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for Mnimzing Parasitic Chemi b‘ﬂmmmmm position During Atom c Layer
Deposition Field of the Invent e _present i nvention i $2jApritddes ar ea of
cheni cal Wﬁgr deposition, and perféi'fis nore particularly to new nethods
and appara 143p depositing filnms by.atom c | ayer depositPOnvusiin21e
invention is an extension of these new nethods and particularly covers a
met hod for preventing parasitic chem cal vapor deposition and the resultant
cont am nati on. Background of the Invention In the manufacture of integrated
circuits, deposition of thin filns of many pure and conmpound materials is

, atplpamm ‘ . . lJ,sh h
gggggis'?irgns. I'n rece§&§ﬂ%mia§%§gﬁtlg%§%? f@%i@iﬁsﬁ%gf thin
films in the art hasrlgeén E'ﬁ’ géﬁ?lmffe erildeposon whi ch has proven

to have superior ability to provide uniformeven coatings, and to coat
relatively conformally into vias and over other high-aspect and uneven
features in wafer topology. As device density has continued to increase
and geonetry has continued to becone nore conplicated, even the superior
conformal coating of CVD techni ques has been chall enged, and new and
better techniques are needed. Thiel hedavertfor@ vari ant of CVvD, Atomic
Layer Deposition has been considere or rnprovenent in uniformty and
conformality, especially for Iow tenperature deposition. However the
practical 1npl gxre e bR . requires a._solution to higher
purity and hi gher ri{’%%gﬂg‘r’]%&’tmﬁids‘g%% gh%ﬁ?@%@@%&?ﬂﬁ’ég@m AchpgriaiRgent s .
*300002* more particularly to new methods and apparatus for depositing films by atomic layer

deposition. This invention is an extension of these new methods and particularly

covers a method for preventing parasitic chemical vapor deposition and the resultant
contamination. |

Background of the Invention

In the manufacture of integrated circuits, deposition of thin films of many pure
and compound materials is necessary, and many techniques have been developed to
accomplish such depositions. In recent years the dominant technique for deposition

/ of thin films in the art has been chemical vapor deposition (CVD), which has proven
to have superior ability to provide uniform even coatings, and to coat relatively |
conformally into vias and over other high-aspect and uneven features in wafer
topology. As device density llas continued to increase and geometry has continued to
become more complicated, even the superior conformal coating of CVD techniques
has been challenged, and new and better techniques are needed.

The approach of a variant of CVD, Atomic Layer Deposition has been
considered for improvement in uniformity and conformality, especially for low
temperature deposition. However the praciical. implementation of this technology

requires a solution to higher purity and higher throughput. This patent addresses these
requiremerits.
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.12 April 2006 WD 01/45158 -2 Atonic Laver Deposition PCT/US00/32016 In the
field of CVD a process known as Atonmic Layer Deposition (ALD) has energed
as a promising candidate to extend the abilities of CVD taolnpripsss, and is
under rapid devel opnent by semi conductor equi prent manufacturers to further

i mprove OM@I0/45188i stics of chemical vapor deposition. ALD | sefu s
originally ternmed Atom c Layer Epitaxy, for which a conpetent #Hg@goﬁgnce
is: Atom.c Layer . Epitaxy, edited by T. Suntola and M Sinpson, published
by Bl ackie, G asgo and London in 199G.2-This publication is incorporated
~herein by reference. Generally ALD is a process wherein conventional CVD
processes are divided into single-nonolayer deposition steps, wherein each
separ at e Atgmici Eayer Deépapitidnheor eti cal |y goes to- saturation at a single
nol ecul ar or atom c nonol ayer thickness, and self-term nates. The

deposition is the outcone of chem cal reactions between reactive nolecular
osing the

precursors andintthe fislst iy larity to CVD, el enents co

filmare delivered as no ecul gllroraf)sréeﬂcqug?@oais \OoR W%S@?'P%Mgﬁasdeposi t
the pure emsssd asp Plidnnsmgd:aadiﬂmdena'isﬁtehdﬂﬁaé’dbﬂit{e%'bf@mecﬁmﬂﬁf:escO'TQBC%Ee the

nol ecul arung&eﬁwds&)rv% r?éflfi gﬁnds ] I& t he case of CVD the nol ecular
precursors arerfed {ORHSL RE S lepndygier equpmenymanyfectwers té\figtiestrate i s
kept at imprseahbfacteridtts oiScHeRlEdl . chem cal reaction between
t he nol ecul ar, precursor o concgﬁéﬂ%ﬁﬁ_éﬁ%ogﬁgﬁﬁa IS 2 pracssy priginaly

by pr oduct&med Atemis kayer Enitasy  foasthichna mrﬁﬁe:ﬁd&ai&ﬁbrﬁ@i&‘?ﬂt&mkh.eag%PSi red pure
film FOEF%‘EHRMB tl.lggs Itar%ﬁ],gokecul ar precursors are 1ntr ced into
the ALD “feactor sepgra 0’2 a6 - punpiogcpyblished by Blaskiey Gldsgovandy one
precur sokosdomint 1990, Thieputdicatitt &l T ML M= A, W Ta, Si
etc.) that cogqai nf a ?r?{%l lcgl emd?éﬁﬁﬁﬂﬁiﬁeéﬂn%r%%ﬁeﬁgﬁ to atom c or

mol ecul ar | i g&qaFally AL isgpeocasswhertinl eonvertionel €VDTh8cest® @k dRigGUr SOr

reacti onintesihyelhdhdNydrdehO¥iRSh Qt%psl eHereif] %as.chpslje;)grla?egdépgéiggjl rsT:eg ate this
theoretically goes to-saturation at a single molecular or atomic monolayer thickness,
-and self-terminates.

The deposition is the outcome of chemical reactions between reactive
rpo]ecular precursors and the substrate. In siniilarity to CVD, elements composing the
film are delivered as molecular precursors. The net reaction must deposit the pure
desired film and eliminate the “extra” atoms that compose the molecular precursors
(ligands). 1In the case of CVYD the molecular precursors are fed simultaneously into
the CVD reactor. A substrate is kept at temperature that is optimized to promote
chemical ret?ction between the molecular precursors concurrent with efficient
desorption of byproducts, Accordingly, the reaction proceeds to deposit the desired
pure film. _ | )

| For ALD applications, ?hg molecular precursors are introduced into the ALD
reactor separately. This is practically done by flowing one precursor at a time, i.e. a
metal precursor ~ MLy (M = Al, W, Ta, Si etc.) that contains a metal element — M
.which is bonded to atomic or molecular ligand.s ~L tomake a vélatile molecule. The
metal precursor reaction is typically followed by inert gas purging to eliminate this
precursor from the chamber prior to the separate introduction of the other precursor.

This purge step (or sometimes a pump-down step) is key for ALD ﬁlms

without the undesired CVD component. During the purge (evacuation) step the last



.precursor fromthe chanber prior to the separate introduction of the other
precursor. This purge step (or sonetines a, punp-down step) is key for ALD
films w thout the undesired CVD conponent. During the purgegyg@guati on)
step the last. 12 April 2006 WO 01/45158 PCT/ US00/ 32016 - 3- used chem cal is

renoved Won1/45188 chanber and gas introduction |ines, enablip SP&%{?quct I on
of a different chemical. An ALD reaction will take pI ace onIy |

surface is prepared to react directly with the nolecular precursor.
Accordingly the surface is typically psepared to include

hydr ogen L.J_no. and that, are reactive with the netal _
pyecu?sorl&g@tcﬁlélg%gp{s d ftﬁr%mAE%‘éiﬂﬁnbl?ﬁ aB%ﬁ%WH@QE‘HIOPdWCBMbWH h all the
P Gonas anucantonafbatmantidaion! | & rond yer of Lhe me al withits
passivating ligand: substrate -AH + M, --~ substrate-AM." + HL, where HL

is the exchang “r‘%‘a@tfPWOBW'Hrtdéﬂjdﬁce oru ifithe surfiece ieaeparvd th heact ni él al L
" gands, e i ¢ 8 PRy *Aevordigl fheritase g vl mrepred.

| i gands, that” cannot Feact

, Ther ef orte inciude hydacgenmmnmmg tighndsat A thdt@Re Alabtive\Rith fHelrhéh) | | gands are
: repl aced with I\g_ species. After conpleting the netal precursor reaction

all of tREENEC lB-Fagﬁur’E%ch‘{'% fea@%%%ﬂnmjowdmé@cgw&hmumefhms on pri or to
cond. type.of precursor
Led o hefifaoBaR agRek MhoR B f e mEdCwi R RS PRE ARG HEand Sibrits | | e

el i m nat FAY % ML substrate-AML, ﬂ-&ﬁemﬁdré HGisAht ExhanESeadhlbyrdR&Ocesses
have bee AH’SEI jed to deposit compound films. In this case he. second
uf

.precurso hasacion the "H“éie%lrﬁaé%lhsmmw ane nonstmed an() thed sanfacé - A (i .

