/ES2909/044223
unpurified trisilane and purified trisilane passing

t hrough t heg—acti thS‘f‘fl-I Veterialr A 2o Metert at T8 [00?5&

neat/ pure tqi sit-arrizl b when

As noted ahb t-er—eongentrattrph—t+n—the
r et olQIUQ: 00 25
I

a
€
i
|

24 X¢ nn
bypassi ng tthe puri Sidk npt e \/\hgg-llsgp t rrc.i ane —

was then fllowed tHr¥dh the Miterial 08lpurifier, tha.?

wat er concentr ati @sSigidepped t o about0.600 ppb, |over arl

order of magnitude decrease in the water vapor
concentration. 3. Material C [0057] Using a source of
tle M3 & fr om Mat heson Tri-Gas, the water vapor
concentration in the unpurified neat source sanple was
[0059] apBEaMB mmpetity Y sgpierealoneren srisilese samessthatpassddithtouply

RS0 AT B b R LAl Gl
trisilan€ @ﬁﬁﬁl%%b@s‘s&&ﬂué\@%ﬁé hotivaRANRR AL A ShARRS X SiBLiehialEhe
ppb. - M5 Experinental Results [0058] Neat trisilane

iso-tetrasitanc pyp adeteasilanewpureifoved. ibe aalysis alexsindivated acdight/increase in

e cork e A e VS QBT R Sl

disilané Frofi ALRAE25 PR ko ABEUbES beH. TRER iheteidel fih 8fdnbYand disilane were
retention tinme and nol ecul ar wei ght. Peaks 1

3, 6,
believedigl by caysed freparh by Hstdsgeranesiaon eldpahr stlencséinelidingrtasilane) that

e e . : | _ .
may 1 S 85 SRS SPLH 2R AUPURSHIERE, 0% g grp hoving
the concantrdtioatchages s varipud ithPuiits foi gisllanesaiplddahatttapaaed or passed
the trisilane contained about 27. 5 ppm of nonosil ane
through Maf@fiﬁ gopnrgfier dharmalin activetrd 2488 eht r ati ons of the
sil oxanes, iso-tetrasilane, and n-tetrasil ane were
[0060] e_sAicnmipedtiV@tebEw&s &so gerformaddo Mmedsyppthelesienigofidesvatame

di sil ape.cali.pratio andard. I.trisi.lane s
temperfiyi ot B8 iGBPEOURIS De VBT bt Materieh &' Rlivaps g o0 for 24
hours ih TRYTh bt &S ged¥dfbd Blrgdr dofiédraBoS O R éhdsTI B (Nﬁélﬁ%ﬁl%ely 4500

Tri-Gas showed higher inpurity |evels, which were
ppm) ahé disdersi(approgématply 12¢¥)0 ppnoftharsthe Materiil doagiygtediap higher

over &ine. Table sunmmari zes .t ' nity |evel
remperfiUEL, sy By ol Bt PR Al S e,
tetrasilhig belokythe @l 8f ddtections iThakempatisoul oF g ek sh D400 °C

Response Factor of 10 ppm )
temperature activated Material A support the theory that more of the Si-OH groups are

==

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
monosilane (approximately 100 ppm), disilane (approximately 500 ppm), as well as
converting the trisilane 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

14
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Disilane Standardl. Material A [0059] GC-MS inpurity
anal yses were done on trisilane sanples that passed

wo broonge4dvat eri al A activated at 400 C for 24 POUDS20091044223
1 sl pm N2. The GC-Ms analysis of the trisilane sanples

that Alf??é@taafﬂ e 13%)%115% Peeaf: c:et %ﬂégg glgetcl}\c/%tég(lgsgﬁb §ﬁ§ anvyor §1ﬁat) These
reactiv® sil eI dnd8d0ES sigRITRYRY acbBRraAd Ble)iRtSmpdsstor aidi av&sion of
a slight increase in the concentration of nonosil ane

