DEPCSI TI ON SYSTEMS, ALD SYSTEMS, CVD SYSTEMS, DEPOSI TI ON METHODS, ALD
METHODS AND CVD METHODS TECHNI CAL FI ELD [ 0001] Deposi ti on Systens,
atom c | ayer deposition (ALD) systens, chem cal vapor deposition

(CVD) syst itjon t hods, ALD net hods and CVD net hods.
BACKEROUND RSN S SHEME. AL SY $THME8 GV S S EMiSe GEERSIIOAMBTHEBS,
deposition of material s acraSs METHODS ANOUSYODMETHODS ate. A

sem conduct or substrate may be, for exanple, a nonocrystalline

silicon wafer, either alone, or in conbination with one or nore other
mat eri al s. THIBOBCAh&IEldposi ted materials may be conducti ve,

i nsul ati ve, em i The deposited. materials may be .

i ncor por at e[?talb%f on%%/&g#ﬁ ?H#Epw&%og\{cﬁ%&r 3?%%3”59%%@)&3’@@% ehpmipal vapor

i nt egr at ed depesititint(CVID) sysidinaglepbsitioremethpde ALBI resthedscald CYDpeneas.s,
insulative material electrically isolating electrical conponents from

one another, and wiring electrically connecting electrical conponents
to one anoBAEKGRPEUNYB4] ALD and CVD are two conmonly utilized

deposi tion @ebMOdntefRlie tifduRFDFHESD ri'l%g lﬁ%@l?%[)llﬂy) ﬁse%zotegﬁ%ilﬁdar\s?fsﬁaqerials

sequentially provided in a reaction ch: at "su
non- over | appiRg2tcrPmEenfuqiensuperatey Hsamisapdusiar stlbstaie mer bedeicsxayete, a

over a subsionatgstalibié biligdrBwaren ek @lohe BN BSMShARREHh e ld? FlPother
deposit to _a,desired thickness. ALD reactions are controlled so that

a deposited3dP& ial is forned along a substrate surface, rather than

t hr oughout [8003actTherdephsitddenaterils Ganbé asiducENDINRIREGRS 5 SEiEEHIREHSES
sirrultaneo;rlﬁ rials within a

Vi SI of multiple reactive nmat
reaction chaﬁgé‘%sg%& ﬁ%ﬁna!?enﬂ%/s?etolgamﬁﬁrﬁge P ang 956%8“% it fout a
reacti on chsavciated witidan intagraied titces, including ddvsixa@ble, eistthial comporghaber
to forma i , : . reactiye
material s lﬁ}"? ﬁﬁﬂi@%g%ﬁiﬁﬁgﬁﬁl%t%ﬁ:g%ng%ngﬁ'{;s)'}%)%grﬁ%noﬁ%nand
ot hers. | nWEbaelasiisati prmestingfelackics! einnonestateond dretexpensi ve
reactive mabesd)al AL Add @@ afdioRndhf) (HEsIMpaBRoFALRAAL! RS

bei ng precursors, and th ess expensive reactive materials my be
cat egor i zelf PGS Y FCHECaBpiEARIS arepraseantialy Browidyd ivhieartipabrabsf atand
may be conpleiant@ilyatinl@@riaspiedtirass iRltidd lordamnbhef RS b iidPBRyer over a
React ants, i n, con Zoﬁmé Ty, be si m%I e m)l?ﬁecul es, wth conmon
reactants BEPHE®o m@%l?yeéﬁ Biq¥ Pe ShveTH 12 Tanmya dRPQstit @ dpeifeghthickness.
[ 0006] The PR ceacsarsarmypninsiedss ehay aldepddited Hizddtial Bebrmcansiid d@Btkate
parts. Forgjnsta ors_conprisin reci ous | s ée.. -
gol d, plat? num’ gﬁﬁ%r Shgé?@r% “en? éeea\/%g?na?snaf iEﬁEs’”r?BPtéasé’x 8187 Ssﬂr%an t he
preci ous n@edrises Nerdiehsaus prodsian of pridtile sactyeohaterials within a reaction
chamber so that deposited material is formed throughout a reaction chamber, and then
setties on a substrate within the chamber to form a deposit across the substrate.

[0005] Some reactive materials utilized for ALD and CVD are much more expensive
than others. In some embodiments of this disclosure, the expensive reactive materials
utilized for ALD and CVD may be categorized as being precursors, and the less
expensive reactive materials may be categorized as being reactants. Precursors may
contain metals; and may be complex molecules, such as metallorganic compositions.
Reactants, in contrast, may be simple molecules, with common reactants being oxygen
(O2), ozone, ammonia and chlorine (Cly).

[0006] The precursors may be more valuable than their constituent parts, For
instance, precursors comprising precious metals (e.g., gold, platinum, etc.) are often

several times more expensive than the precious metals themselves. Also, precursors of
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| atively inexpensive materials (for instance, non-precious netals,
Iriekfa1 coppgr) mas still be thenselves expensive, particularly if
conplicated and/or lowyield processes are utilized in formng the
precur sors. q007]ilt woul d be desirable to devel op systens and |
met hods whi E:%Ha VEY exrenshesarerials Spidnsinece. ip-Aregious Mebas, likatampbalnsay stil

BRI EF DESCRb&FieaNeOEs Ekﬂﬁn%\ﬂaﬂﬁﬁlahﬁ’ﬁQgﬂnﬁlic%iedlaﬂd%égovfﬁP@Wegsé’s;aargr am
of an exanpbtﬁizgmqgri qen%Fde 0S| tion apparatus. [0009]Hl I'S e
schemati ¢ diagram of " ahOFHE EX4Tpl e embodi ment deposi tion appar at us.

[0010] FI G 300%¥]a Hvaphl oadedirhble $d g@@dpmg@tfgn@&ng@g@#gt%ﬁg?u%ur ge,

db - may _be use uring _
Eéggs?? ut %"?@,ﬁ%%%%ﬁgaﬁfggg@ﬁﬁj(eg;.{ysgbg\gfé IBl§s of FIG 2. [0011]FIG 4 is
a schematic di agram of anot her exanpl e enbodi nent deposition

appar at us. SiERIBEREESR pr%% ﬁ%ﬁgﬁl L LUSTRATED EMBODI MENTS

i f the
0012] One aspect common to h/ _(ﬁ;C\/Dlsthat some of the
Lr ecu]r sor i8] al FiGhdtis R schematiodiagetin bharmemnmgaehbaimeiamssesition | | )
remai n unr eppbgis. and thus will be exhausted fromthe chanber in the
sanme conposit.i al _formin which it entered the chanber. Somre
enbodi ment s 9098] ud&Greihd aehemndic shpsrasmef ansithealkanplo embedirehniepgsiite
unreact ed @pesmarsor material so that it nmay be reintroduced into a

it di ments are described with reference
,? gpgls IGtSI 02_ @OQBFSSFIG%?S”Qlgr%pﬁlgglqllrustration of an example pulse, purge, trap and bypass

sequence that may be used during formation of a deposit utilizing the deposition
apparatus of FIG. 2.

[0011]  FIG. 4 is a schematic diagram of another example embodiment deposition
apparatus.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0012]  One aspect common to both ALD and CVD is that some of the precursor
material that is introduced into a reaction chamber wiil remain unreacted, and thus will
be exhausted from the chamber in the same compositional form in which it entered the
chamber. Some embodiments include methods and systems suitable for reclaiming the
unreacted precursor material so that it may be reintroduced into a deposition process.
Example embodiments are described with reference to FIGS, 1-4.

[0013] Referring to FIG. 1, such illustrates a deposition system 10 configured for
recycling trapped precursor material. System 10 includes a reaction chamber 14. The
reaction chamber may be configured for one or both of ALD and CVD (with the term
CVD being utilized herein to include traditional CVD, and to also include derivatives of
traditional CVD processes, such as, for example, pulsed CVD).