' ok @) N 2S. The reaction:
?i\/LI\I +S) R -~sf&d£r@&’%%w&ds g@gp}éi' gf FF‘BF bl 9"’%‘3%‘?@%"&%{1 reactions
are not m\aﬁbﬁdﬁorcd}wmbMdiwf-wﬁaﬁs@@m@H th@uﬁﬁalﬁﬁ’aﬁd&Vﬁé?ﬂ)laceEhe desired

addi ti onal enent. - Ais deposited and the ligands L are elimnated as
vol atile B{) SJPOtﬁB’E’ - Agai n, the reaction consunes the reactive sites (this

Lime the L LeAonaimblefin BRmalrbroafidr RBith A M Retal pricRGH e STt oS

are entirely deplete
typlcally removed ﬁ'om the reactor prior to the mtroductlon of another precursor. The

second type of precursor is used to restore the surface reactivity towards the metal
precursor, i.e. eliminating the L ligands and redepositing AH ligands.
Most ALD processes have been applied to deposit compound films. In this
case the.second precursor is composed of a desired (usually nonmetallic) element — A
(i.e. O, N, S), and hydrogen using, for example H,0, NH;, or H,S. The reaction: -ML
_ + AH, — -M-AH + HL (for the sake of simplicity the chemical reactions are not
balanced) converts the surface back to be AH—cpvered.. The desired additional
element — A is deposited and the ligands L are eliminated as volatile by-product.
Again, the reaction éonsumes the reactive sites (this time the L terminated sites) and
self-saturates when the reactiv; sites are entirely depleted.
| The sequence of surface reactions that restores the surface to the initial point is
called the ALD deposition cycle. Restoration to the initial surface is the kepstone of
ALD. It implies that films can be layered down in equal metered sequences that are .
| all identical in chemical kinetics, deposition per cycle, composition and thickness.
Self-saturating surface reactions make ALD insensitive to transport nonuniformity
either from flow engineering or surface topography (i.e. deposition into high aspect

ratio structures). Non uniform flux can only result in different completion time at



. The sequence of surface reactions that restores the surface to the initial
point i's called the ALD deposition cycle. Restoration to the initial
surface is the keystone of ALD. It inplies that filns can 2 %X%red down
in equal netered sequences that are "all identical in chen1c i etics,
deposi ti orwpeu/4siggl e, conposition and thickness. Self- satur%%hggmé rface
reacti ons make ALD insensitive to transport nonuniformty 8 £ 1 ow
engi neeri.ng or surface topography (i.e. deposition into high aspect ratio
structures). Non uniformflux can only.gesult in different conpletion tine

at 12 Apri [ 45158 _ PCT/ US00/ 32016 -4- different areas. However,
if each of&ﬁp"q‘?é‘éﬁf qi%‘ge"eé lﬁ?qcéxﬁgﬂl%@a@mueﬂbvmd toleempiéte e theagrpize t he
di fferent aeﬂnh@a,mpedﬂcaﬁbl Egngﬁfg%?%aggg é&ig’nAs is often the case with

process devel opnent, the initi tages of a new technique do

not, in the endAs sraftenrthe h&senvtfhxbrbceslIdbvdbprﬂéxﬁnlh%@mtx%r‘%ﬁ%@d’%hﬁ{mgeﬂ-D has
r,obl em ke CVD reactions that are of

a serious § ltg 1
conti nuous st ead)?c Tg'tlg %ﬁ?tu’r”etheﬁﬁ attainctheis fall f%qlqlwplmsneUnﬁsthately,

mol ecul ar -AlDThas @ sericUseuAddn il pkbtlgh! O urface reactions
depends on the individual reactpl on ratelgéetc\%eieﬁeggglrroltgitl.ﬁrﬁp ?)recursor and

a surf ace SPBURYQuS stegdy éﬁamtufh,ef‘xhl)rrbmtlonmfolh:mkxlneﬂnctseoﬂrﬁd@bulwes&fdc@S As the

reaction surface i converted from being '

reactive %eﬁgﬁ&?eg&eﬁgg@hﬁéiegﬁp € ﬁ?cet rachqng P‘H’rﬁlsr“&ttge inglividal; ng down

during t heemtepmsate betweeha m&&tﬁzirrﬂi’édh?ﬁor(iﬂaﬁ shﬁﬁcer r%ﬁ@av[ﬁdﬂ/e%ﬁﬁ_eﬁ e?rr t :c onal
er o

to the Fb 1g{e{reactlve sites, dN dt = -kN, where
reactive § agiedeqctive s“?sneAf(g’PrﬁgﬁCQOB |PfQ980dsetaamemletrm1t the sotfate Rat i ng

reactive react sites) follows an
exponent i g?ﬂ‘??ﬁéeygﬁ ﬁ%gﬁ%\ﬁor})on-re v@x;f(‘s "’Kfe)g“'?gﬁ reactionfatete P}P&Im"

property d@wnﬂhﬂngjtlm-dﬂpbilﬂ&e hitﬂehlnﬁﬂeét@ﬁsertﬂ@?ﬂe aiN/aE lsltﬁ?g c?{n Snti st
preta |on o1

Langnui r, g | -known in the art. The intée
Langmui r i 'élffn ?rertrg"ccé’vF Fﬁ?st dN/ds T kN, mibste Mtietheguster ofeactivessiteaakd &fis ALD and
a severe me\kiagle@Ref reathidn8te ‘Eﬁﬁm?ﬁ He'é@u efé?t;tég d ngwét(qfﬂﬁga(mma fequire

self-term nating reactions never rea
an i nf i niftegcted sites) follows an exponential time dependence kN(t) = kNoexp(-kt). This

~ fundamental property of molecule-surface kinetics was named after the great sclentxst

Langmuir, and is quite well-known in the art.

The interpretation of Langmuirian kmetlcs limitations illustrates a serious
drawback of ALD and a severe deviation from the ideal picture. Accordingly, the
self-terminating reactions never really self-terminate (they would require an infinite

" time because the rate is exponentially decreasing).l 1t means that under practical
conditions_ Fhe surface is never entirely reacted to completion after a deposition cycle.
If the surface is not completely reacted there are leftover undesired elements in the
film. For example, if the ML, reaction cannot totally consume the surface —AH sites,

the film will have H incorporation. Likewise, if the AH, reaction is not carried to
cdmpletion, undesired L incorporation is inevitable. Clearly, the quality of the film
depends on the impurity levels. The throughput-quality tradeoff is of particular

~ concern because it carries an exponential throughput penalty te attain a reduction of

impurity levels,

In conventional atomic layer deposition one must accept low throughput to

attain high-purity film, or accept Jower-purity films for higher throughput. What is

clearly needed is an apparatus and methods which not only overcome the



‘time because the rate is exponentially decreasing). It neans that under
practical conditions the surface is never entirely reacted to conpletion
after a deposition cycle. |If the surface is not conpl etell&%p?i@%é(ﬁd t here
are |l eftover undesired elenents in the film For exanple, it the M.,
reacti an ®meists5158ot al |y consune the surface - AH sites, theP&fJﬂ?bdﬁfois have
H incorporation. Likewse, if the AH , reaction is not carried 10

