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07037ZP USA TITLE OF THE I NVENTI ON: CYCLI C CHEM CAL

VAPOR DEPCSI TI ON OF METAL- SI LI CON CONTAI NI NG FI LMS

CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

pat ent application clainms the benefit of US

Provi sional Patent Application No. 60/874,653 filed
Decenber 13, 2006. 5 BACKGROUND OF THE | NVENTI ON

[0002] Metal silicon nitride films have potential Q7937ZP USA
as diffusion barrier for copper interconnect or as

gate el ectrodes or as heater for phase change

menories. Currently, netal am de, silane, and anmoni a

have been investi gat™@H-E OF THEIMENEON: silicon

nitride. Silane is a rophic gas, inplying a

U ARGHEMIEAlaY APORDEPOSTHRNEF METIARSILIFONGONTAINING FILMS
I NVENTI ON [ 0003] The present invention is a process to
deposit netal silicon nitride on a heated substrate

conprising: _a. contacting a heated substrate with a

netal ani deCB@S§d?%FEﬁﬁ%N&EtT9 REFAFEDAPRIAEATIINB e at ed

substrate, b. purging away any unsorted netal amde, =
[0001L o hbig petentapplicaticspeiaimssbe benefit of WS tFioysional Patent Application

silicon-containing source having one or nore Si-H3

Npy @8 Eh623 filed Pesembel 1312098 sorbed netal ani de,

wherein the silicon- containing source has one or nore
H3Si-NR2 (R = SiH3, R Rl or R2, defined below 20 e 11

groups selected fromthe group_consisting of one or ™
more of: -1 A BBACKGROUND OF THE INVENTION

[0002] Metal silicon nitride films have potential use as diffusion barrier for copper

interconnect or as gate electrodes or as heater for phase change memories. Currently,

ER T vl ;
CoR T

metal amide, silane, and ammonia have been investigated for making metal silicon

nitride. Silane is a pyrophic gas, implying a potential hazard.

BRIEF SUMMARY OF THE INVENTION
[0003] The present invention is a process to deposit metal silicon nitride on a heated
substrate comprising:
a. contacting a heated substrate with a metal amide to sorb the metal amide‘qn the
heated substrate, ..
b. purging away any unsorbed metal amide,
c. contacting the heated substrate with a silicon-containing source having one or
more Si-H; fragments to react with the sorbed metal amide, wherein the silicon-
containing source has one or more H;Si-NR?%; (R® = SiHj, R, R' or R?, defined below)

groups selected from the group consisting of one or more of:



10

15

20

25

RRRVR2Z NRNS H i RL H3S 'SiH3 SIH3 SiH3 wherein
R and R1L in the fornmul as represent aliphatic groups
typically having from3 to 5 about 10 carbon atorms,
e.g., branched al kyl, cycloalkyl wwith Rand R in
formula A also being conbinable into a cyclic group,
and R2 representing a single bond, (CH2),,, a ring,
Aor SiH2, and d. purging away the unreacged
silicon-containing source. [0004] Several advantages
rcan be achi eved thrgugh the practige of gehis
\pveption, and 10 gonme of advant agé‘sNére\ﬁs’l?ollows:
aﬂ:— ity to pYO(Ij)JNe hi gh quality tefnary|metal
RSi licon nitriddsSi msSIIaan ability to $idgm 8Hgh quality
films while elimnating sone of the conmon precursors
that present significant safety and corrosion issues;
an ability to incorporate desirable silicon levels in
whgréinaR abd:Rp v the foratilasrepigsastraiphaticagbups tgpioalsrtidvingatom 3 o
processes, e.g., below 500 C, an ability to control
altolie 18 carbon atones) tean} brancHedaalkyk: tegtloslkylivithirR and R’ tefomnala A also
the control of pulse tine of a silicon source in a
beinygtansbinkatpe #itd & epclisrgrows and R gepresentiGy@ gingle beisd, (BH,),, a ring,
ability to achieve excellent deposition rates in a
or@jid},iaedCVD, thus 20 nmki ng possi bl e an increase of
waf er throughput at production scale; an ability to
d.pr odurgingetal tte unreactedsiticonrdeorttaihing sosicag t wo
precursors while elimnating the use of a separate
[0094]r Rpvera advardages. gan, becauhiavied thraughathiel pragtice of thiglineention, and
the netal center in a resulting netal silicon, thus
somedefadvgntages aresisfollaws: ty of the resulting film 25 an
ability to tune the physical properties of the
r esul ti ncarf ability tosprodu@eshigh quality ternary metal silicon nitride films;

an ability to form high quality films while eliminating some of the common
precursors that present significant safety and corrosion issues;

an ability to incorporate desirable silicon levels in TiIN at temperatures

generally below conventional processes, e.g., below 500 °C;

an ability to control the silicon content in the metal silicon nitride via the
control of pulse time of a silicon source in a ¢yclic deposition process, e.g., a
CVD process;

an ability to achieve excellent deposition rates in a cyclic CVD, thus
making possible an increase of wafer throughput at production scale;

an ability to produce metal silicon nitride films using two precursors while
eliminating the use of a separate nitrogen source, e.g., ammonia;

an ability to reduce the metal center in a resulting metal silicon, thus
reducing the resisitivity of the resulting film;

an ability to tune the physical properties of the resulting films such as
resistivity.
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resistivity. -2 DETAILED DESCRI PTI ON OF THE | NVENTI ON
[0005] This invention is related to a process to nake
ternary netal -silicon containing filns using cyclic
chem cal vapor deposition or atom c |ayer deposition
techniques. This 5 invention is related to an

i nprovenent in a process to produce ternary netal
silicon nitride filnms via cyclic deposition.
Sequenti al deposition of select precursors via

chem cal  vappTAIERS DEICHIPRIBN JFOTHE INAERTIGNPOSI tion a
techni ques provide for excellent quality filns and