trisilang teathameamporndy psluding bigher silangplike I&N@t@ﬁllmcﬁé@@éﬂw, and
ane.\ f These
pentam?fc{rr% r(glé éz& 'i"ﬁg}a%it& 1502%&83%%: 5% n—"fl&v\%ré{é %Iséégg%n}tﬂg
chrom#tégramds il 12, nﬁiictauhg thib eead@@ORMOS sdlécdine Of hi gher sil anes
(including trisilane) that may have come into contact
groups on the silica gel. Fig. 8 is a graph
g%%g%ﬁ%ﬂﬁig concentration changes in various
t . I I b d
100621, AR GHiLIRRTiod P FOON Jorh ot B tepmR e ot Senerated
signifi@at élﬂ&irﬁﬁjoﬁﬁwf}&@laﬁé (Jp?gﬁ%atélyclq hHtahd QisiIaRd (PP xahaely

performed to neasure the ef ect activation
1400 ppayre veellassome highsr imabesular yeighy gnsuﬂitms (aprreximatelyn400 ppm).
Material A activated at 150 C for 24 hours in 1 slpm

PurifiePConditigigngmasted | arger concentrations of nonosilane
(approxi mately 4500 ppn) and disilane (approxi nately

[0063] 125,089 1?18 %ncﬁiﬁgﬂné ttl%t, %Sﬁ %@%ﬁo@nﬁ‘f&l#’ \ﬁ?tnﬁgut%g {A}'ng%etgsilane to
t enpérature. wever, e enperature activate
condititvah dlaterdial A ﬁhﬁ@erraeﬁ”ﬁatectiattm “CetTirsehperatirdef thesilioe gel purifier
. level of detecti i son_of .the 150 C and,
remamﬂ‘g@t TROMdRRr At fé}é‘? 11‘%?%01%9? spndifioning 8Py Cqrgarision,

i SRR R R A ORI i
for moxtehai bhalf alf h@ir- Oropgahis sinedt, the0daBialr @ putifisr dontihemslyothemically

absorbig iR E RO Tk A 1 o 00Y B e

MeanwhEESthe @éh%e@&tﬁfé Jﬁh@i)&rﬁﬁe‘illﬁé%e&\ﬁ%& fobm/\@fmperahRs @«ﬂ)phﬁ(lmately
the Material B. This naterial deconposed tphe trisilane

25 °C) twakaiug AP FCc dihe temprupiute lccremnoélpataﬁ&la( thoMasaiakd? &l qbsorbmg

st SRR SRRSO PRy 28 46 i

matenaﬂmn@belﬁgtr@hyveaoo ppnm) and n-tetrasil ane
(approxi mately 700 ppm), and higher nol ecul ar wei ght

Expern',mn f$ﬁdn%§n( approximately 400 ppn). Material B had the
est concentrations of alum numof all the purifier

s, tested.
[0064] rTHlt"a(f)lie ? Lelow summarizes the performance results for three purifier materials

analyze in these experiments.

Table 3: Surhmarv 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 27 N/A N/A
(atom/nm®)
Capacity Data in Good Good N/A Good
N;
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Thus,

the extent of trisilane deconposition and

conversion to higher silanes supports the ideathat Al

w@k@yg4@mss ol e in formng reactive sil ane speci BGI/US2009/044223
(possibly Si H3 and/or Si H3*).

These reacti ve sil ane

EfficientPDia Al poMfﬁaé S R T A R A,
OMPOSi dob Akb tRABEEL § BRRES %09;m%&&§h|@ﬂ§ to other