- conpl etion, undesired L incorporation is inevitable. Clearly, the quality
of the film depends on the inpurity | e$els. The throughput-duality

tradeoff I ks becguse i.t carries,an exponenti al
thr oughput hmfing iitsRbns GHERLRand5a31 BEvids Rahom ey Sums Baniave

convent i onklenavailabde irethe pride pashdthedd. Sueh AHSdratd r.ou t to
attain high-puyi tg film or accept |ower-puri tyggﬁ{rﬁg g?"%ipgﬁ‘gipgy“‘

t hr oughput®™m efts of thepresent jventen, itanghn imgnahling detaibbelowet hods whi ch not
only overcome tiedhZichbithe AR 1/ 45158 PCT/ US00/ 32016 - 5-
Langnuirian |im ?gﬁﬁbns 6{1& Sl nﬁ??%g}g&%ﬂ‘ osfhequcals. sueh asthe Ml and) ns t han

have beemRuinithabbeve exanipbe areitppicallyt extRitedf feacthrC An@RARIANH lﬂ? etafls; VBt hods
are provi dea? LN (g\gﬁod(* ments of the present invention, taught 1n enabling
detai | bel'B8PsIEA CYHisidesgagtions ithay soaxist de the chamber even at fae lebelsi cal s, such

as the M SinceTND ' ; ire,tyoicall xtremely-reactive,
and will | ead 10 25? ev’ﬁ’?i“vﬂéﬁs‘ﬁ?‘ﬁéé??’?éﬁﬁ%%a%aageﬁﬁcﬁpaﬁ@ “FE’FWecoexi st in
t he chanb&osedifficuit and clallengiug hspect & engineeNR: hizhahMREHpHgS| T abl e

conpani Onadla?ﬁhse nd efficient purge has been the nost difficult and
chal | engi AR aspect of engineering high throughput ALD apparatuses.

. Chemi cal del i vEhgmidah ﬂélininbﬁmﬁﬁﬁfetshQHQnﬁ il o‘?iraé;?@dgsgoﬁ;gm%/ ?ql#[:nﬁﬁtgn on

facilitate_ efficient ffpurgl_n of chem cals. Howeve
ef fi ci ent ¢ffigiegtrerging offchemicals dawaven semedingitsionog dfficient urght édrhéul t t O

uppr ese. P Rt FBadsl Fuals AR e, Aracingbigeme saseoticd | s a
rapi d netdbenhical niigimpvs dgpossittetcuPpidss Wah tRfouhsut ﬁ’iﬁﬂi@d%ﬂéh%u}‘fe‘%ﬂnes. :
What is needed is a rapid method of removing trace quantities of the previously used
chemical precursor prior to introduction of the desired new chemical precursor.
.Our invention, which provides the clear and present need, provides an ALD
~ Pre-Reactor as an apparatus and process that eliminates trace amounts of chemical
mixing without CVD contribution to the ALD film on the substrates,

Summary of the Invention

In a preferred embodiment of the present invention a, in a coating process having a
processing chamber for holding a substrate during coating and a source of differing precursor
materials to be supplied to the processing chamber in altemating cycles for reacting in the
coating process, wherein in the alternation of materials, one or materials from one cycle may
contaminate materials in an alternate cycle, a method for minimizing parasitic chemical vapor
deposition on the substrate or the walls of the processing chmnl;er from said contaminant
materials is provided, comprising steps of (a) imposing a pre-reaction apparatus between the
source and the processing chamber such that materials supplied to the processing chamber must
flow through said apparatus; and (b) providing activation energy in the pre-reaction apparatus
sufficient to cause contaminant elements to deposit by CVD: reaction in the pre-reaction



.cheni cal precursor prior to |ntroduct|on of the desired new chem cal
precursor .‘Qur invention, which provides the clear and present need,
provides an ALD Pre-Reactor as an apparatus and process that gme dggl nates
trace anmounts .of chemi cal mxing without CVD contri butron t e ALD film
on the substrates. Summary of the Invent%on In a preferred enbodi nent of
the present invention a, in a coating process having a processing chanber
for holding a substrate during coating and a source of differing precursor
material s S | i dtoth [ OCES chanb alternatin

f or reacti%@pﬁ%ﬁgm 8?}%6“‘5\%8@% %r}ﬁg °§S?F éﬂ 8?“3‘?#‘&‘?%8&5'“

mat eri al s, Depesitioh (ABDgri als from one cycle may contamnate nmaterials in an
alternate cycle, a nethod for m.nim zi ng rgaralec chem cal vapor

deposition on t . semgsepbadiments thee PiRzpacHo fAPPAYVS, CHRPIEES (fy S ghambeg 1,
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pre-reaction apparatus between the source and the processing chanber” such

t hat nat er hegtisg §l§pffrqeéuﬂwbﬂlerr@n€meé@é§erswam@her by striking,¢ plasmaiprthe ai d

appar at us; i

abpar at s SDLielcimblr O et i BShehofl e R B appllod rffisd f82 ey e

reaction i hetwean the sourasaand itterpra@ssiqerahhmbaOad i axpipationevesgy Mg berpioiided by
articul ar the t as At

Bobosit on el PaRbe e hOSARIRS KISl ol Rbbich Spbb Al SunBiELs < o

a separ at egashdismmtnontmbmheudt Wwithin athe pmcwsﬂgtdhanbdrpdﬁs&umoﬁ leaedge rmayabel t he

of 1 ho. sepHPAEE? BrRaHERorE o ALt e e TR Sea e s Ry

I'n ot her earbmiuﬁenea&mghmeprsebmctdromyaaﬂamgt ds ﬁ@mrw&mﬁ @RS sHoWetheadt Ubi ng
bet ween the souyce t%nd t he processjing chamger, and t he activation energy

may be provi dedipotheraspechef theinyentigh a prareaction spparaius forpicpating Sysiam BaWgR ment s

the pre-reggdes aa%elafovﬁom@wuse%t@dmggaoﬁhg ahd RUSirQ oG Bfeqmm thin
the processing chanber, the activation energy nmay be provided heat

transfer twatgriakyia besunphied shiwaronsssingr chember ineltemating ¢y&tee forr xmtmgen the
substrate ag ﬁ'&go%@ka (ﬁHQTelﬂ'?ﬂltthQ tetiBor HERAEANE on9 br YreSthatbrtts ¥eorf? oRd

within the s anot er aspect 0 L I nvention a pre-re I on
appar at us may centamimpienmatsials dm dnaeltempten cyqly osc@wdwg, teaprioecaciar am;imlumg a

. Substr a_t € c%H{phBﬂg GO8kst O ;ﬁgsqgéa‘fo§ qilivesy oPnatbihls B5ewath B5 SGIESRE the processing

" chamber, and an energy provision system for providing activation energy sufficient to cause

contaminant elements to deposit by CVD reaction in the pre-reaction apparatus. The process

may comprises Atomic Layer Deposition (ALD).

In some embodiments of the apparatus the pre-reaction apparatus comprises a separate
chamber between the source and the processing chamber, and activation energy is prov1ded by
heating a surface within the confines of the separate chamber, or by striking a plasma in the
separate chamber. In other embodiments the pre-reaction apparatus is gas supply tubing
between the source and the ptocessing chamber, and activation energy is provided by heating
walls of the tubing. In still other embodiments - '/ the pre-reaction apparatus comprises a gas
distribution showerhead within the Iﬁrocessing chamber, and activation energy is provided by
heat transfer to a wall of the showerhead facing the substrate from the substrate and a hearth
heating the substrate, or by striking a plasma within the showerhead

In yet another aspect of the invention a substrate coating system is provided, comprising
a processing chamber for holding a substrate during coating, a source of differing precursor