[0014] A pump 16 is provided downstream of the reaction chamber and utilized to
pull various materials through the system. Other components (not shown) may be
provided in addition to, or alternatively to, pump 16 for assisting the flow of materials
through the system. The materials flowing into and through the chamber may be
considered to be flowed along a fiow path that extends to the chamber along a line 18,
through the chamber as illustrated by arrows 20, and then from the chamber along a

line 22. The flow through the chamber may be continuous, or may comprise loading the
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[0013] Referring to FIG 1, such illustrates a deposition system 10
configured for recycling trapped precursor material. System 10

i ncludes a reaction chanber 14 The reaction chanber may be
conflguredg t?netﬁ ? ALD and CVD (with the term CVD bei ng
utilized hef& s & ﬁcﬁ“&&e"fmﬁéﬂiﬂ ingiding t@/[ﬂat@é'ﬁb\ﬂ”tftm the shatnher fadke duration

deri vat i vesofdime, laadmelncmahus@x@tiﬁrrﬁ@t@ﬁzﬂ%m tHb eRarBSer vifla ‘%ﬁ@cf@e JALD s

pul sed CVD) 4 ovi ded downstream of

chanber and Uf &{PIQ\%%% $%8%psu HERA é# ‘?%%équﬂ? gygles say bg eliVged torferny g smosntayer
O her conpodfenateriglnot shovvn) may be provided in addition to, or
alternativel stln ow of materials through
the system [gl'or?tg?na? ggﬁn% gva%f{%éy s Bﬂﬂﬁpm‘pﬁﬁé’ﬁO'thﬁés%tﬁa'ﬁﬁéﬂdthfﬁ)forbe
consi der ed ¥YiHe Wﬂt@v%ﬁtcaﬂ!‘dﬁ@ﬂathblrmtrp:abrhath IreadaRidel So the 1hBe 18 hRIBEr

along a Ilnﬁe}, te%BTs%Lh%h&eQ% r illustrated by arrows 20, and
then fromthe %anber a |rie% Eaa?he fl ow t hrough t he chanber

may be cont £4f18Ls, 6’?*"%&9 '%Wl%@gllmaﬁﬁn@!\tels@.? avkiaatzes shidviraléndiHeSa,

of materi al dh@lvdga bé I t or..a
o e, Ao SAISE MR PRR A 2’ VA ALl Pl

purge cycl TRITYE alofg theiowPath-wo or more sequential pul se/ pur ge

cycles nay [@819] i IApaﬂot@eémééﬂt@ 890 @h@Y8krdn R SINs
lines 18 an p%%‘i' orres 3 pes or‘?lr rh agjdlgftg% r[ee%%na]@l?rb[%

on
for carrying eri al ? W%Cugﬁ?ﬂ?ﬁa ﬁﬁpetq?éf'g%%‘tolt@ﬁ REpraxgse Lnderm fastdi ti on

to the |inesndrandd RZeldpbe theysibpad Ne&ﬁksbﬂﬁid@ﬂ@%eddnﬂ%@nd?t%n o ﬁ'ﬁ%ngg
are s

al'ong. 1§ no ' 53 el &% E3e R e onf i B Erairhs P bl e
val ves may PIREULROT tngesd relgtivabygarderepérhiove afndimah eiridab r@éé&@garé&uesd} uﬁa\ér a

ath. [ 001734y i a an own al ong
|pl nes [24 an%:ll NE:@ kﬁgerggeg{gbf‘a?)gé%gﬁ Jn H?nggrrsoFe'éVg@éo%Fe p@%?’?gﬁ?%d to

trap precurrﬂﬁl Vehbigp qqr@tg{e étﬁwldlllf-ﬁ?d)fnr camphrison teedreasethizheo thaapeed

pr ecur sor UIId&WeI;aloﬁ/etéﬁ Qraﬁﬁéfqbbll&ﬁb tdF ) rsor traps
may be col {,R \6/1%5 and gccor di ngly r;ayrﬁ%eéb{g%‘??gﬁ}eehﬁh?%vgw%&% precur sor
|

under a re ¥ 'l ow-tenperature condition, and to rel ease
precursor O] aThe lsﬁéctmoetbmpbﬂaﬂheé REPBE aﬁ;&dfe‘ﬁwp%%ﬁ"eé 5Qfble fBFtrép%rn@Band
‘relativel PéléaQWgtp%gﬂ?sro?t Hied gurlng deposition with system 10. For instance, in so
me

embodiments the platinum precursor {(CHa)a(CH3CsH.)Pt may be utilized. Such
precursor may be trapped at a temperature less than about 0°C, such as, for example, a
temperature of less than or equal to about -10°C for ALD applications, and possibly less
than or equal to about -20°C for CVD applications; and such precursor may be released
from the trap at a temperature greater than about 25°C, such as, for example, a
temperature greater than about 40°C. In some embodiments, the trapping temperature
may be low enough so that oxygen-sensitive material do not oxidize when exposed to
air in a trapping line. For instance, if Rh is to be trapped, the trap may be at a
temperature of less than or equal to -40°C (where the term “-40°C” means 40 degrees
below 0°C) during the trapping of the Rh, and during the retention of the Rh on the trap,
to avoid oxidation of the Rh by oxygen that may be passed through the trap. The
maintaining of a trapping temperature at a level cold enough to preclude oxidation of an
OXygen-sensitive precursor (which may be an air sensitive precursor in some
applications) may be considered to be one example of embodiments in which the

trapping temperature is kept cold enough to preciude undesired side reactions from
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“relatively high tenperature” are utilized for conparison to one
anot her so that the "reI atively lowtenperature” is a | ower
tenperature than the "rel atively hi gh tenperature”. [0018] The

specific tenperatures may any tenperatures suitabl e for t rappi ng
aﬁd rel easi %“HF’Q&E’F‘@‘&@ ”ﬁ?ﬁ’?q "z”é‘&”@l&r PHEh ereprsiinents mayibelpagigsiagyrsii@ble

For i nst ancehen tha0itls Qﬂl‘ﬁ.@ﬂ lré"@ﬂrb% the a%ﬁéénahléﬂs%s %ﬁfﬁ%rre?ctwe ma&erla{
(CH3) 3( CH3CH | zed. Such precursor

t enper at ur " r‘ééfa?%h%g {fawh'@dﬁ%tra@,s arﬁ@?'”@)&&?ﬁ?ﬂéo rejaip éﬁﬁ)l@ﬂat ure
of | ess thagmmearssgqual to about -10C foroéLfD apglvbcat [ Ions taggs and
' t 0 _about or applicati
Stch pr ocur 1 Ohay CBl PEHE sidsierAraiit Bortaies adPean Bhieratunes i cHeer
t han about G@!isirepsmht lemting/ovoliey anipd @at raay @eﬂﬂ@bﬂb@b@x?{a@@fhﬁgm&@%‘control
40C. n erature
2lrolgﬂtgh 20 ttL@P ﬁg%dgﬁgés)%nm Fé cﬁrsom?,gf;heaf&&dﬁ ﬁ@ﬁ"@s&ea Si’éwﬂlﬁﬁﬁ"eé@é
to air in é?etfharmﬁ“hgontrqﬂ@d (fergnstamst mrmmodlriher%lnlvs}rctrﬂh@&agbd@r@ré@@ trepBe
ber t t f ya

erm m 00 IR0R | TP RAR A Sl R SNl ST ?W‘gﬁ%?rﬁﬁn'é?“"f‘%thm
and duri ng "e#&Eop éb@"ﬁ?‘?rdﬂ #fd thbﬁho@metetémtheaqonnecmechm(padalfelxeldatel ornef

the Rh by exy@enabhgtheyw fagh &aﬁ,&ﬁg,qialmﬁ §9§teﬁmh1% trap. Thfa (roB.I nt ai ni ng
of a trappi IFb%g%?]enperature at a_ level enough to preclude

oxi dation o oxy) FBRERM e o) bediage 69 go¢ 42 Wﬁydﬂlﬁ uittigedise acsourierof

sensitive rpremuerosmchambeﬁ)m v&ﬂ@ihﬁﬁér@@ﬁﬂl:z@@fbr%p@?@a H&?%&?ﬁp ﬁ&an’?ﬁ tﬁ’

Z)riggglhet gf Sg@% ﬁ(ﬁge[;%lr(}h es red p'ﬁeShSE‘ér@a Bh'B"GI”F GrharisE 8% FaUAeR 4%'Isat i ve
to trapped livetrased &l ke inSuichcoemhottiatieniveh Fays marl@ﬁcfetthfadbﬁhr'\éé Aulrad) e
nul i pl o F Sane Le e 2P SR Sh pEu Bnalins R 46 8h B b coui ne fone
traps are B GRgiaiges ioibd thaps feard 42.dEsd ceedermaecan aedis in ie%lzﬂb@%dﬁsoM
are di agr afpgith€ fhps THe dapidr gheMad AGSRboki (6 hLAPSatd 12 reactlon wu?l-'p e
precursor material under the conditions in which the precursor is released from the
traps, and may, for example, comprise one or more of N,, argon and helium.
[0022]  The traps 40 and 42 may be alternately cycled between trapping and
releasing modes relative to one another so that each of the traps is ultimately utilized as
a source of precursor upstream of the reaction chamber, and is utilized for trapping
unreacted precursor downstream of the reaction chamber.
[0023]  Although two precursor traps are iliustrated in the shown embodiment, in
other embodiments there may be more than two precursor traps. For instance, multiple
different precursors may be flowed through reaction chamber 14 during a deposition
process, and it may be desired to trap the different precursors on separate fraps relative
to one another. In some embodiments, two traps arranged in parallel with one another
may be utilized for trapping and reieasing each of the different precursors. For instance

if a deposition process forms a mixed-metal material, such as platinum-ruthenium-oxide,

each metal may be deposited from a separate precursor. It may be desired to trap the
different metal-containing precursors separately from one another. The traps utilized for
trapping different precursor materials may be identical to one another and utilized under
different conditions from one another, or may be of different types relative to one

another.
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coils represent heating/cooling units that nay be provided proxi mate
the traps to control trapping and rel ease of precursor fromthe traps
in embodi ments in which the traps may be thermally controlled (for

i nst ance, r}g ntiodl ments in which the traps are cold traps).