T”S“a“éorrpoundspmﬁgﬂcl udi ngsppoher| wifianes 1 i Ig@oo pb

i so-t et rlasod gBe, n-|tuebugRsi ||283en ppand pemﬁaghhama

( Si 5H12)| throtighe r at i|@uiiffer,i sd-thredghasi | anéoa b through

n-t et ragityaas. obser|\wed pph t|He-pessr omat ogy-ams.i s 1: 2,

i ndi catilng this readtrpush i s not sel ectlive. 3. Material

C rnnnm Thp I\/hf er il Ry-pess. n||r| fier remved about 9%5% of
Decompopiion; ot r|43p °°t§ten ridfdesgni 1 iR dddunt s of

nonosi | arﬂgmg OXI AR 15} oy and p@TO% af’%ne

(appr oxi|ng 40( aAsyiElel 08¢ 9@ her

mol ecul arRew.géat I rrﬁ&ﬁént.i es AP PT OXI mtﬂf@b éf%lghppn) :

Purifier| dgggndi tioniingmdrst g AQRRE, U |M\g1 Bities.

condi t i dnéaglahest , |i100% GOK |appy i Hight ¢lR¢mak ~Mivaut es

for neat| 35%ioshiblane |tiaraglomeli [tN@impuribitst € rof @drasifangur i f i er

acti vat edMWtimp@fiesC.] The tenperature off the silica gel
Effectopuri f i er| AtdpiCned JtAtA@EN tienpeNat ure |f or ¥Me durati on
Activatigf Teme g4 oni ng stass&. By conpari sijon, anot hel
on decoppesifiop crﬁ‘ﬂ et est WalBi49er f gr ned by exposi ng neat

trisilard®PBHss vat| dFREP IC jpurifier for nore than hal f

an hour. ﬁﬁ;&hlva?‘WEn the Material C purifier

cont i nuc% hem cqggog absorbed trisilane and the
Effect ofAY> T T Cal ﬁHA Tat 070 gohn ST T APV APOT Al [60Wppin AT OUgh
concentta®iSn HHT i|f i er.  Meanwhiibdc., t e b&ITRES 0Bt UlcgncQfacbhe
decomppitianf | €r| i ncr eased |fidun@ditieddm t @FAET at UlhBm of

(approxijmately 25 0@ higher aboudirasiieheC& TheratilemEp&r atf ur e

i ncreasq indicates |tMWt theg MiglerM&M ChiggerdB¥or bil ng

trisilarne, and may |ah&wtiesxql wpwitiﬁhgerm ApupiEgsaerey apor

appears [to be enitt{&rempPlom|t hioksepati fij bt eri al than

s—beineg 'enrD\vIed E'\p Wp‘iml t-al—Summerv- 00641 Table 3
rempe el S ;rﬁ?@ s, Lgeleyt ormne T esul Ll
2‘;‘;5’;;‘ to°§ mEr Pur i f| G@kdyon Rerformance ?Q(;oc%st ed
TrisilandBt eri al|s|[ 0065] The teridl A purifier activated at

400 C showed the best pertormance of all

the trisilane
[0065] P ufﬁef Mﬁferlgp}@ﬁlhﬁlasa&ﬁ%eﬂ dy 4(%“C edot;rxe B&EE ggltfgﬁ‘ﬁance of all the
purifier are also suirtable ftor reducing

trisilanepiisfierrmatanal s tdsteely batmanyi dfiths othar puri fidr heateridoark alselsaltable for

t hat, are accept.able for nm m)&¥ el ectronic a
reducinggpisQHGRE SPCT B8 TAORED el SR pamany
moderrSé1bétfchi 9% Bsemiconductor fabrication applications. For example, silica gels
activated at lJower 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]

were more concentrated in aluminum (as reflected by a lower Si0;:Al,05 ratio) tended to

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

decompose the trisilane to a greater extent. Those with higher SiO,:Al,O3 ratios were more

inert to trisilane. As noted above, the selection of a trisilane purifier material may depend on
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activated at |ower tenperatures (e.g., 150 0C) and the
Material B purifier may be used in applications were

WOorRi0stigeds r educti on is nore inmportant than i NCPEEES09/044223
| evel s of | ower silanes (e.g., nonosil ane and

o B FEER 8 B PR v

lower B oLRABERRE bid BérdaBedlleWT BEIBWeRSildnes.| ected by a | ower
SiO A 2@8 ratio) tended to deconpose the trisilane to