.materials to be supplied to the processing chanber in alternating cycles
for reacting in the, coating process, wherein in the alternation of
materials, one or nore materials fromone cycle my cont q?iArsb?ﬁgodgateri al s
in an alternate cycle is provided, the pre-reaction apparatu conpri sing
at | east one passage for delivery of materials between the source and the
processing chanber, and an energy provision systemfor providing
activation energy sufficient to cause@Tcontani nant el ements to deposit by
CVD reaction in the pre-reaction apparatus. The process rmay conprises
Atom c Layer Deposition (ALD). In sone enbodi nents of the apparatus the
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wi thin the gandnbdasnéits bhtheSRERNAIGeIVATRRIpht B edd¥lisd Bétkil BOlow, Bb2GER i n the
separate chanber. In _other epbodinents the pre-reaction apparatus -

conpri Just tyBga wﬁmdwngl aPPFRuS 1s provided that effectively removes contaminant gases in
' atomic layer deposition processes, and allows cycle times to be significantly decreased as a

result,



.between the source and the processing chanber, and activation energy is
provi ded by heating walls of the tubing. In .yet other enbodinents the
pre-reaction apparatus conprises a .gas: distribution shq&g&%g eWM thin

t he processing chanber, and the- activation energy is provi y heat .
transfer to a wall of the showerhead facing the substrate fromthe
substrate and a hearth heating the subs®Pate, or by striking a plasm

wi thin the showerhead. I n enbodi nents of the present invention, taught in
enabling detail below, for the first time a nethod and apparatus is

provi ded that effectively renoves contam nant gases in atomc |ayer
deposition processes, and allows cycle tines to be significantly decreased

as a result. 4 12 April 2006 - BheBaiclint@a%rihl fied N€ Drawings Fig. |
is a. generalized diagramof a mm—gr%?ssotm-%gppar atus- for
practicing a radical -assisted sequential. CVD process according to an _
enbodi nent of tplg;sﬁ)r.esent Il?ﬁ\?ﬁ tion. |f:,la . 2 is . a step diagramillustrating

the essential steps &f +8H%E 1421318 of a feastarand gssqniated appargtugfors i s a
step di agr gprattidings Fafidalassied Sequlnial (O GRbceds Sicdt@ifle YR BrB6fRtnt of .. .

‘according tp an enhodi nent of the present "I nvention. Fig.

typi cal ti rtBCAESeHARYANUOReni cal precursor partial pressure curve for :
systens W th welg; i ‘ source and.pul sing. subsystens. Fig. 5
represents a timec e%e‘%%ﬁfig’gﬁéﬁnil@gﬁm t@ﬁl"%%?f‘%ﬁ?ﬁ“# anagBiglayerur ve
wher e shar gdlepositén prodessf | ow of f' conditions are achieved as a result of
practicing an g;rb di ment of the present invention. 'Fig. 6 is a

general i zed di adtém @ sien @agrapyillystiptingsteps in a dadipplaassisted G¥P pracdss evi ng
radi cal asgbddr@iste 36 94 €bb ' . an i nproved enbodi nent ‘of the
present inventi o%.v\,h_i ch eﬁmrﬁgfglgﬁ%%g@ﬁe "BV si de reactions. Fi g. 7
illustrates a s&idllustpitesetypinl tmedbpértient clratios! procuTsd- paftial présurd

i1lustrat Ceurde B iRl ETS2h te'sigrrllctp éast ow Soiace and ;)SlsilillggshbSGystems.
Fig. 5 represents a time dependent chemical precursor partial pressure curve

where sharply defined “flow off” conditions are achieved as a result of practicing an
embodiment of the present invention.

Fig. 6 is a generalized diagram of a reactor and associated apparatus for
achieving radical assisted sequential CVD accordihg to an improved embodiment of
the present invention which eliminates undesired CVD side reactions.

Fig. 7 illustrates a second implementation of the reactor in Fig. 6.
Fig. 8 illustrates.a third implementation of the reactor in F ig. 6

Fig. 9 illustrates a fourth implementation of the reactor in Fig. 6.
. ] _



Fig. 9 illustrates a fourth inplenentation of the reactor in Fig. 6. 12
Apiil 2006 WO 01/ 45158 PCT/ US00/ 32016 -7- Description of the Preferred
Enbodi rents The inventor has devel oped an enhanced vari at il?'}x 2dd6P whi ch
alters the conventional surface preparation steps of ALD and overcones the
probl ens ofvo ogasmsent i onal ALD, producing high throughput w tm%s0032016
conprom sing quality. The inventor terns the new and uni que process

Radi cal Astisied Sequential CVD (RAS- CVD). Fig. | is a generalized diagram
of a system 11 for practicing RAS-CVD -according to an enbodi ment of the
present invention. In this exenplary systema deposition chanber 13 has a
heat abl e hearth for supporting and heating a substrate 19 to be coated,

and a gas distribution appaidtisriof 4P e PreferiPRRINAR AR, 07 delivering
gaseous species to the subSira S ; strates are

I ntroduced and renoved from chanber 13 via a valve 21 and
subst r at e- handl +ng. rat us not shown. ses are _supplied froma gas
sourci ng and puTﬁ;elqlrrlng‘é%f)g aedggﬁgaﬂﬁ%ﬁ’c? Yariatesn Ofﬁé{[gwh@ ateas thel vi ng
appar at us doawertimdbdirfagt piepBfativh dtepd 0B AT TP SRISIh&! the nfb] nQP{n* onal
treatnment apparatus 25 is provided for producing gas raal ca?s rom gases

suppl i ed foaMeTional ALDs proglucigdighethroughpircwitbot somprdmisingvquatind Tieder st ood
inth t: | lified ' to aygQid fusjon. By a
o o i amylr i B Rew MR iy B by B Rod B4t ol (b SRasES [

di atom ¢ f@VD). and exists principally in nature in this form Diatomc
oxygen may, however, be caysed to split to nonatomc form or to. conbine
wi th anot her atd$n t 1§ aenerglizeddiagram ef aeysteoul bfogipracticineRASEGWD. Bot h
monat om C ,exame t84f |, of en, and are nore
reactive than diat O%ﬂl@@l‘j@é&éﬁfﬁ%ﬂirﬁﬁ%ﬁgj@é@g i'H?'ﬁ%g%SﬂT‘Wém YS§M Ehe present

i nvent i on depesitiadéhaadber13 hps oHemsisle heghthifor Suportin 41 IRaBhe DshiBdtiRe P9
hydrogen, and nitrogen; although the

i h .
 nvent i on i Be feaecs and & eps ARt iurian apparawAcshEea ghoseathedd 5, for dalivaring ep
di agram ogaskofOspeeret tOie!subltfiit Surkité§6 bPEBASd. t § Bl $8&Stroduced and

removed from chamber 13 via a valve 21 and substrate-handling apparatus not shown.

Gases are supplied from a gas sourcing and pulsing apparatus 23, which includes
metering and valving apparatus for sequentially providing gaseous materials. An
optional treatment apparatus 25 is provided for producing gas radicals from gases
supplied from apparatus 23,

The term radicals is well-known and understood in the art, but will be
qualiﬁéd again here to avoid confusion. By a radical is meant an unstable species.
For example, oxygen is stable in diatomic form, and exists principally in nature in this
form. Diatomic oxygen may, however, be caused to split to monatomic form, or to
combine with another atom to produce ozone, a molecule with three atoms. Both
monatomic oxygen and ozon% are radical forms of oxygen, and are more reactive than
diétomic oxygen. In many cases in embodiments of the present invention the radicals
produced and used are single atom forms of various gases, such as oxygen, hydrogen,
and nitrogen, although the invention is not strictly limited to rhonatdmic gases.