[ 0020] The t ri@B&tlao "aREPASMRALF ihwhich resicret sdititizedie adlditidn taiptecursor, it may

comuni cat i badesited 16 @as tHeQite RSIVER btk woRAdig thE e?ﬁéﬁg&gg &A}%gﬁaﬁg@l)

connected i n ral b?% rel ati ve to one anot her alon

material wi "f“ﬁ Hiergacta §9 pihen wepssy irnag irap mwh@ﬂp sthaing mepariaf)O If
and 42 may the depoémaﬁﬂo@ess&?s @'OAI[D@rdéfass ﬂ{eer%b!ééﬁlrméypoe%@g@ﬁéd #8) tr‘q"éh' le
the ot her i S%H) %%d fS%r t Cg E?Hj recursor present 1nt

f r om chanbet YR YR SSHBW:I Gvesrd be’éo"&&’ﬁ"r‘ f%@reg%ﬁstosf:cb@r%@ndﬁtmts

i | | ust r at eddaposiien procésais d CAMPRIOESAhE PRCWNSbitddsARSy tﬁ’eoutﬁ%jdu]; }hr ough

lines 48 a ...Valves 52 and 54 are shown i nes
48 and 50 P%r”é@?)?\ ﬁ?‘ﬁ“ﬁﬁ%t ‘?e*e\‘{’CtE‘B?‘!QE"ﬁ@CE"éF Slransadhile gracyesor usagtgm@oand

42. The carthg&prgyas I@aim’l%{%wkat td thatraisrnsseid IveRit EfSrehdeQBIFIdIe) t r aps.

The carri erp na: i ner o reaction with
the precur so@%t eir"?g?y rggpgfﬁelé égﬂ i°t1°0 H§raﬁpﬁ%ﬁf‘§ﬁ5taﬁéO‘HP%%‘i’frpé%Ufﬁoé

rel eased f r%@l‘?f'ﬁé"’t@%ﬁ’@s'ﬂ%afoﬁ@%ﬁ I otheesrabgdiments cadaiitios &l ||ﬁétem@y b&Or
of N2, arggioadst fehbibiecurE iRl b%dﬁb@zﬂﬁt AR A tgaiealcﬁf?rhgi]a\r}pef o

alternately Elv)'i"ed bet ween_ trappi ng an el easihg no
one anot her™ RafOuEEs eé'fjeﬂ’i‘@“tapépiéhf? @Tfeqiuqtlmpfeﬂryculmrlfnozr&tboastr&r

source of moecas sasndemﬁéltreﬁénn@ Uderh &R BBo tilized
for trappi '&gd}ép agt ed urfs/g%ggeovmst reF'gn’? of@r (gfdreggd&t rd §4§ﬁa%é .

[ 0023] Al t hSUgR' [ B ué% atferaa OFHY PPPREStrated in the shown
enbodi ment , [0086] otTf@rsyetetrotii) OfeIES 1 fshhRgUIRY 10P BortRLSudi By di

tiple diff t M\gprecurs%r
fl oved thr E‘fjg ! fifinds AR o W e B R R pd) Eﬁﬁn‘éér%%@g@pp@gd

it I n?y bet G@PFS@m apt ndﬁé)rdomtﬁmg;%?y reppcfhﬁg Itrwréctﬁﬁbrméﬁaﬂit ﬁaﬂ&éﬁ%
rel ative tgu@aa f arrane in
parallel with one anoth né?urrgrg%ggt ﬁtl I |J%%E%fr8'?1°¥¥£fﬁ ﬂﬁe%?od%ﬂa 8asi ng
each of théecén’?rf’éfc@ﬁfj“rﬁroé?@dff'%ﬁféer aftppoitiyt pmeess. iThe amat@ROSIEY tHeR be

process f osEana, Fisked I%
plati numr ut hrénl UI’?} 0 i !@éelgcmﬁgﬁgetj gésmrrg}éccg n@tzeessang/i? ddm?)/g‘r‘?{’geé’@?fﬁfjé’tse

pr ecur sor . '{rc%ﬁ‘ﬁteﬂéﬁ%'gp PelPEuepthsrpsie fdwrpﬁ%&seﬁhe wtitzatiorcafrt ratcieng
pr ecur sor spreegdurabeduyrify amsenenanat &bﬁbbs|tr8_rh§roEés%9ﬁaWérlalb|eztS&n‘: bs to be
trapping djff in}p;erg felrsor mat e eritical to ohe

anot her _and" % cf5 'nr%%r?mﬁ?cfrfr%? r@@ﬁﬂ%f@%ﬁ@t VeWehe ireprastisahiomtilizer
may be of iithd eerdintousygyeling sybtatri ofe (G .01 OR® iIREHCBES trap Er@?%ébbnad out of a

U may o SRECENSR b B e i dhb el TS et merd oot et he

expensi ve e Ph@“gﬁ'ﬁtoéﬂ?ﬁdme dfmdsactﬁbme with agierdehes 1oeRIGE ARfay bbniipleRer
words, to dftiohsl o:té'l%n‘fehﬁ@l? 15 b L %E&ta%ﬂ drfinbpoqd Lhe depositi on

process is r ocess he reactan e ex Sa\usted fromthe
system by & &’gy!)asgesl Tihowe at‘?@UP'ﬁa’f"rmS%dysfeds bblbbwewndi tabeetich @ DRt O

FIG 2; antay éndohethd @Rpstd bORiipEPCRSSad S I!{%Vﬁ ?%r?t ! he%l%neﬂjr Sor
e reac OoWs

traps may il e nder ditions suc

acr 0ss them?)rzgjp ﬁﬁ eS%BW@@U%ggrSV?@mrQ&%”H@He‘éfpffmv@wa)bsrepwsar nmanner
sinilar tonathad frdirscussiach hretairabdbied el RsE ] The
system 10 p?éce'éLG 1 utilizes only tra(?os n40 andszt% a%ﬁgrgu?g%é&gﬁﬁ

pr ecur sor
[0029]  System 60 includes a reaction chamber 62, a pair of reservoirs 64 and 66 for

retaining starting materials, and a pump 68 configured to be utilized for pulling various
materials through the system. Other components {not shown) may be provided in

addition to, or alternatively to, pump 68 for assisting the flow of materials through the
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material for a deposition process. In other enbodi ments, additional

| ines may be provided so that precursor may be additionally
introduced into the reaction chanber from other sources besides the
traps. The int rodg_ﬁti on ofshlg ecursor from such other sources besides

the traps miy SUppleMAtrAioWicinieraserthpugyirdetaiyertmapse dhspatbd4d e
and/ or may Bewessaldng @ fibRiphtrahs: hb AL S5 k2l The system
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for trappi ntngdesnlitsion wataeialive fBWtpaiat 74 7, ' L4 ecycl ing
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removi ng precursor material fromthe trap that would be inpractical
to utilize f1F3(he BRYicROGRISIEtEIei s sipvidedabhg AbGpat 7481 doBLAEEE

a trap ey meciptd baRd-1outa iy 1o ASPASI! R QYBLED.ANM 44 ushed w th

sol vent to renpve Hrecu&sor mat eri a course, FiyE’ﬁéﬂb@étaB*P
the type diSctié€ed"dBBY NPT cairesioad toa FiN@puinpayoeng) tdebtrze dnit
addi t i onal K., uniaivhien hataky @bwh otdortiGie SALY choﬁm%gﬁﬁﬁsg%g Cﬁgtkt‘\f’a?vsé'