[0067] aelgéaﬁ% rgéesc?ﬂééec? Fetvte%a]-tgl?lf)gclhweﬁqﬁ R Kgﬁ %e trgggrb ed e?t}[oﬁé bPskill in the

art thaﬁelmeui modifiehtiens! alt@hhthreopsthictibay, afdhequivabntsmay be peetiwithout
the ultinate end use of the trisilane, €nd t he

departipg i the sPA & FeanyeiaB.o Aidiionaibb aruiibeh af Vgl wmpwpaFocesses

t
ot AR5 g M2 R0 O AR WBNELS] o i e prescr
inventioh. Wictérdingly, ¢leogoive desdoiptiom sismldhotdleithkenias lllnhtangt}te scope of
that various nodifications, alternative constructions,
the mVS‘i%oneqw val ents may be used wi t hout departing fromt he
spirit of the invention. Additionally, a nunber of
[0068]meWhetqmng@9ﬁwé@®es provitled) i freunderstroddhateactbinggrvening value, to

e off5 Bt e o5 bR B PGS LR SR 58 ervcn

the upfbe 86d 1d¥er BithifshdhA rﬁgg‘e iD8lsé speRificaly Histlobdd) FEdchenfllen@nge
of the invention. 68] Were a range of values is

betweqara@v istéad] valye @rsln@h‘@éﬂ@t‘@bt? intatedi@ngs mdearrweﬂhﬁg;tated or
1nterve¥1§1gl'{%lue 1 tﬁzﬂ @ta%e% %H% olfS eh{b%}gﬂéetd qfhetl%? a‘fl\ﬁqf)wgf lggntts of these

ess the con ear Ctates Other Wi S8,
smallet aagesrpsy indeperidendy bé inﬂhﬂsd of exchaled ﬁmﬂgeam@, ahdeach range

specifically di closed |1 er range, between an
where g%feﬁrézfﬂﬁaq ijé’%l? e é%%ﬁhua@jr Wégaém? kréa%aeafseajsq %@@pa!se
within gt{bgtne iofl fffiect {(g?%]r)?'gs Qélﬁbﬂgﬁgx\é bAEmith4Re ét?teﬁ &lge. Where the

range’i s asse e upper and [ ower
stated tange irsludfs oiesebatimaf the dinritsnpagesnaxyg ludigegithedenbdtl obthose
. i ncl yded cIu ed in the range, and each range
includ érP’éS%rl ta%grmc 5% her or both linits are included in

the smaller ranges is al so enconpassed within the
[0069]i né&ensaddisrein ang vcthe appendyd clowes, thecringulardeunsitéd"an]' rangd "the"

include oﬁlurali] a{] eu%%ers? cionyc\g}f %leariy 1ctsa& é))%(lgqr\a/?frg%hu? %l uedx%rsnlple

e

referenb@td'l"d)ﬁro&d@@'sﬁlcluﬂéi agreality of §Lﬁ:h§ﬁ&:e§de§ and fEﬂ:ﬂéﬁ&ﬂto "the punﬁer"
[0069] As used herein and in the appended cl ai ns,
includesjrafgranse o openey mepe purifigrs ang gguivelgats theseqfkae v to ,tlggse skllled in

the art, aﬁﬁ%?&r&? unl ess the context clearly dictat es
erw se. Thus, for exanple, reference to "a process”

[0070]t gglsgg g&?\r&: ?érggllpll‘ltsg Qc];on?}gjr?sl?ng?r %ﬁ&ﬁg e$ "1?12191d1rneg]: earn(an %necludes
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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[y