Fig. 2 is a step diagram of a conventional Atomic Layer Deposition process,
and is presented here as contrast and context for the present invention. In
conventional ALD, as shown in Fig. 2, in step 31 a first molecular precursor is pulsed

in to a reactor chamber, and reacts with the surface to produce (theoretically) a



and js presented here as contrast and context for the present invention. In
conventional’ ALD, as shown in Fig. 2, in step 31 a first nol ecul ar

[ [ ts whth . surface
recursor is pulsed in to a reactor chanber, and reac ace
Fo produce (theoretically) a 12 April 2006 WO 01/45158 PC\'WL‘E&E)?@SMG 8

: . : . the AgSor 1S
monol ayerWe0145158si red material. Often in these processes ,}}Tet,g
a net al>/- bearing gas, and the material deposited is the nmetal; %‘g’n?aﬁ?um
from TaCl5, for exanple. In step 33 in the conventional process an inert
gas is pulsed into the reactor chanbe8-to sweep excess first precursor

th ﬁé]’g?é‘ 1.5 LN convent i onal stem a _second _precursor,
I;gimcal Fyﬁgon- r?é)tf gﬁe?lg&p?géghll s%@grf S °%%Pé°?°é§%%‘§¥?f%ob’fslarmp@l pur pose of

i i j j teldi i k toward
thi s secdredripg gesasdthe matedal depositddi i9thd Metal Tntdlerh From! Theferdpac
reacti vi tY vmpih the first precursor. In many cases the second precursor
al so provi &%t erial fromthe nol ecul ar gas to conbine with netal at the

> : , : he
face, form G d r a.nitri,de th t .
fSlrJresﬁI y- deposil?géﬁﬂgﬁﬁg%rﬁg%ﬁgy%gﬁne@g&fsg’ é'%gg'rpstw‘b{ﬁaﬁggt ggal _rll_hteo
ergp s sxaeanfirst presorsos fiom thadhihiber. St ep is rep d.
remye, oXEESEeUP spisep s ' necessary to establish a desired

' - times as is i _
1(‘: iyf:lme ;:;sgr ege?ég%pgt%éW@@&ﬁ%qqafﬁﬁﬂﬁisﬁ@@t%wmﬁ taipically oab~ aSSIh sted CVD
process meetahic,ds pdsédintd1tiR TR e e ﬁfmﬁ@?uﬁﬁo@é%ﬁhié Eé\é%_zr: h%guﬁlgpisépe ?E' que
process il]uystrated by Fig. 3 the first steps, Ssteps ~an , are e
sane as FoPditign %ﬁvbﬁfﬁt@ﬂﬂgﬂce prckcteseard feactivisy witheka/fisPprechirsbl ;Eed in step

B AR 0 e A i s Ly s
7l Fromine sibonealaan e e Fcdbings A S IR i [ 2o° ©
gm :‘ g(r:\gl Méeg%ﬁl’ggﬁsigﬂ%%ﬂgd gﬁ%%qir ![ ﬁe first nol ecul ar precursor in a
subsequent st gpgted RO M STeGRof dhdntber ?s"&%fggéj aga-m fo remove régéensg%gtgeosrecgnds econd
purge, and the cycle is
precursor, and then step 31 is repeated. The cycle is repeated as many times as is
necessary to establish a desired film.
Fig. 3 is a step diagram illustrating steps in a radical-assisted CVD process
adcording to an embodiment of the present invention. In the unique process
illustrated by Fig. 3 the first steps, steps 41 and 43, are the same as in the conventional
process. A first precursor is pulsed in step 41 to react with the substrate surface
forming a monolayer of deposit, and the chamber is purges in step 43. The next step
is uhique. In step 45 single or multiple radical species are pulsed to the substrate
surface to optionally provide second material to the surface and to condition the
surface toward reactivity with the first molecular precursor in a subsequent step.
Then step 41 is repeated. There is no need for a second purge, and the cycle is
repeated as often as necessary t& accomplish the desiréd film.
Step 45 may be a single step involving a single radical species. For example,
the first precursor may deposit a metai, such as in W from WF;, and the radical
species in step 45 may be atomic hydrogen. The atomic hydrogen very quickly and
effectively neutralizes any remaining F to HF, and terminates the surface with atomic
hydrogen, providing reactive surface for the next pulse of WF;,.
In many cases step 45 will be a compound step comprising substeps involving

different radical species. A good example is a sequence of atomic hydrogen followed



repeat ed as often as necessary tb acconplish the desired film Step 45 may
be ‘a si ngI e step involving a single radical species. For exanple, the .
first precursor may deposit a netal, such as in Wfrom W6, Aﬂd}ﬁl radi cal
species in step 45 may be atom c hydrogen The atom ¢ hydrogen very quickly
and ef f eYPH#§5%heutralizes any remaining F to BF, and ter RETASeHE3 2006
surface with atom c hydrogen, providing reactive surface for the next

pul se of W6. In.many cases step 45 wil| ‘be a conpound step conprising
substeps involving different radi cal §pecr es. A good exanple is a sequence

of atom c Byystomireskyigeh | follewed By Apiid W@eﬁ@a@&l TReLBAt Eﬁx’ogéﬁglgg 2016 -9- by

atom ¢ oxygen, .fol|owed by atom-c hy en again. The ogen step
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oxi de of f t al the second atom c hydrogen
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precur sor (©EDpn pieparationfer the hé;ﬁ&ﬁbtdl@frbﬁir&br%fepfmt erials and combinations in
step 45, and are d| sclosed in nore detail below, along with a nore

conpl et e expl andterearedroadoasiety ofanasasials ppd combRASOIBVI stepot 3, and ngnyhe net al
precur sor af@&%lb&'ﬂ in M8 i¥tafl %?PBW ¥Yfonk PF?}norégc%ﬂ)lgfé eggfaingﬁt 1 ﬁrco?:gsstp? epar e

quickly react with products of the nBtal precursor

t he surf achkeristryt he next netal precursor reaction. Radical spﬁcres, as

I nt roduced aboye onms or nol ecular fragments that are
chemical ly X‘E 56’3 EX:l?d?‘Pliﬂé’Y’Eg eé“éﬁabpféﬁlffﬁ@fn@ﬂsﬂ%hrgglx/@acmﬁ: radigat i onI
radi cal s Radi cal s
Sala g%%ereésﬁ ?Prgbﬁﬁceﬁgéfqg&ﬁﬁr eéaéthmiﬂ @Iouﬁétk %f&%fe}xrfsetgr a;{rlhgdﬁﬁ rbacidfc! £ S
t'o be an eﬂd‘t%ﬂfememucfem)ﬁmthﬂ mexmm pr@:hrqormaﬂai |Rud|caRé‘;&ch[hdor ocesses
use only a nol ecul ar . %Saecursor cases a netal precursor.

Sur f ace p!glgggpge[d BRVE 2re At VEsatpg OF E‘ﬁ!fscr"ra?gﬁ!:W"ﬁdW efhgraicallyl enents are
acCconpl | ity aritt HFRoIE AC i FehRa) Hodbifve. TRbAAUOR Sadiba ﬂeﬁérﬁrsoﬁi feeur sor

reaction, The -M_term nated surface is reacted wt ydrogen atons to
convert t%utaces with virtually 100% efficiency. Radicals may be created in a number of
ways, and plasma generation has been found to be an efficient and compatible means
of preparation. _
RAS-CVD processes use only a single molecular precursor, in many cases a
‘metal precursor. Surface preparation as well as the deposition of nonmetallic
elements are accomplished by atom-surface reactions. Following the metal precursor
reaction, The ~ML terminated surface is reacted with hydrogen atoms to convert the
surface into -MH and eliminate HL by-product. Unlike molecule-surface reactions,
atom-surface reactions do not depend on the number density of reactive sites. Most
atoms (except for noble gases) stick very efficiently to—surfaces- in an irreversible
process because atomic desorption is usually unfavorable. The atoms are highly
mobile on non-reactive sites #nd very reactive at reactive sites. Consequently, atom-
surface reactions have linear exposure dependence, as well as high rates.
The -MH surface can be reacted with A atoms to yield a -M-A- surface. In
this case some of the H ligands can be eliminated as AH,. For example the -MH
- surface can be reacted with oxygen atoms to deposit oxide compound. Alternatively,
-MH surface can be reacted again with ML, for atomic léyer controlled deposition of
M metal films. For the deposition of nitride compound films, A is atomic nitrogen.