I C :

[ 0027] FI G oupl e of lines and val ves t
| abel ed, buﬁbo\é\ﬁéx) \(lz\ﬁn%géragﬁ'é@ RESGYRPr haleyial mgy lpe pevidedzie ceservioin St @ad aof
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rap In a
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procedur e s ubséquen;{%b %P%ng%OE%Opth?tacfn&’ PHESthinean gdpirdueedintqrraobess? at

[ 0029] Syst B8R gigen tiepudecorainglpdbe anditérantietteds (spefiddiy Afe 5%%@5&%%5
64 and 66 frerrea®4l Al i - i al nd a punp 68 configured
to be util i@ﬁrﬁ for aelte ﬁ%ﬁ%rs?%ﬂgﬁ%r%ﬁe?rid;ﬁ“’é’g‘?ﬂ?a@ﬁQH"PM@'@%élmes

O her conpGifaiE & erfoRnadirswdlisieay dseupnoendeidg subsaditialy ANofloRe ofhe

alternati Vmbwm@’frowmiﬁ&efr@??t%a?h%%éﬁjgggﬁ d’tth%\rﬂlgﬁf% }F@#{E‘gr@l St htg gfgﬁgh

t he system hThﬁ rrglt erjals f| ] .

be consi dered s HEOF" aJ\*A’E&erH‘I SHPtartRlo" ralicateastibat axanemndsoftreatthe within

chanber al thageastivi oleartiseyr it hﬁmhobh@eﬁﬂﬁé’@%‘as%ﬁﬁej %F&Fohégﬁﬁ' ar I ows
e

70, and t : long a line 67 gppysetigent
i nt oa? wo a ?tgf'én'gtg}) &QF??%@%%E% ﬁgopg%%gﬁaa I‘?'%?eos*ﬁﬁé’mﬁ@welrm?ghtramfremttmds

t hr ough a 'ptedalr Sueh carapn I@ne emdoditentt) igMicRatiy 1.0
oy L R R gmpyed

precursor ftdhap, aljty of valves 80, 82,
are provided {0 rg&hcg%ﬁghégﬁ%rltﬂg? % %ﬁMﬁqdu?'H% ASPORPIdTaleER; Yukatmbieestial s

al ong t he "WEASHERE IMeNdtpafthe fiskmetedainge tonaved fbrORE tdiRtiok 8RFAHeP Brior to

chanber . @itheiucMg teesscBRY mBfriiihioirEhdnthedddi tion to, or
alternatlv&)lg ]to, t he shown val ves.
033 At times that precursor flows out of chamber 62, the exhaust from the

chamber may be flowed along the flow path 72. Accordingly, the precursor may be

trapped on the precursor trap 76 whereupon it may be subsequently reclaimed. The
precursor is likely to flow out of chamber 62 during a flow of material through the
chamber to fill the chamber with the precursor material, and during a flush of the

chamber to remove precursor material from within the chamber.

[0034] At times when precursor is not being flowed out of the chamber, but instead

materials other than precursor are flowed out of the chamber, the exhaust from the

chamber may be flowed along bypass path 74. An advantage of flowing reactant along
6




[ 0031] A flow control structure 90 is provided along flow path 74 and
configured to preclude back-flow along the flow path. Flow control
structure 90 may be any suitable structure, and may, for exanple,

correspond a tur ryopunp, destruct unit (i.e., a unit

whi ch Er eaké“%c?&ﬁ%s &?Q*PZ‘?E&B%%E*EE\%?B&%CWSWE@M aﬁgéaotmrof Srecrekstaitl wit.
[0032] In operreaoursm,etwwqdrteampstmr wmah esulakesfaye he d%my/b%g s E&E%’ é%'orf
64 and a reggéﬁ?t R, ttlg B Yl |tn|reserv0|r 8

are utilized to control f 6?‘” RET éﬁﬁ?tﬁrﬁtgomgﬁh%éxﬂ%ePa’@(Y‘ltrhfa{
only one of admeme@almmdddmmmm of ehetainaiito @Ba@bera®y (1GHe¥&BnitHalBlows

Accor di ngl t i, eri.al ecifically, the precursor
and the ?eégttoaéﬁtg gf%éjlrtnril%{f%% n”ﬁ%r? "g) gWE‘?’bWFC‘é{ﬁW %aweavgnﬂal ly

non- over | apgpiefyced ieibe chimbérnehich camead tmotiesiredbV rﬁﬁ%a@l@éﬂve&%’the

renpvin I eri.a omw thin the
r eac;/: o% ihﬂ}%@mr:ﬁ}j cr)%{a(‘?%rhl gi’?@ﬁﬁ'@?é\a&p ﬁ H%@%eé:ls %?’?'Eff“iy mﬂ‘\évlfoé?ci R84Skt o

t he chamber@tybsiaghally al [&aefaézhbasd»qey' renbved froih tatabambbgiriodfo BBt
mat eri al  widr pirdrutsae trﬁ@@&ﬂdi&@ £ | evel where gas
phase r eacté&tniu%f %gbseﬁ’ugnr?agrgﬁer?%@eé@%%%?' egi C%”aa"éle{‘%eeg
properties é‘p@? ciflg r@&%ﬁ”&”@ﬂ@ﬂﬁ@ﬁ@@hdﬂﬂg&hwa&aﬁ@mtanhe thsuich
can, in Somm;eﬁmemd:bﬁ‘ﬁrﬁfﬁzd utiMSHLBE hdAREmBbdimefht iR Efcﬁ%tcom?&es rhgt reg% is
rem)vedfr %‘%tggecdon c’gﬁnber r|or to i ntroducing Ad
materi al , at 33&10 o 15‘515”1'-@ HRSaNe §e@<f”b?¢’|el EﬂlSr Eatent

mat eri al arPeith@m;lweld 20BN AE5T. @.E:hIs@ﬁtemh@«fkb%rﬂoWdo‘ﬁfrolts@ruthFJ Q% 090

the second ypti6r At times that ursor
flows out of cﬁerﬁ %@gstt%syggﬁgﬁf?hw dtq%r%m&?ﬁal’ﬁbtérfefﬁwcﬁ@ fiCoRed
al ong the f?%?@e@&ﬁﬂ'Wfovﬁﬁ@@twemghthrtdnartmemymeﬁf may be trapped on
the precur s@b3d)r ap/afl MeLeY ent | cI ai med. The
precur sor ﬁ I|]ke ya to fl ogv %\%ﬁtdg% rrg) t%é’gfegg eﬁsgj" eq' I adiumping
mat eri al t % PR I REMS AT quUBSoR |r¢q0V@l'Ne§a’fe$l&lﬁme tosytstentdi@ape @RS Ghp
mat eri al , aﬂikﬁierdiymmlgvac[jdnwsh of the chanber to renobve precursor

mat eri al [ﬁm ghn t he cha er. [0034] At tinmes when precursor is
not being f d OUEXgpPla R $eqaupge halshale wiized with theatysiem achan

precur sor BiGe 2fis gmpdicaltytlllusftrafehen Em}il?sbeﬂhe HoRef SP&'@@I‘é?F i i |Iﬁ19ﬂ?&t&5‘ﬁr:ﬂ9 hamber

may be flo n advant a react ant
along 6 t b@!ﬁ%%gthpﬁ&ﬁ% 'HQS} aPH'a‘i—' OLRIERH RIS ‘ﬁﬁ%@cﬁéé"tﬁ pmgdr (with

i nt er act i ofeshamher eéaciabeied as 6hindTIGCEYS 6l tHeahainBBtwilYinb baRufb:, afbieh
coul d degr I alned