i ncludes reference to one or nore purifiers and
equi val ents thereof known to those skilled in the art,
w&mﬂ)%amﬁ@rth. [ 0070] Al so, t he words "corrpri SRCT/US2009/044223
conprising," "include," "including,"” and "incl udes”
WH”V\fse f.this specification and in the fol I ow ng
Cl dleﬂb dre |ntended to specify the presence of stated
features, integers, conponents, or steps, but they do
not prlec | ude ntetfeoduigseifiiag o hydwden-tanaioinganatedal, tho meethod
Of her feat I ntegers, conponents, steps, acts, or
compnﬁ]ln&}%‘s WﬁA#II S CLAIMED IS: L A nethod of purifying a
hydr oggsige gta%&iffégnﬁ?érﬁ[ b(ﬁhprlstiﬁgemﬁ@c{ hod conpri sing
the steps o roviding a purifier material conpri si ng
S| | i cdeatirgathie ﬁglcahetemneratlae@tf abani80 8€ wr enoné inabduytatmogphere
to fo tthDrie in a dry atnosphere to form activated
m&?ﬁ’iég gé:?i’tactl ng the activated silica with a

start loﬁﬁtabﬁ’ﬂ% D@0t eet dlicd With ABtaetingdhydrodtal @inthitifg material,
activated silica reduces a concentration of one or

whereipeeactivpiad siliga reduses meonseniration gt RyIPOGers sl fipmdhe startmg

oS85 nd Bl T R R L0050 SONRRLAG, o whern
the activeredjliea doédmotpidtorhpesd tiyslrifgpdhydpeaicontaminpinaterial. .
2. The nethod of claim1, wherein the si I ica is heated

at a tenper e 0 out 150 C o in a_ dr
at mospher e iy ?}P%Il Pﬁgalgbh Wharein ths ifieas heated LA frmpetore of
about 130 ¢! G ek in YRS Shidshiige Wﬂhﬂgﬁ@a&ﬁ’fﬁfe@'sﬂicgg materi al

conprises one or nore Goup I'll, 1V, or V elenents. 4.
The nethod of claim3, wherein the hydrogen-containing
mat er i3al cofhsrmetbed ohdaior 1iwheseiatony dregaseconthining magéreal

consi n n,.carbon, nitrogen, alum num
Compng?ﬁ‘? é)ﬁ,moﬁﬁgé ﬁg{‘lgdy? Ieileirlbefﬂt ger mani um arseni c,
indium tin, antinony, thaI lium |ead, and bismuth. 5.
The et hod THe méthdbdoBelainh g whdteibhite Inydio ggredontafing ntdrthl
material co rlsestvvo or nore different Goup Il
compriseg ongor nage atostsslectsd fimm theegrpepicassisting phbaron,gagha; pitrogen,

aluminhﬂl? silﬁxgl{, %ﬂS%h%fHHs,aéJih\ﬂﬁ, g@fngfnluﬂl, arsenic, indium, tin, antimony,

thallium, lead, and bismuth.

5. The method of claim 3, wherein the hydrogen-containing material

comprises two or more different Group III, IV, or V elements.

6. The method of claim 1, wherein the hydrogen-containing 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.

9. The method of claim 8, wherein the silicon hydride comprises trisilane.
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conprises one or nore silicon hydrides. 7. The nethod
of claim6, wherein the silicon hydride conprises a
w@oloydideston hydride with a fornmula SixHy, wheP@&I/nS20091044223

2 or nore, and y = 2x + 2. 8. The nethod of claim®6,

wherein the silicon hydride conprises disilane,

trisiliane,

of ol athy 5 THEAAR Bainf [, PRACAIC BAG s Reatk I TRIpRAtre
ﬁmnabmnss®aﬁa>ﬂ&nﬁlb@°@ethod of claim1, wherein the

silicais heated to a tenperature fromabout 150 Cto

DUt 490 06 o DEEh el g ASEE) DS o

about g€ orktore.The nethod of claim 1, wherein the silica is
heated to a tenperature of about 400 OC to about 600
C. 13. The nmethod of claim1l, wherein the silica
conprilges diheimethedpf claim 1,Tweerer theodliest is bpatpdriora temperature of

about4\6‘a%be[0 Lheptpp of providing the purifier material
r|S|ng Silica conprises selecting a silica having

aS|02 Al 20 nol e ratio greater than 1000. 15. The
met hod3of @ }mimethod ohdaiei h wineein ipusilicayconoprzes siisa gel.
wat er vapor. . The nmethod of claim15, wherein the