The surface after the A atomic reaction is terminated with A- and AH At this point



-surface into -Md and elimnate HL by-product. Unlike nol ecul e-surface
reactions, atomsurface reactions do not depend on the nunber density of
reactive sites. Most atons (except for noble gases) sticklz\A .yz(fbfoici ently
to surfaces in an irreversible process because atom c desorption is
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t he surf acerfice ref®iche hat@fe Akt ard i R vards the metal
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A and H apdditiondhe fingbhydrogen reagtioagestiltstim a chirpleteresionaiondo she ihiiae Wit h one

| ess step he. ri bed..react.i ons are radical- surface reactions
that are F‘é’ﬁé&ﬁl@%e@?ﬁ%?necﬁfﬁogﬂtbo"o‘gd@fm"%‘%earI y on exposure. In addition,
the final hydr dgetheremoliRsut b@ﬁéﬂtwmﬁs-_@mﬁﬁhﬁtaesiﬁgggPgé,@%kﬁ%@%gﬁehe

initial surface w thout any incorporation of 1 npur
thr oughpuMetfL RECRESOF StepAssnesderd,i rethenthan shestweghwep stepencetiepintht er the net al

pr écur sor oy ; hap the two purge steps needed in the
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advant age, i §é’ﬂﬁt RAS- CVD promi ses | onger system uptine ahd re%luced
mai nt enant8>- THPPTemisss Janges sysier wptime sad redsiced mabrserants. cThinid becquenched on
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chamber and punping lines is t
module. Downstream deposition on the chamber and pumping lines is therefore

virtually eliminated. RAS-CVD eliminates the use of H,O and NH3 that are

commonly applied for oxides and nitrides deposition (respectively) in the prior art.

These precursors are notorious to increase maintenance and downtime of vacuum

systems.

According to the above a typical RAS-CVD cycle for a metal oxide film will

comprise steps as follows:

1. Metal precursor reaction with —~OH (hydroxyl) terminated surface to attach —O-
ML, and eliminate the hydr.o§en by HL desorption. The surface becomes covered
with L i gands, i.e. in the case of TaCls the surface becomes covered with Cl atoms.
2. Purge with inert gas to sweep away excess metal precursor.

| 3. Atomic hydrogen step — eliminates the ligands L by HL des‘orption and terminates
the surface with hydrogen.
4. Atomic oxygen step - reacts with monolayer of metal to form oxide. Atomic

hydrogen again to leave hydroxyl saturated surface for next metal precursor step.



virtually elimnated. RAS-CVD elininates the use of H2O and NHB that are
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reaction. Alternatively, the -OAl-OH surface can be exposed to anot her
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OAI-OH surface will be more thermodynamically favorable than the beginning
surface, because the process eliminates the more strained (Al-O-), ring structures as
well as titrating away defects and broken bonds). Since the atomic reactions are rather
fast, these quality improvements are not expected to be a major throughput concern.
In fact, ultimate quality may be achieved by applying the O, H cycles for several
times. Following, a given number of O, H atomic reactions the sequence will

continue with the next AI(CHs): reaction.
6. Repeat steps from 1.

For metal nitrides atomic nitrogen is substituted for oxygen. For pure metal
depositions the oxygen/nitrofen step may be eliminated in favor of a single atomic
hydrogen step, such as for tungsten films. The hydrogen saturated surface after the
first atomic hydrogen step is reactive with WFq to'produce the pure metal.

The generic nature of RAS-CVD is advantageous for multiple layer
combination films of different oxides, different nitrides, oxides with nitrides, different
metals and metals with compound films.

In another unique process, useful for barrier layers, the WN process may be

combined with the pure W process to produce alternating W and WN layers in a
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to provide )’ L MN with reduced. nitrogen content at the copper
i nterface %{%?pgiajglﬁqgﬂg%%ﬁéé’?{)‘gﬁgaPW' l;rgﬂ'd'? FUENGHISE he i nvention a broad.

variety of process chemstries may be practiced, providing a broad variety

of ‘final fi . 1N the area of pure nmetals, for exanple, the follow ng
provi des & J4PBten from fungsien hexafluprde.| i st: 1. Tungsten from tungst en

hexaf | uor b dq'antajun ﬁgw*%%&%}?lﬁﬂ{lﬁl um pentachloride. 3. Alum num from

either alumnumtric yl al um num _
3. Aluminum from either aluminum trichloride or triimethylaluminum.

4. Titanium from titanium tetrachloride or titanium tetraiodide.
5. Molybdenum from molybdenum hexafluoride.

6. Zinc from zinc dichloride.

7. Hafnium from hafnium tetrachloridé.

8. Niobium from niobium pentachloride.

9. Copper from CuxCls.
In the area of oxides the following is a partial but not limiting list:

I. Tantalum pentoxide from tantalum pentachloride. |
2. Aluminum oxide from trimethylaluminum or aluminum trichloride.
3. Titanium oxide. from titanium tetrachloride or titanium tetraiodide.
4. Niobium pentoxide from niobium pentachloride.
5. Zirconium oxide from zirconium tetrachloride.
6. Hafnium oxide from hafnium tetrachloride.
7. Zinc oxide from zinc dichloride.
8. Molybdenum oxide from molybdenum hexafluoride or molybdenum pentachloride.
9. Manganese oxide from manganese dichloride.

~H0. Tin oxide from tin tetrachloride.



4. Titaniumfromtitaniumtetrachl oride or titani umtetrai odi ple. S
Mol ybdér'ujm from nol ybdenum hexafl uoride. 6. Zinc fromzinc dichloride. 7.

Haf nium from haf niumtetrachl oride. 8. Ni obium from ni Qbi _ {)) h! oride.
9. Copper from Cu3Cl3. In the area of oxides the foll ow ngllﬁlr&porgg (grctlal but

not |im twogiksss: 1. Tantal um pentoxide fromtantal um pen_tlgﬁ%g@i/sq%s 2.
Al um num oxi de fromtrinethylal um numor alum numtrichioride. STt ani um
oxide. fromtitaniumtetrachloride or titaniumtetrai odide. 4. N obium

pent oxi de from ni obi um pent achl ori de. -53- Zi rconi um oxi de from zi rconi um

tetrachl orji,de. ;. 6. fniumoxide fromhafniumtetrachloride. 7. Zi nc oxi de
from zi nc Wi @WI‘“&? Pég.% fg’.m MSYB drachianidsordEmetyndBIn: hdenum hexaf | uori de or

nol ybdenunepeiigtdnl Sidei®om tInesMi 3085641 de from manganese di chl ori de.
10. yTi n oxide fromtin teTr ac%ﬂ ori de. % April 2006 WO 01/45158

PCT/ Us00/ 330 Bdiconglioxide fromasilivandrtrachldridem | ndi um trichloride or
trimethylindium 12. Tungsten oxide fromtungsten hexafluoride. 13.
Silicon dioxide fromsilicon tetrachloride. In the area of nitrides, the

fol I owi ngli thearqaoftiimided) uhe fillowihglistd Rtidlibak notlimifiBgif-en nitride from
t ungst enghexafl uoride. 2. Tant algurim nIiﬂ?tri de fromta taf um pent achl oride. 3.
Alumnumnitride fromalumnumtrichloride or trinethylalumnum 4.

i1 con t ot r masfen il Honfih BLEFRGHAE 6% it Tm i tride. from
t ri met hyl Zaldntalwm nitride from tantalum pentachloride.

3. Aluminum nitride from aluminum trichloride or trimethylaluminum.

4. Titanium nitride from titanium tetrachloride.

5. Silicon nitride from silicon tetrachloride or dichlorosilane.

6. Gallium nitride from trimethylgallium.

Hardware Requirements

Another advantage of RAS-CVD is that it is compatible in most cases with
ALD process hardware. The significant difference is in production of atomic species
and/or other radicals, and in the timing and sequence of gases to the process chamber.
Production of the atomic species can be done in several ways, such as (1) in-situ
plasma generation, (2) intra-showerhead plasma generation, and (3) external
generationl by a high-density remote plasma source or by other means such as UV
dissociation or dissociation of metastable molecules. referring again to Fig. 1, these
methods and apparatus are collectively represented by apparatus 25.