[ 0035] Ut i |‘|§‘§§? % gﬁmg?ﬁt twé/ffﬂ)e\?vg@g‘nf p’%?%‘g ‘?‘é" 596{35? giysubskatsypresest
path 74 mdf '%ﬁj@mb&gﬁb®§¥qﬁtfpweehMOWamkFlmw ot riegans fAExArhbe, é:hanber
62. If reashagdndoaekwh

chamber when ] Curs\grﬁep\gﬁgsraggegha@@g?ﬁ Hig {ﬁig{e'r'% ngﬁ’?ﬁ@tréi?gr%@rreg'on
whi ch can ‘F eé% ?%1 AReLrerath B 'F 8eroe ﬁﬁﬁgdib@nme@n phréversor exawcsmpn@md

reactant. rimansidh ds)eorieanpleOsuIeMaRmDEEtd, njtored.t
ensure thqgnt hst.anti al I%{egl ﬁjhreact aﬁlt | as%gﬁﬂlu%gﬁdf”@%m quﬁé goid,

chanber prior fnorqoﬁjf%(f YR °6fhe;5‘f”é?:u'r”s'38F”e THediyzaid, tewrefurs@andyant
may | ead toemnd@sﬁraesjtl@umstaqmm%&antﬁa(ﬂ@é Eéreahfal (&;H@relﬂ?&ﬂéﬁm IQH‘thﬁude
may

react ant acuation time than
acconpl i s%y gﬁ?ﬁj zﬂgfﬁgs ttg%g]pg{]@\?/%? maw FomRinembar f(EQfﬁﬁ?tW If the

st ruct ur e POBEUSOr gpropiistsdlatiounr achuaey Hisia kifd fomh oAfd?relx%glér t ALD system

is descri : a No 2005/ 0016453. Such system
| acks a fllegev)%:gH%tr; ?’ th ﬁrﬁﬁ%{%ﬁ%&,ﬁgmg © PECHEPURRY PR RtTe S&H’&POFH'E!/@W

t he syst efRaeiadyehaarier easpl, blé@bwartgermm‘hmence to FI G 2 represents

an i nprov BE] OVGtar UL N 003
advant ageg[mfgmg]n al | (?Vrv tréa}e%%&thgég @V%¥§hﬁ'ﬁ rga ﬁlaber and iven

t time to react W|th a surface of a substrate, a purge is u‘ullzed to remove the

7



| ine, which may inprove precursor recovery rates relative to systens
that | eave the trap under dynami c vacuum [0037] An exanpl e

pul se/ purge sequence that may be utilized with the system 60 of FIG
2 is graphically illustrated in FIG 3. The flow of precursor is

i |l ustrat edpf\ﬁf‘f% oI BlsRBYer pRHCh PywEs is iihstated lpsythe@apumen EfG 3 The

precur sor |c$uratrnimﬁdlula:ﬂdge I’ﬁlmjstrbﬁéd(é@%rﬂ@ﬁbn {apkleh 1b§%lo Q
| abel ed as t he chanber wt recursor and

igqé}gﬁ] Fgﬁi 2})| t%’) fl|zj

to provide ci dAT SIS Fyp chankeies G 2 ﬁé?%@cﬂﬂr%rtram%%@ 2)
sEr face 01;: I durig i lntas;@ofpjveamur andl dukifig ﬂh@@@équ(eﬁtf&r%é'&%éﬁr%r'frﬁy—ﬂﬂér
shown in t or .ex m conduct or waf er

pul se of pr@gﬂ%se(rjlr%lélmugggteg% qﬂ(‘:éw F?@I gé"f‘%é’f‘%ﬂp%?f%ghéb? Bap

| abel ed 101cabioing fereedypatidn iLB8Batet rt»ysoaa@o@mbeiéd mta@ngt a0 egalr sor

may conpris al ati num

Ty rbam o o) " Angiife A kP bed ABrdrof i SRME rfrstir nioduced
rut heni um drtodigefiammher wih @cmbe@swmmmmpam e pir’RGUB SThe pllye 6QAB! | S€
at ransi ti QBadiBftdc@8 @ QFeg‘?’on l%@@%%o@g@tﬁ%m hen%L&?EI Erslrjlllge\b ' m

"l ant hani de series netal" Trefers to an
at omi ¢ nuntFatiep W"Bt?‘ePT?mbeW“‘ﬂWH@aCﬁWécmto rall@@ﬂprrearﬁsnt;maugmnme teSrgadt

may be in thie p‘r@dw@dbfat th%%rf@%%@sub@%)\ﬁﬁw%

enbodi nent s g %ﬂe({ursor ma nprise sem con uctor rra er| aI such
as, for exgmﬂo ME rERAgRNt yn"é‘}’??m'ﬁ? opEes oninsiance, M@aqmréowmnn tras

been provi dsoh afiQhwatet heozoaag bi ann@h.anmrmame Gt'iM@di‘toSfHFntn bﬁg%ﬂé of hilfRe
to react V"'r%'b n?aHfoTn Rf a substrate eis utilized to renove

the precursor from ?ﬁt% BRRTBESOT &t H‘Sﬁt’}%éf tP PiECHigeE Foprsigen (hetaheand
path 102 i fherpastag coTipgselumayenor ahmbhie, the cgabihstidnl df Wsddizak 864 Br2c@sor

regi on | abg| 9540324 88 02. [0039] The exhaust from
chanber 62 gor e% &eaéggdtagjé:@lo%s trap 76 (FIG 2) during the

pul se of pr %ﬂsor fteéH‘t? RiRei of geackeet baisegpentideguiuritin b réxroﬁsmlﬁmrﬁbérr@m

t he chanbe 85 il I 3 th the flo
t hr ough thb"g;agﬁ ‘é’%ﬁﬁ?ﬁg%%ﬁ R B hO Pt Setiowle i isgfisty

| abel ed 10 H& 9 1Bath ’1%@'3“5{"(}‘!511@] Bfrgis Ilbﬁb@tad g0 g rbgisn aéelnd 107
purged fr oambhdtheqiatirpes., react ant is introduced into the chanber with

| 4 f FIG 3. Th | f th t ant
omur s o IO A TRE et Bt harBir g 245G 2) inpasribalong e bymacsiion pat

suitabl e dﬁmtit]’ébwf Rl@. 2 )i dulring tre pusand @sacwint, i @RS PRE sUBLER R kdeo the

tant th t th f
Gubet rat o bk ol halrBBE b Wb QR BEHES I Bl al Mo Tredioneatenaiy
conpri se OBWQ%P?{W OECiTA Y arviestion daistratnd byrene rbgion M11 Bend Blepagf 122,
water or ofeums). %he ﬁU@Q/Bln%e sﬁ@&n@%l‘ Y g%ai._y bfeergﬂgﬁgq]%[np%ftm%ég (faorr?]r

nitride in conbination recur sor
precur sor EBTRNSIERR dﬁ%feglth'c@‘?ﬁst ecordingly, dine puUBNpTrs@sscoX)Eg R followed by

amoni a, theuisostrcAREhhIH in LBAR form.net al
id > |det lOolgll Aﬁ%ﬁeﬁgﬁﬁ@%ﬁ%?rcga an? ‘H‘& SR Y

oxi de or
provi ded \r/l%cﬂﬂor{mf ﬁ%‘e PB&‘E% ?fﬁe%ﬁﬁ%ﬂﬁﬁé'ﬁg aaros@urf@@re@r 6 itriap ireal singler enove
t he react a:leboélﬁ@mddwemﬁé]aﬁbﬁﬁrecu&tﬁ ap D6l c‘feahlaéi HfséﬂgastuggoIQYmE hﬁer@% h

106 of FI rati.on, of eis illustr as a reg
| abel ed 1 a¥ o%gg? 'ﬁé tf)gffe 6trap "f'ﬁ’o%f%’eﬁh@gé'ﬁﬂtalﬁﬂhq‘ﬂ'ﬁﬁm’f@ﬁamfer 62

(FIG 2) irstapamsedpationd théeabypanscdhmrampat by & %Bcfﬂ fbatfilaton Er}nt of

during the pulse o tant, and during the su sequent purge o
react ant %romtheo f(t:kh%ﬁ er, as illustrated by the path 110 of FIG 3.