Vapor 18 oncéﬂterrg‘f Pt ofiSp it i re pETefidl & pppice

materw[f%&ﬂ@ﬂsﬁé sfcakfnpasesWBRESA D §il8a RAVIA 4 §D,:A1,05 mole ratio greater
hydr ogen-contai ni ng material has a water vapor

than 1@@ncentrati on of about 50 ppb or |ess. 18. The net hod
of claim1, wherein the inpurity is selected fromthe

group 4 gons'ﬁ} 'ngegfhé’% f]é/lgrrr?fa\{d?e?&ﬁ’thestlllqufﬁ}ggng%sea wager vapor.

ger noxanes erﬁbxanes
cIa|n11 wherein the impurity conprises a
decongdaési t i'The metholdiof claiin t ﬁhavl’ﬂ:ydn dgepurifed thydrogen-containing
.material. 20. The nethod claim 1, wherein the
materwﬁlﬁm Paler VPRSI GoRERNITAtinR, P@%N“éh EPHIHESS f or mul a Si xHy,
wherein x = 2 or nore, and y = 2x + 2. 21. The nethod

lof clt ai7m 1, THehREBbM ot Q18intl L ¥, vRiIEIS RRES R fTed Bt 028 R-cBhtaining
eas

material has a water vapor concentration of about 50 ppb or less.

18.  The method of claim 1, wherein the impurity is selected from the

group consisting of hydrocarbons, siloxanes, germoxanes, and silyl-germoxanes.

19.  The method of claim 1, wherein the impurity comprises a

decomposition product of the hydrogen-containing material.

20.  The method of claim 1, wherein the impurity comprises a polysilane

with a formula SisHy, wherein x = 2 or more, and y = 2x + 2.

21.  The method of claim 1, wherein the dry atmosphere comprises at least

one inert gas.

22.  The method of claim 21, wherein the inert gas comprises nitrogen (N»),

helium (He), or argon (Ar).
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one inert gas. 22. The nethod of claim 21, wherein the
i nert gas conprises nitrogen (N2), helium (He), or
W@ e@on40eA¥ ) . 23. The nethod of claim1l, wherei nPETES2H09/044223
at nosphere conprises at |east one reducing gas. 24.
The met hod of claim 23, wherein the reducing gas

conpr ises r . i .
rothod o o faEt b Blint, Ry %‘??ﬁ*l%%%?&% %?’ﬁ’g“ses at least

one redingrdagl is carried through the activated silica by a
carrier gas conprising nol ecul ar hydrogen (H2), helium

He) , Ar It N2). . 26.. Th t hod of
1 m2 Saneandieft et I8 ehsten thesediing g B Ddrogen

(Hz)orpiﬁErhSﬁiSQNH?ﬁ tenperature of about 25 OC or | ess when
the activat'ed silica is contacted with the starting

hydr ogen-contai ning material. 21. A nethod of reducing_ .
i mpur i25i es The method of elpimal, wheteindle hydsegenseangaining material is

. ri si ng:. provi.dj L fier ri | Si
caried SR W P 124 B But g SR e FRT LSRRI
helium¥@IRY)ar A agtdged (N)e purifier material with the

pol y-netal hydride, wherein the purifier materi al

reduces a cgncentration of hjgher nmetal hydrides that
have agr eajflé"rmﬁi}ﬂiéfd@fm e rel&tt%%ctwﬁﬁa Sﬁ’r?é 1s cooled to a

pwiﬁc%&ﬁt’gﬁ&?ﬁm@ ¥R 2528 or 1126 wieh BB aed &1t &'oontacted with the

e purifier material al so reduces a
starting bydregdrr aintaningfmdtever netal hydri des that have a
smal | er nunber of netal atons than the poly-netal

hydri 29, T hod.of. cl ai.m 27 i.n th
oty ik ol Ao e R B Ry aRfs e method
compridRigal s. 30. The nethod of claim 27, wherein the

pol'y-nmetal hydride conprises carbon, nitrogen, or both
car borpravidingia pusifien material wrapnBeshglicatndhaying 23102:AL0; mole

ratio glygfalt%; ﬁ{.aﬂ lbb& d?ﬁl y-netal hydride conprises a
contacting the purifier material with the poly-metal hydride, wherein the
purifier material reduces a concentration of higher metal hydrides that have a greater number

of metal atoms than the poly-metal hydride.