Of the options, in-situ 8eneration is the simplest design, but poses several
problems, such as turn on - turn off times that could be a throughput limitation. Intra-
showerhéad generation has been shown to have an advantage of separating the atomic
specie generation from the ALD space. The preferable method at the time of this
specification is remote generation by a high-density source, as this is the most
versatile method. The radicals are generated in a remote source and delivered to the

ALD volume, distributed by a showerhead over the wafer in process.
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Fig. 4 is a generalized chemical precursor partial pressure vs. time curve 46 for a well
behaved system using rapid pulsing of the chemical precursor species and purge steps.
The partial pressure 47 of each active chemical precursor is qualitatively shown on
the Y axis of the diagram againsf time on the X axis. The partial pressure of precursor
“A” 49 and precursor “B” 50 are shown for convenience. Systems with more than
two precursors would behave similar]y with distinct partial pressure peaks for each
Co chemical precursor.,
- Of particular note in Fig. 4 is that while the partial pressure of each precursor
rises rapidly at the start of each pulse, there is a distinct “tail” at the end of each pulse.
This “tail” represents an undesired condition where the precursor is not fully removed
from the deposition system. This tail is a result of various real phenomena, such as,
for example, the fact that pases molecules have a certain affinity for surfaces in-
conduits and chambers, and such surface-restrained molecules continue to evolve in a
~ system after gas flow is shut off, a phenomenon known in the vacuum arts as
outgasing. 1f the next precursor is introduced into the deposition chamber 59, Fig. 6
whiie the prior precursor is still present, an undesired CVD side reaction occurs and
contaminates the desired film on the substrate 61 6n Fig. 6. In addition to the

contamination of the film, the undesired CVD reaction could nucleate in the gas phase



-in a further embodi ment of the present invention an apparatus and method.
is® provided for preventing contanination by CVD deposition during ALD
processes. Fig. 4 is a generalized chem cal precursor parbig)psg@ssure vs.
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415- | eadbneachachemdexd preabitser.parti cl e accunul ation on the substrate 61 or in

the deposition chanber 59. Fig. 5 is an idealized chem cal precursor
partial pressure vs. ti me curve 51 for a well behaved system using rapid

pul sing of theofhafbal ndb GFFyS 9ts HRERE Gartia p%ggeﬁ@a% préfificdififiel OVt ve

Pre- Reactor | nvent | on e Int aten | cati e‘parti al
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the Y axip lse fh%%m%n%%h%@ugg aItarllls’tprésle{lrtg9 mOPn,g,tzp 1 ermz%éalttgd pr-mx%n yags:[ Ell ?elsuf)r essure
of an innovative Pre-Reactor described in this invention. The methods and apparatus
used to remove the trace chemical precursor that causes this “tail” effect are described
in enabling detail below.

Fig. 6 is a generalized diagram of a system 56 for practicing RAS-CVD
according to an additional embodiment of the present invention. Although RAS-
CVD is used as an example, the inventor intends it to be clear that the apparatus and
methods of the present invention are not limited to RAS-CVD, but applicable in

| general to all sorts of ALD and many other sequentlal CVD processes

In this exemplary system a deposition chamber 59 has a heatable hearth for
supporting and heating a substrate 61 to be coated, and a gas distribution apparatus,
such as a showerhead 60, fdr delivering gaseous species to the substrate surface to be
coated. Substrates are introduced and removed (item 65) from chamber 59 via a valve
64 and substrate—ha.ndliﬁg apparatus not shown. Gases are supplied from a gas

| sourcing and pulsing apparatus 57, which includes metering and valving apparatus for
sequentially providing gaseous materials. An optional treatment apparatus 58 is

provided for producing gas radicals from gases supplied from apparatus 57. A Pre-
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described i n mon e Giet Ml Acactor AP Fs o 8 eicaLy ehorste chamber Which
is placed in the process gas pathway between the Optional Treatment Apparatus
Producing Gas Radicals and the Gas Distribution Showerhead. The Pre-Reaction
process may take place on any surface with sufficient activation energy supplied
either by thermal heating, RF plasma, UV or by other means. '

Fig. 7 is a generalized diagram of a system 67 for practicing RAS-CVD in a
further embodiment of the present invention. In figure 7, two embodiments of the
Pre-Reactor 68 are shown. The first is the incorporation of the Pre-Reactor 68 into
the Gas Distribution Showerhead 60. In this case, the undesired CVD side reactions
are caused to occur on a free-standing, thermally heated surface inside the Gas
Distribution Showerhead 68. Such a thermally-heated surface may be provided in a
wide variety of '\'Vays, and the form of the pre-reactor chamber can take a wide variety
of forms as well, such as, for txample, a long, coiled, heated conduit. The rapid
depletion of the undesired chemical “tail” eliminates the possibility that the side
reaction will occur on the substrate allowing a decrease in the time between each
chemical reactant entering the system. In one preferred embodiment the necessary
thermal input for the pre-reaction is provided by proximity of the showerhead
apparatus to substrate 61, with heat transfer from the hearth and the substrate.



-commonly utilize the gas sourcing and pul sing apparatus 57, the optional
treatment: apparatus for creating radicals 58, the gas distribution
apparatus 60, the deposition chanmber 59, a heating hearth,6¢ figpogheati ng
substrate 61, a spent chemical effluent system 63, a substrate entry and
renoval 65 valve 64. These itens are common in this exenplary system In
addition, some but not all inplenentalions of the Pre- Reactor are -shown.

For exanple, Fix 81€a88hQ9i RN Lsfributio aratus, such as a
shower head, nay se_r{?g doubl e d or%/{ﬂeoe;%gﬁgg&ts%"éb%dr{@w{e]%éggP"isﬁ'étrrber as wel | .
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Apri | Z@S@H%fﬂ"g?g%@eﬁwgéﬁéMp?lwocoapggpgm gmilgr tq,figers 7. dpshigi nent  of
t he 1pr esenembodiandnt Hovkvey,ithd itiesired EVISS; LeGd P In Figure
8 , two enbodinents of the Plrle- React or 713Eg§aeogéﬁg\%\'/lr$ea%e%i%rcg is the

i ncor porvyfh"bﬂled:ombmtion Gas Distribution Showerhead - 60 and Pre-Reactor 72 by

activating the undesired CVD side reaction using an RF plasma generated within the
showerhead. This process causes rapid depletion of the undesired chemical “tail” and
eliminates the possibility that the side reaction will occur on the substrate allowing a
20 decrease in the time between each chemical reactant entering the system - |
In addition to these variations it will be apparent to the skilled artisan that one
may, by incorporating processes described herein, alternate process steps in a manner
that alloys of two, three or more metals may be deposited, compounds may be
deposit'e'd with two, three or more constituents, and such things as graded films and
25 nano-laminates may bg produced as well. These variations are simply variants using
particular embodiments of the invention in alfemating cycles, typically in-situ. There
are many other variations within the spirit and scope of the invention, so the invention -
is limited only by the claims that-follow. Further, in particular reference to the pre-
reaction chamber aspects of the invention, it will be apparent to the skilled artisan that
30 various deviations from the embodiments described will still fall within the spirit and

scope of the present invention, and, in addition, many combinations of embodiments



- Pre-Reactor 70 into the Gas Distribution Showerhead 60 which is
coriceptually 5 simlar to figure 7. In.this case, the undesired CVD side
reactions are caused to occur on the heated surface of tqugﬁgm)G

Di stribution Showerhead 60 itself, which is heated in thi's oé%nent by
hearth 62VAB/4Estrate 61 by virtue of near proxinity of thepgso®iBfENtS
to showerhead 60. Again, the rapid depletion of the undesired chem cal
"tail" elimnates the possibility that the side reaction will occur on the
substrate 10 allowing a decrease in thd8tine between each chemnical reactant
entering tdmd \Byiatiend mavi I & | i Lagramfor g.system 71 for
practicing RAS-CVD i naﬂ,;gtgmage'f u?ﬁ’%ﬁ?ﬁ%ﬂ%%ﬁ%n%k%&%h@%Feé‘gg}ﬁ%eiuﬁ Rtion.
In Fi gur e pretigertionsbainhemwithiofthe svepe Bf eheRawaition, Whereinahs BRiber TG i rSt is .
t he incor éf%%ﬂﬂgeﬁk t he Pre- React { 72 into the Gas Distribution