The flow al%9Ad] t Héusbpp@gtbaqdae bowe beipsmp eycles @urgas ew) dftek wtdaied cly
the regi onys L saboRGebA 61 tﬂé‘bb‘rg%j&clea

[0045]  The system of FIG. 2 is configured for an ALD process. One or more

precursor traps may also be integrated into a CVD system for recovery of CVD
8



[ 0043] The pul se/ purge sequence of FIG 3 may be repeated nultiple
times to forma deposit to a desired thickness. Accordingly, the
pul se of precursor nay be followed by a pul se of reactant which in
turn is foll pul se of precursor, etc., which may lead to
mul tiple pu‘Pr?@%r SB‘IS ﬂ%cﬁﬁ'&%‘ﬁ afoY A gysiendes comigupddonmesoment ofapedursa

si ngl e deposiaterian sequence The precursor trap may be cl eaned at any
suitable ti teryv be desired to clean the trap with
sufficient regiar Fgé’%]i‘e@o ztOH%ﬁ'u A& 'BRAICN CERTLY EERi MPIHlityrod pasetioes 124,

the trap artdmwtd mmmmrm@stmn@aﬁma%haﬁwa urﬁﬁggéé g%riﬂg[]reld &b ufﬂfzed

precur sor t ot ed

cycles ( noofgaémﬁg @B%ﬁ &gf “?']ﬁehrﬁfﬁﬁ’b e@%?’@s Odlferpp@or:rpnte)&not W&’\fehma@be

:[A\ EeD pur ge dyeviesd in ad0iiddio, Ehatesr)at/er[ﬂcgfpuﬁb@zs%rlags,gm@fthg%@g{ %g{enag
proces r [ tra integrated I nto

a CVD syst 3’?&" ’r?tr%es g@éf yﬁ%ﬁﬁ %@%s B‘?"@E@P@ﬁ'{d fougn the draker mache

syst em 120 ©8ifiergditebe floved dempaiigw phthpnaeuicads torthé @Hidrﬂier along a lme 125,

0046] Syst ty
Fasorvo TS ISa e SR B BT it forR ety S o

punp 128 cdRfi §lr &ke ing 177 wplitsiinte swp a!tarnepue rio\mgamarrsaasd B4 ETHeM G path

t hrough t he32ysteans itk Bl FHH rovided |
addition to. or al tﬁr nda@'rﬁlavel ?F&U%r 83%1[}131\#%22% Patnﬁgdfr\W%f

materials tHPSIGRNPRE" &)d theflowmath Wc@rﬂaar@ the preicargoi tm;prs and t hrough
t he chanber [06d¥] beTmiedEijm&yﬂbé)@)rfﬂgQﬁé@% @’lllllgé]ﬂ’llﬂﬁ d &?f‘ﬂérgﬂ éj?eéups%g's

extends to hr ou e chanb
il lustrat eéﬂ@@agér]"?@ ¢ %@grﬁaesrsh@?p% 3i3ps hed %frré?ﬁ?errasab@ra@ﬂaunedm@
127. The | serarai2ly tepl diffesent ptezutsots r@laties @adme\éeoﬂbpw&aﬁér&cé%?thg%qﬂm

The flo h air of precursor traps 136 and
136 thet DPtotedsuedd £RAR LM AU BRING oo Ry Bha Rl Habs 14 asatds

134 bypassB&YPREopiBEent t@draptqnamsve df et cdhieingyirediirs? GandBde BBer of the
2 OD pr oceng, Ma b SR b e el PR e Pt
separ at el yﬁ&cﬁl di'? PR ﬁﬂ‘bﬁ‘ﬁf@éﬁtﬁs@‘ﬁ‘ grapel 3@ #nvk13somanieotabetthie nrapEerth

i nstance, oife dthige @4& FIPRES &t ara.rféaeﬁeémggrmé H‘Lﬂ 4 158115%' th%o% b ni ng

precursors, one of the traﬁs 136 and e configure PRp
one type of° wat ey r%%'ﬂ? giPAtiTYabreeNFYo or E\ﬁ@”@%éh%thEamftrapheatm@pm

may be conftiligen aich memp'eraameautm thhedrRBred it iDfotdiRiL Q{bgr?é

precursor. andtﬂgég%vhﬁre%% e odi rren'?i% e traps 1%%d2an {gg\ngthm%}hth
be cold traps, ?p T Rl '6%%%%@61%{3“&9% praughto trap the

t enper at uriEe¢uagT thatdlowethdrogh tbéramstreaﬁhratpr ap selectively retains a
particul ar ur : tr 136 may be
utilized a{(ﬁﬁ@? enpﬁjggrcg?{%bésd&ﬁ%'ﬁg 5P St‘ﬁga&?i%%?‘% P@pre@t Yraed trarad
anot her fITERf ORhRAAIRAT: Fanistahes, doawsyeamdd tap dBBhaBihebayibb kissReniat
a tenper atgagsd trgyy enough to trap the precursor that flowed through

the upstr eﬁﬂ}Sbf pAlthough two fraps are shown, in other embodiments only a single trap may
be utilized, and in yet other embodiments more than two traps may be utilized.

[0051] A plurality of valves 140, 141, 142, 144, 146 and 148 are provided to enable
regulation of the flow of various materials along the various flow paths extending to and
from the reaction chamber. Other valves may be utilized in addition to, or alternatively
to, the shown valves.

[0052]  In operation, precursor materials may be provided in reservoirs 123 and 124,
and a reactant may be provided in reservoir 126. Valves 140, 141 and 142 are utilized

to control flow of the reactant and precursors so that all them are in chamber 122 at the

9



[ different types
In sonme enbodi nents, traps 136 and 138 nay be
E?Of?Lps from one another. For instance, one may be a cold trap ang
the other may be a solvent-based trap. {OOEO]AIthougg L??I?LZSS ZLd
[ t her enbodi ments only a single trap may uti ,
?E"?‘éi ot heSABRHBH: TBRYEGHEN and reAutsors remmetmyfldza amggbﬁ%g%srsea
i i - an

[ 0051] A pl usaisiraie @bt N@W?@hl@ﬁ%pr%ﬁ%t }Nﬁ@g ’thelc%%mber Sg"er%lpétfqt%f’?y e R

i | requl ati on of Wo_f varro .
Do var t ous SFT LR R T 00 ATRidpo it bos aeile, ARt

g o : S ively to the
deafj.eh datiiich-brethinnoagli tion to, or alternative _
gﬁgﬁ; x::xgsm é&gg%?ln 0 §rat'o%, recursor naterials may be provided
in reservoi igo 1333 and sz,m%'ﬁbe 8“%"53&699Wﬁ'nﬁa9reb@e@pwumem ihe elxh?tfst Vrr\nlay
i i d A ro
reservoir 1psflovwssl alesy thd@ow bath @ndolda %rﬁdg&r\ﬁ %rr%gur}';ér){s %ﬁ%ﬁfﬁ?gﬁd LY

r I o that all
the same 1 oo qiEeRaSEHATTeS, PSSt Doy ety
deposit acrfgslgimedsispsthedtaps( not shown) Wlm ch is prezﬁgbc}[mo'; h:Ngf tere
e, .a semc ,
Cha e e T s o RIS T o
ﬁaf ni um al UK A3 ‘&s% @waytan] Gosg] ndst telreastsok.r spaditalns hrrdxehuS akaho s

¢ flowed along the flow path
13200, Chal. Lo o ancy od oy adtbe PBMEEes | AEnrrotman reisatior |
traps 136 &N “f%?ar?%@ "GRFehRicEYsPr erdivyeagedpctrhen haaBhasee Rl

recl ai med firapsd dpeckic@lSrap unreacted precursor, and to then retain such unreacted
precursor under conditions that avoid degradation of the precursor. Such conditions
may be thermal conditions of a cold trap that are sufficiently cold to preclude reaction of
the unreacted precursor with other materials in the exhaust from the CVD process
and/or to preciude other mechanisms by which the unreacted precursor may be
degraded on the trap. For instance, one of the trapped precursors may correspond to

(CHs)s(CH3CsH,)Pt, the reactant may include O», and the (CHg)3(CH3CsH,) Pt may be
retained on the trap at a temperature of less than or equal to about -20°C. The trapping
temperature utilized during CVD applications may be lower than that of the above-
discussed ALD applications both to prevent undesired reaction of trapped precursor with
other materials flowing past the trapped precursor, and/or 1o keep the trapped precursor
from being swept off of the trap by the various materials flowing past the trapped
precursor.

[0055]  The system 120 may be subjected to cleaning or other processes in which
materials are flowed to the chamber, and in which it is desired that the materials not be
flowed across the precursor traps. At such times, the exhaust from the chamber may be
flowed along bypass path 134.