28.  The method of claim 27, wherein the purifier material also reduces a
concentration of lower metal hydrides that have a smaller number of metal atoms than the

poly-metal hydride.

29.  The method of claim 27, wherein the poly-metal hydride comprises

two or more different metals.

30.  The method of claim 27, wherein the poly-metal hydride comprises

carbon, nitrogen, or both carbon and nitrogen.

31.  The method of claim 27, wherein the poly-metal hydride comprises a
polysilane having a formula of M,Hy, wherein x = 2 or more, and y = 2x + 2, and the higher

metal hydride has a formula of My+,Hy+, where z =1 or more.
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pol ysil ane having a forrmula of MkHy, wherein x = 2 or
nore, and y = 2x + 2, and the higher netal hydride has
w@2Goonsmekdn of Mk+zHy+2z where z = 1 or nore. 32PCTH82009/044223
met hod of claim 27, wherein the poly-netal hydride
conprises trisilane and the higher netal hydride
conpri;ses tHetraAS : ) kB e, :
wher ei32' puri i@hﬁ%ﬁl?l?%?ﬁ?ﬁgé@?@ﬁ gn&gd : %ﬁé&rar?pglses
trisilane hndithe tight? @@fal duydride enmBibes Firasilmehod of cl ai m 27,
wherein the purifier material conprises silica gel.

35. T nmet.hod lai.m 2 erein.the purifier ..

i er £ 1 i anthed aftiFai A e E p i Tpl gEE R sipanos
mole 4 F-abd& 126068 ofBiokod of claim 27, wherein the purifier
material is heated at a tenperature of about 400 C or
nmore. 37. The nmethod of claim27, wherein the silica L
i s hedded tlheanethorharl eleigr &7.mhsrsinBsupurificn matarigl geypppises silica
400 C. 38. The nethod of claim 27, wherein the silica
is heated to a tenperature of about 600 C or nore. 39.
The nmethod of claim27, wherein the silica is heated
to a tBénperBEteunahod obdlaint 27 6thein theghwifter 6001 is4@ated at

The @hod@kﬁgl aim 27, wherein the purifier material
temperplugg plaooyt M PEt% on of water in the netal hydride

to about 1 ppmor less. 4 1. The nethod of claim 27,

wher ei3g. t hereuhthd®of SBRGHED T, AVhok &A UfeSurict aaea il sHeh@H at a

of water in the netal hydride to about 50 ppb or Iess.
tempertpre ¢ abouhHl) € ormetei ng i npurities in a poly-netal

hydri de, the nethod conprising: providing a purifier

materi@al ¢ ri si ' Sk CP-

ol o it o RaRhbPeRlt 3 AR CIR MG Ph el mperature
from alpauti1 60 € toab@rti4@d °Gi t h t he pol y-nmetal hydride, wherein

the purifier material reduces formation of higher

met al drides tha ve reat.er. nupber . of
3@./ "Hie metho op aalm ,%vhereln the sﬂrlléoa is heated to a temperature

of about 600 °C or more.

gel.

39.  The method of claim 27, wherein the silica is heated to a temperature
of about 400 °C to about 600 °C.

40.  The method of claim 27, wherein the purifier material reduces a

concentration of water in the metal hydride to about 1 ppm or less.

41.  The method of claim 27, wherein the purifier material reduces a

concentration of water in the metal hydride to about 50 ppb or less.