Shower head 80 whi ¢A 1 & ﬁgﬂg%ﬁTH%YPﬁ‘E?ﬁilar to figure 7. In this 15 new
enbodi nent, however, the undesired CVD side reactions are caused to occur

wi thin the conbination Gas Distribution Showerhead 60 and Pre-Reactor 72 by
activating the undesired CVD side reaction using an RF plasma generat ed
within the showerhead. This process causes rapid depletion of the
undesired chemcal "tail" and elimnates the possibility that the side
reaction will occur on the substrate allowing a 20 decrease in the tine

bet ween each chem cal reactant entering the systemlIn addition to these
variations it will be apparent to the skilled artisan that one may, by

i ncor porating processes described herein, alternate process steps in a
manner that alloys of two, three or nore netals may be deposited,
conmpounds may be deposited with two, three or nore constituents, and such
things as graded filns and 25 nano-|am nates may be produced as well. These
variations are sinply variants using particular enbodi nents of the '
invention in alternating cycles, typically in-situ. There. are nany other
variations within the spirit and scope of the invention, so the invention
islimted only by the clains that follow Further, in particular reference

to the pre- reaction chanber aspects of the invention, it will be apparent
to the skilled artisan that 30 various deviations fromthe enbodi ments
described will still fall wthin the spirit and scope of the present

invention, and, in. addition, many conbi nati ons of enbodi ments 12 Apri
2006 WD 01/ 45158 ' :



- PCT/ US00/ 32016 -18- and variations may be made. For exanple, a plasma
act'ivation may readily be used in a pre-reaction chanber within the scope
of the invention, wherein the chanber itself rmay assune any %2306’“ de
variety of fornms. 12 April 2006 -19 What is clained is: 1. ‘%Ppre-reaction
apparatus for a coating system having a processing chanber for holding a
substrate during coating and a source of differing precursor naterials to
be supplied to the processing chanber in,alternating cycles for reacting
in the coating process, wherein in the “Aternation of material S, one or
nore of said precursor materials fromone cycle my adversely effect
process in an_alternate cycle, the pre-reaction apparatus conprising; at
| east one pa¥dutisclkinedds| i very of said precursor materials between the
source and the processing chanber; and an energy provision systemfor
provi di ng activation energy sufficient to cause unwanted precursor
mat eri al s t ol-depog} pressgacBYDripparatis favm coatinglsgsten baviega piocsssinpplsambenfor 2. The
appar at us of .a] nekn t process ¢ ises Atom c Layer Deposition
pC R S T R b T SR e PR
conpri ses a sppliddad ehe pedvassingrchirabarireslteidading oyeles doratattingin the @adngprogess,
chanber. 4. The .apparatus of claim3 wherein the activation, ener is
provi ded by W e&?‘PHSt%agﬁWPaegmm‘ﬂﬁ’ﬁn? premeng of said Bregyrsqrymateria Q?OS? é”echanber.
5. The appar@ficlésmayfadeérsdlyreffecthioEds it dnhferbte Cydd, R prERQEEh dpparBfu@Vvi ded by
striking a plasma in the separate chanber. 6. The apparatus of claim!]l
wherei n the (YW BEct i on apparatus is gas supply tubing between the source
and the processi ng |GHaIRB Bhssagh f rTﬁﬁv&fBP{aﬁfvg? utdor filafbkills BetMe& Bk Sourdifand
activation energy is provide %y eall ng s

the processing chamber; and '

an energy provision system for providing activation energy sufficient to cause

unwanted precursor materials to deposit by CVD reaction in the pre-reaction apparatus.

2. The apparatus of claim 1 wherein the process comprises Atomic Layer Deposition
(ALD).
3. The apparatus of claim 1 wherein the pre-reaction apparatus comprises a separate

chamber between the source and the processing chamber.

4. The apparatus of claim 3 wherein the activation energy is provided by heating a

surface within the confines of the separate chamber.

5. The apparatus of claim 3 wherein the activation energy is provided by striking a

plasma in the separate chamber.

6. The apparatus of claim 1 wherein the pre-reaction apparatus is gas supply tubing

between the source and the processing chamber.

7. The apparatus of claim 6 wherein the activation energy is provided by heating walls

of the tubing.



.of the tubing. 12 April 2006 -20 8. The apparatus of claim1l wherein the
pre-reaction apparatus conprises a gas distribution showerhead within the
processi ng chanber. 9. The apparatus of claim8 wherein thglﬂ)gﬁ'(y tion
energy is provided by heat transfer to a wall of the showerhead facing the
substrate fromthe substrate and a hearth heating the substrate. 10. The
apparatus of claim@8 wherein the activation energy is provided by striking
a plasma within the showerhead. It. A s?(gst rate coating system conpri sing:
a processing chanber for holding a substfate during coating; a source of
differing precursor materials to be supplied to the processing chanmber in
alternating cycles for reacting-in the coating process, wherein in the

al ternation f nefherapparatus ofmidmdy wheseie thsfpresesaetiqprapparatuseonmaisesra gabs f r om one

cycle may ef i&ﬁﬁutﬁhm'ﬁgdiﬁiﬁﬂeﬁﬂo&e%%/iﬂ?&lﬁmb%%?' e, and a pre-reaction

apparatus; characterized 1 n that enherg S provided to the pre-reaction
apparatus sufficient to cause the unwanted precursor materials to deposit

by CVD reactjon in the pre-reactiagn .apparatus. 12. .The s e cl.aim 11
wherein the d|c)_r oces¥ &Y f%trecianﬂtéo‘ﬁtfeéel?_g@é’f“‘ﬁﬁﬁ’b%’?“f@o‘ﬁ”"( 'R%%f’y H‘%%m? T The
system of cltah®all of thelsRdvedriieat] figtirpl the substdtd fom alabAtattSand QMBArthIRGtIRy thepar at e

chanber bet vvegqrgﬁt he source and the processing chanber. 14. The system of

clai m 13 whelBH® he activation energy is provided by heating a surface

within the confines of the separate chanber. 12 April 2006 -21 15. The

system of claim 13 wherein the activation energy is provided by striking a
The apparatus of claim 8 wherein the activation energy is provided by striking a

(. plasma within the showerhead.

11. A substrate coating system comprising:

a processing chamber for holding a substrate during coating;

a source of differing precursor materials to be supplied to the processing chamber in
alternating cycles for reacting in the coating process, wherein in the alternation of materials,
one or more of said precursor materials from one cycle may effect processing in an alternate
cycle; and

a pre-reaction apparatus;

characterized in that energy is provided to the pre-reaction apparatus sufficient to
cause the unwanted precursor materials to deposit by CVD reaction in the pre-reaction

apparatus.

12.  The system of claim 11 wherein the process comprises Atomic Layer Deposition
(ALD).

* .
13. The system of claim 11 wherein the pre-reaction apparatus comprises a separate

chamber between the source and the processing chamber.

14. The system of claim 13 wherein the activation energy is provided by heating a

surface within the confines of the separate chamber.



.plasma in the separate chanber. 16. The system of claim 11l wherein the
pré-reaction apparatus conprises gas supply tubing between the source and
t he processing chanber. 17. The system of claim 16 mhereiqzyggﬂa&kivation
energy is provided by heating walls of the tubing. 18. Thé dpparatus of
claim 13 wherein the pre-reaction apparatus conprises a gas distribution
shower head within the processing chanber. 19. The apparatus of claim 18
wherein the activation energy is providegd by heat transfer to a wall of

t he showerhead facing the substrate fronfthe substrate and a hearth heating
the substrate. 20. The apparatus of claim 18 wherein the activation energy

i's provided b5y striking a plasma within the showerhead. 4
15. The system of claim 13 wherein the activation energy is provided by striking a

plasma in the separate chamber.

16. The system of claim 11 wherein the pre-reaction apparatus comprises gas supply

tubing between the source and the processing chamber.

17. The system of claim 16 wherein the activation energy is provided by heating walls
of the tubing,.

-
18. The apparatus of claim 13 wherein the pre-reaction apparatus comprises a gas

distribution showerhead within the processing chamber.

19. The apparatus of claim 18 wherein the activation energy is provided by heat transfer
to a wall of the showerhead facing the substrate from the substrate and a hearth heating the

substrate,

20. The apparatus of claim 18 wherein the activation energy is provided by striking a

plasma within the showerhead.