[0056] The precursors trapped on traps 136 and 138 may be removed from the
traps by any suitable methods. For instance, if one or both of the traps is a cold trap,
then coils analogous to the coils 44 of FIG. 1 may be provided so that the traps may be
heated to release trapped precursor from the traps. Alternatively, or additionally, one or
both of the traps may be configured to be easily removed from system 120 so that
precursor may be extracted from the trap in an environment separate from system 120.
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[ 0054] The traps may be operated under conditions so that trapped
precursor does not react with reactant flow ng past the precursor.
Specifically, the exhaust fromthe CVD process may be a m xture that
conpri ses, xanpl e, reactant, reaction byproducts, partially
reacted pr eﬁc-ﬁg? %%ﬁc{gériﬁé%?oégﬁyé'aerb?ee@%ﬁ@ér'f désiregregnaiberdrestiized ifor t he
traps to speefdsiticablogess.ap unreacted precursor, and to then retain

such unreact re r uynde ditions that avoid degradation of
t he precur sggé%@ucﬁHégﬁ]gP#m?Hédﬁ@' Jb@aY ReParabinedwih thebaisF16f 1 ao tet d

trap that ahdltiglafepeireseriey withboe atinsreed HEE dGEREREMa Bhralid %rraﬁgie%?e% &y
precursor wdnh j jn. the exhaust fromthe CVD process
and/or to pr ec?%%g%{ﬁg%?%g %P\':rg t ”%?/%HQE‘F? CKR sysiPBact ed precur sor
may be degr &HE8] onNeferaus agvarfagesineyttmnwevidesy 1 trhPising bARB&Rsors,

i

pr ecur sor s jRAYdisPEL : - 1-14)Pt, the reactant may
i ncl ude 02, andﬁ%)he ECF%%%&&?-iﬁgﬁ%ﬁéﬁvvéggr@ftaamﬁ%%ﬁ‘ ¢fremeying
at a tenperdte8CIGH PreseEsof waish oiayagsistin eacabiinrt of-229@enThAd Isapfl NG

t enper at ur entiodrherRamey BiritaS\RIARG) bOAL y,Re | ower than fhat
of the aboye-disc ssedyALD appl izgaz‘ﬂgtﬁ?%I gﬁ%&tot "ﬁBg %rg%r\]/getﬁ? PIRTHESTS g may
reaction of °t FAPPed ST BT YD FOURASRS Bictads (sitberarecidus rételsion gopastiotifie
trapped precvalspand predlsorstttatk@gohhept rom bei

swept of f chﬁggefcgrr 8 b% Eﬁﬂe g ri ou§_ Prat%%?glﬁst%t%g%mﬁﬁgé%ﬁsi rg?ﬁganq'%"
trapped precursor. e? WSS RGER @8&1@%'&% may be subjected to cl eaning
or other processes in which materials are flowed to the chanber, and
in which it is desired that the materials not be flowed across the
precursor traps. At such tines, the exhaust fromthe chanber may be
fl oned al ong bypass path 134. [0056] The precursors trapped on traps
136 and 138 may be renoved fromthe traps by any suitable nethods.
For instance, if one or both of the traps is a cold trap, then coils
anal ogous to the coils 44 of FIG 1 nay be provided so that the traps
may be heated to rel ease trapped precursor fromthe traps.
Alternatively, or additionally, one or both of the traps may be
configured to be easily renoved fromsystem 120 so that precursor may
be extracted fromthe trap in an environnent separate from system
120. The extracted precursor may then be cleaned, if desired, and
then reutilized in a deposition process. [0057] The enbodi nent of
FIG 4 may be conbined with that of FIG 1 so that nultiple traps in
series with one another are also duplicated in a parallel arrangenent
for continuous cycling of precursor materials through a CVD system

[ 0058] Nuner ous advant ages nmay be provided by the trappi ng of
precursors, including saving of costs; reducing wastes; and providing
for a nechani smof renoving of unreacted precursor which may assi st
in evacuation of a system and in sone enbodi nents nmay elimnate
utilization of a turbo punp. Anong the precursors that may be trapped
are precursors conprises netals (either precious netals or

non- preci ous netals); and precursors that nmay non-expensive, but that
are utilized in large quantity, such as, for exanple,
tetraethylorthosilicate.
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CLAIMS |/ we claim 1. A deposition system conprising: a
reacti on chanber; a plurality of precursor traps in
fluid conmuni cation with the reaction chanber; the precursor traps
bei ng configured to trap precursor under a first condition, and to
rel ease the trapped precursor under a second condition;
a flow path al ong which precursor is flowed to the chanber, through
t he chanber, and fromthe chanber; and wherein at | east
two of the P ¥8rsor traps are connected in parallel relative to one
anot her al ong thgefdpw path so that one of said at least two of the
precursor traps may be used as a source of precursor for reactions in
t he chanber while another of the at |east two of the precursor traps
is utilized for col heepbR@nYPsEACLAthriBhgCUr sor exiting fromthe
chanmber. 2. The systemof claim 1l being configured for utilization in
an ALD process. 3. FF@cUSRN8MP8F claim 1 being configured for
:/Jv}q ilization in a C\/Dppraﬁty&ﬁgnecursq traps irﬁﬂu(ijd?ﬁ??nﬁb‘:ﬁ:bﬁm wath t6é Eﬂaﬂﬂoﬁfchamber;
ereint ond.condjtions differ in_t ratur rom
one anot hg'%‘.' E'Je&%or%g%seq%c%ﬁ%' r§§ O R PreS FgE ?’?Fh@ﬁr{%a%{%iaaﬁ to feiease the
chanber; trapped precursor under psieeorfconditiay nat e fl ow paths for material s
exhausted from the éWﬁétRQioﬁ&Wﬁch%&ﬂs ﬁ)cfwegqg h%lckglﬁlﬁgrtﬁ dubRpePat hs
| eading to a conmon nai h punp; a rst of sal afterna e 11 ow pat hs
conpri si néh%{“lb‘?’e‘?f\.‘?rf@ﬁ‘rthPPgi?’%rﬁ"idgur ed to collect unreacted

precursor; a secondvi@feis ai I8abiesmiRg SroblrowirBgd 418 cOMBREH RFailehBiative to
ow control structure

: t | fl
B ong sai e BB Mo fedom et sedra e sl B oL LT RS ey bo
precl ude beskasid spnrcal ob prpcgrapfoseedinds bithd dremabt eileahothéd dthepatdast two of
6. The ALResyadasd #4psGé Qt'ilf%éfo\“@cﬁl'é@ﬂnﬂ JdhRGeBE pllegl?fgér Ififig AN | TR oiela| dAs])

structure

2. The system of claim 1 being configured for utilization in an ALD process.
3. The system of claim 1 being configured for utilization in a CVD process.
4. The system of ciaim 1 wherein the first and second conditions differ in

temperature from one ancther.

5, An ALD system, comprising:

a regaction chamber;

a pair of aiternate flow paths for materials exhausted from the reaction chamber,
both of the alternate flow paths leading to a common main pump; a first of said alternate flow
paths comprising a precursor trap configured to collect unreacted precursor; & second of said
alternate flow paths by-passing the precursor trap; and

at least one flow control structure along said second of the alternate flow paths
and configured to preclude back-flow along said second of the alternate flow paths,

6. The ALD system of claim 5 wherein the at least one flow control structure
comprises a turbopump, destruct unit, or a cryopump.
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conprises a turbopunp, destruct unit, or a cryopunp. 7. The
ALD system of claim5 wherein the at |east one flow control structure

conpri ses a check-val ve. 8. A CVD system conprising: a
reaction chanber; a flowpath for a m xture of materials
exhausted fromthe reaction chanber, the m xture of materials
conprising one or nore unreacted precursors; and at

| east one precursor trap along the flow path and configured to

sel ectively trap atrntaestysf oPaillEwifR8n @e ARES JABNBRECHRE Qﬁﬁ:ﬁ}ﬂé sors
relative to ather cog_Bonents of the m xture of materi al s.

The CVD SYPEWERSH CHECEIFYB wherein the precursor trap is a cold trap
10. The CVD systemof claim$8 corrprr sing nultiple precursor traps

arranged in s%rresﬁ&lt SIH}‘ ath the nultiple precursor traps
bei ng configured to % air ey pr ecursor conpositions relative to

one anot her. a feaction @@p@shtr on nethod, conpri sing:
flow ng precur sor éhévQFQtH fé o rﬁﬁﬂé &%a@%%&%ﬁaus{e@@romtﬁé%a%%n BBHBEr, the

fl owed al ong a P ow pat h extendi ng from upstream of
the r eactm‘HHrecq‘iﬁﬁltf’é‘la StCS”PPﬁé”E’r QB IMANE BHERARS Predi®rE 28¢h t he reaction

chanmber to downst raaéasoéndmecdrﬁacﬁ*ap @Bn@hﬂﬂbﬁbath%@ﬁ&oﬁfgufeh@o B Qi S Blp
react| ng t . %'e rm I neac%gb eclr t m’? tg ne? f%r%

r emai ni n§ ﬁ?e"&%?e \R/H?P FF”iE R F'E%??B’ﬁ R ﬁ“océ’rmp s

utilizi ngiguglofimaterielg. of precursor traps along the flow path to
recycl e the unreacted precursor; the precursor traps being configured
to selectively trap and rel ease the precursor; and

alternately cycling the precursor traps between trappi ng and

rel easi ng nodes r éhaClDeystemanieaiot Biehersin theharecuese trapfs & dodd fpapecur sor
traps is alternately utilized as a source of precursor upstream of
the reaction chanmber and utilized for trapping unreacted precursor
downst r eam of!%t he Theg¥PisyHern vhfpiEY 8 comprising muflipleesUREp B3R T GRSPEERN0d

of cl ai melids NBRY tBE Aow BEhPIHE GLINPRI prédurlRs tradstheMRRbAtgREL to trap different

precursor compositions relative to one ancther.