42. A method of reducing impurities in a poly-metal hydride, the method
comprising:

providing a purifier material comprising silica and having a Si0;:Al,03; mole
ratio greater than 1000; and

contacting the purifier material with the poly-metal hydride, wherein the
purifier material reduces formation of higher metal hydrides that have a greater number of

metal atoms than the poly-metal hydride.
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netal atons than the poly-netal hydride.43. The net hod
of claim42, wherein the purifier material also
w0 eaaew4m concentration of |ower netal hydri deGT/URAD9/044223
have a small er nunber of netal atons than the
pol y-netal hydride. 44. The method of claim42,
wherei,p th [ ' re s
Corbi 1At i on it Bk 43 SR uRisRrigRt Rl aldRduces o
concent@ifiiort dfioakr Metalhydrides danhag: Soedlee aumbér ofAnayisitens than the
generate purified hydrogen-containing nmaterial, the
pOlY'm§§?}sh§}ﬁd@onpri sing: a source of starting
hydr ogen- contai ni ng material conprising one or nore
| Mpur gy rHRURdthdEEF MRk 47 WHRE:F tHahi S imedd] 95 dds i formed
wherein the activated silica is formed by heafing the
by the sirhbioatidnoofahe potpenctelirydridé wathame ot 0@ rCadditional eeital cntaining
dry at nosphere; and an outl et downstreamfromthe
purifier unit to release the purified
hydr ogencontai ning material fromthe purifier unit,
wher eigs, t hey pyskdnh tegerayass ?gﬁ[edqgﬂtcageﬁidagtaifﬁﬁgfﬂa&lriahﬂ&
a reduced concentration of the one or nore inpurity.
systemggmpmp@gsyst em of cl ai m 45, wherein the

1 5 B L b GARP98  RE i

impurit¥; 47. The system of claim46, wherein the silane
conprises, trisilane qr tetrasilane. 48, The system of,
cl ai ma4BUifighunigeomprsingagipvatedisdicn; whereip e AP icaris
formed fh thel Qi ca®l i t@thEhtutd SMbBuCfoosid 6:G8PreaR _an1’¥ atmosphere;
substrate. 49. The system of claim45, wherein the
and activated silica conprises silica gel. 50. The system
of claim45, wherein_the acti.xated siljca has a.Sj0O
" A e JARREHR LU PR Difpleact e pudfgl Rdrogen
contairr;'rﬁ’gsﬁlﬁighglf fr6th 3hdpddier MAR! RhéteinhBe paiifiadEhREoSdnl ddhdaihifig material
or me
has a reduced concentration of the one or more impurity.

species

46.  The system of claim 45, wherein the hydrogen-containing material

comprises a silane having a formula Si Hy, wherein x =2 or more, and y = 2x + 2.

47.  The system of claim 46, wherein the silane comprises trisilane or

tetrasilane.

48.  The system of claim 45, wherein the outlet is fluidly coupled to an

apparatus for epitaxial growth of silicon on a substrate.

49.  The system of claim 45, wherein the activated silica comprises silica

gel.

50. The system of claim 45, wherein the activated silica has a Si0,:AL03

mole ratio of about 12000 or more.

51.  The system of claim 45, wherein the activated silica is formed by

heating the silica to a temperature of about 600°C or more.
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heating the silica to a tenperature of about 6000C or
nore.52. The system of claim45, wherein the inpurity
w@orpniwes wat er vapor. 53. The system of cl ai PEHRS2009/044223
wherein the purified netal hydride has a water vapor
concentration of about 1 ppmor less. 54. The system

of clapmb5 [ u

o S S S SR 5 B PSS o
The system of claim45, wherein the inpurity conpri ses

t et r asi3l anélhe system of claim 52, wherein the purified metal hydride has a water

vapor concentration of about 1 ppm or less.

54.  The system of claim 52, wherein the purified trisilane has a water

vapor concentration of about 50 ppb or less.

55.  The system of claim 45, wherein the impurity comprises tetrasilane.
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