11. A deposition method, comprising:

flowing precursor through a reaction chamber; the precursor being flowed along
a flow path; the flow path extending from upstream of the reaction chamber to the reaction
chamber, and from the reaction chamber to downstream of the reaction chamber; some of the
precursor reacting while in the reaction chamber, and some of the precursor remaining
unreacted while it is in the reaction chamber:

utilizing a plurality of precursor traps along the flow path to recycle the unreacted
precursor; the precursor traps being configured to selectively trap and release the precursor;
and

alternately cycling the precursor traps between trapping and releasing modes
relative to one other so that each of the precursor fraps is alternately utilized as a source of
precursor upstream of the reaction chamber and utilized for trapping unreacted precursor

downstream of the reaction chamber.,
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nder conditions which retain trapped unreacted precursor at

;Jerrper atures whi ch preclude oxidation of the trapped unreacted .
precursor by any oxygen that nay be present in the trap. dl .
The deposition nmethod of claim 12 wherein the trapped unreacte _
precursor conprises Rh, and wherein the conditions include a trapping

- 14. The deposition
tenperature of less than or equal to -40C _ de|
me'[rﬁod of claim 1l wherein the precursor conprises a transition net ?I
and/or a | anthanide series netal. 15. The deposition nmethod o

T 11 0 o0 i AR e
{1 owi g a By BeaPUls s wED "l daeractessintorosrsor o empsrtures aicheredude
f1 owi ng.t REdpioecliteseppat drddemarceantiop by SRATIE Aty Wi & ARELANG

is not in the chamber, exhausting material fromthe ron cl

along a first flow path; the first flow path extending to a main
punp, and incl{&in hg dgpesition sthadrai plaivo it wierei thet tappéd brﬁ@écté&ﬁr@&ﬁogﬁ
pr ecur sor ¢omprises Rh, and whefil 85 cMo@[WnQ%c@JQS a&r%?e%f}%%pl?r%ﬁ.g% %ﬂ%s&%ﬁ% Sfual
chanber, and.while the precursor 1's not Wt :
exhaust i n@'%%ggri al fromthe reaction chanber along a second flow

i to the main pu and by-passing the precursor trap;
gﬁéh extending utr'é'gi n gt rrpe S% one flow control structure al ong
the second flow path Pomﬁﬁ%wa 8¢ PR | Iotheato g Peasisosent ises 4 tramsition
pat h. metal and/pga lanthanide Bedrstiaal. of clai m 17 wher e E t he p: ec;Jr sor

ises netal, silicon or germanium and wherein the reactant
gg%“ ng oxygen or. nitraogen. 19. The ALD nethod of claim 17
wherein the p @curg'afrde@éﬁgqﬂ rgetbogef diaimitdpeing an ALD method.

16. The deposition method of claim 11 being a CVD method.

17.  An ALD method, comprising:

flowing a precursor into a reaction chamber:

after flowing the precursor into the reaction chamber, and while reactant is not in
the chamber, exhausting material from the reaction chamber along a first flow path; the first flow
path extending to a main pump, and including a precursor trap canfigured to collect unreacted
precursor;

after flowing the reactant into the reaction chamber, and while the precursor is
not within the reaction chamber, exhausting material from the reaction chamber along a second
flow path extending to the main pump and by-passing the precursor trap; and

utilizing at least one flow control structure along the second flow path to preclude
back-flow along said second flow path.

i8. The ALD method of claim 17 wherein the precursor comprises metal, silicon or
germanium; and wherein the reactant COMPprises oxygen or nitrogen.

19, The ALD method of claim 17 wherein the precursor comprises palladium,

platinum, yttrium, aluminum, iridiurn, silver, gold, tantalum, rhodium, ruthenium or rhenium.

14



platinum yttrium alumnum iridium silver, gold, tantalum

rhodi um rut heni um or rheni um 20. The ALD nethod of claim 17
wherein the precursor conprises (CH3)3(CH3IC5H4) Pt . 21. The ALD
met hod of claim 20 wherein the reactant conprises one or nore of 02,
wat er and ozone. 22. The ALD net hod of claim 17 wherein the
precursor is flowed into the reaction chanber before the reactant.

23. The ALD nethod of claim 17 wherein the precursor is flowed into

t he reaction _ghanber @ter t he reactant. 24. The ALD net hod
of claim 17 WHerei'A® f‘ﬂ mathad @f glgimpaviigreiivthegmiequeior sapiisesir e conpri ses
a t ur bopGip);(CileGdH, Gt unit or a cryopunp. 25. The ALD net hod
of claim17 wherein the at |east one flow control structure conprises
a check-val ve. 26. A CVD net hod, conpri sing:

flowing a m %fur eThd AbRtrethiodbfclaimtad wheraaticirentphesmpkes ditcorhort Uf @,,
conpri Siygr@Rg oneOr e precursors and one or nore reactants;

reacting the one or nore reactants with the one or nore precursors to
forma deposit; some of the one or nore precursors remaining

unreacted; 22 The ALD mefhb@br didk 17 SRl aﬁg@éUéHﬁL thWeoIng&S ttlﬁ}e@%%&io%”

chanber he exhaust fromthe reaction c er conprisin
r emai ni ﬁ%émjbnelfgﬁgéfeet 96'??8%& nore precursors; and f1 owi ng
t he exhaust across at |east one precursor trap configured to

sel ectively $4ap f e one or nore unyeacted precursors
relative to ot herﬁltgc#rlr'p%g}aéetﬂéj{gfg A hgw'éﬁrﬁﬁ‘dg? Pregygords flqweg dto Bigereaction

pr ecur sefentheapitasdhavgaetantf i gured to retain the trapped precursor under
conditions that preclude reaction of the trapped precursor with other

conponent s t he, exhaust . .
np 054. erhe)ﬁxLB methad of claim 17 wherein the at least one flow control structure

comprises a turbopump, destruct unit or a cryopump.

25. The ALD method of claim 17 wherein the at least one flow control structure
comprises a check-valve,

26. A CVD method, comprising:

flowing a mixture of materials into a reaction chamber, the mixture comprising
one or more precursors and one or more reactants;

reacting the one or more reactants with the one or more precursors to form a
deposit; some of the one or more precursors remaining unreacted:

after the reacting, exhausting the reaction chamber, the exhaust from the
reaction chamber comprising the remaining unreacted one or more precursors: and

flowing the exhaust across at least one precursor trap configured to selectively
trap at least one of the one or more unreacted precursors relative to other compenents of the
exhaust, the at least one precursor trap being configured to retain the trapped precursor under
conditions that preclude reaction of the trapped precursor with other components of the exhaust.

15




27. The CVD nethod of claim 26 wherein the at | east one precursor
trap is operated under conditions which retain trapped unreacted
precursor at a tenperature which precludes oxidation of the trapped
unreacted precursor by any oxygen that may be present in the trap.
28. The deposition nethod of claim 27 wherein the trapped unreacted
precursor conprises Rh, and wherein the conditions include a trapping
tenperature of less than or equal to -40C. 29. The CVD net hod
of claim 26 wherein the precursors conprise platinum the reactants
conpri se oxygen, and the at |east one precursor trap retains
gglrj:?ct gdagggﬂ 28?18 VDA Ao RIS Y6 FREreRlind attlgagpgrqeaérgcru?sgr r§§ Estogggte%r
under conditions which retain trapped unreacted precursor at a temperature which precludes

oxidation of the trapped unreacted precursor by any oxygen that may be present in the trap.

28. The deposition method of claim 27 wherein the trapped unreacted precursor

comprises Rh, and wherein the conditions include a trapping temperature of less than or equal
to -40°C.

29. The CVD method of claim 26 wherein the precursors comprise platinum, the
reactants comprise oxygen, and the at least one precursor trap retains unreacted platinum-
containing precursor at a temperature less than or equal to about 10°C.
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