[0065{UCTs IrRBnisHS S Fdiate8 to B@?&@Q.@ tARERE (PR miEtaIsiliEBA Xontaining
precursor formulations. [0006] The term "cyclical

filiA8 Bgﬁg fh @i ch@mics @abd? @iéﬁbéitldrﬁé»r%&nfc%ﬁéﬁ QepEsititeLMiqidd. This

i ntroduction of precursors (reactants) to deposit a

infehitiBn isPréRitePMoBdn ithpPeVeMentinta plotbsd t'ér;ﬁodl.ﬂ:@cieﬂnﬁﬁ) MERFsilicon
processi ng techni ques such as atomi c | ayer deposition

nifiad filndPiid c§<§i‘&%ﬁbé|ﬂ6n Sé’tﬁjéhﬁéﬂdelééﬂﬁ&n STt pieelrsofdaa chemical

sequential "introduction of reactants results in the

vapBPa&idsitieR aAl a@orﬁh eyt HepositfonttBéHnidud¥ PrévidfoRexcellent quality
substrate and the process is repeated as necessary to

filh8 'aRY Peduck&NtHeaEBbeibRYI Hagards 285 difted With GhyPFecukSor formulations.
[0007] Atom c |ayer deposition ("ALD") is one form of

[0006] | ThedieRRA Séyclied depekitfionMBS uSES herklierefefslieFtAk ishuential
i ntroduction of pulses of a first precursor an in

infréiuRti6RSEpredurS S8 Qrihctalisy §3/8&sit altRin@RY o0ér 4 E\ﬁ)slﬂ’été%tructure
art procedures, pulses of a third precursor were

arRINBdIyChrobssinPtaditiquesislicitBs Aldmi® raﬁ)éneﬁé?posttlhﬁ lafd irfpiél BEquential

sequential introduction of a pulse of a first

chR ksl VS sYT ,debéélh&il\/eﬂ'lebéécﬁ@em{il fftro@lictoniB FEHRtAMS rébflé Y tha
punp evacuation, 20 followed by a pul se of a second

depbSifoN 604 plurdlityCoT thif Idyetd B Gubstrate BRd SR Mbcadshé/FepRaidsas
and/ or a punp evacuation. |If necessary, or desired,

necBSdaRy fRfdrR @ fifm alleP Raihg 8 debirédthicRhéssur sor . Sequent i al
i ntroduction of separate pulses results in alternating

[06@&71T -Atbrid lajér depBsitidre CARD) ok foffh &P bydie dep&diticiiait comprises
precursor on the surface of the substrate and forns a

th&Baqleralintedductién eRPsesia? d firdtipPédupdst ahB! in s Base, @ sdcond

The cycle may be repeated as
precursor. In many of the prior art procedures, pulses of a third precursor were
employed. For example, in an ALD process, there is the sequential introduction of a
pulse of a first precursor, followed by a pulse of a purge gas and/or a pump evacuation,
followed by a pulse of a second precursor, which is followed by a pulse of a purge gas
and/or a pump evacuation. If necessary, or desired, there may be a pulse of a third
precursor. Sequential introduction of separate pulses results in alternating self-limiting
chemisorption of monolayers of each precursor on the surface of the substrate and forms

a monolayer of the deposited materials for each cycle. The cycle may be repeated as

necessary to generate a film of desired thickness.
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25 necessary to generate a filmof desired thickness.
-3 [0008] The growth rate of ALD is very | ow conpared
to conventional CVD process. A typical growh rate of
an ALD process is 1-2 Alcycle. One approach to
increase of growth rate is that of nodification of
the ALD process by operating at a higher substrate

[OgﬁggSI e %ﬂbﬁ/zﬂ % S%cl[[lb sl\%?)ﬂfo%otnfbagecpmn@éﬂtfoﬁﬁmD process. A

e process, t 5 still taking
fof ly. u
ORISR BLAASR oo o

fafe (S YRAtOF my.b?m df‘ii?e §L9 %r&%sk‘ 8§ dperatiAg BEA H%ﬂef Qibstrate

ormng ternary eslirea cohposition an

te&@befmstﬁan APD!1Bhdin W&Eﬁémubﬁ% nEBF&éHo%%ﬁ(@\R??—hI?é‘ﬁr&ess but

I ntroduced to he CVvD er and vaporized onto

stifl t%é&\%ﬁf’arge%ﬂ Bﬁtlil FACHARIOH of Bretiufsors! PPhis ?Fbc%s is called
ut, film

I'n an ALD process course, the 1 ndividua
eyl eypesses in the cyclic CVD process are not |imted
to nonol ayers. [0010] To facilitate an understandi ng

[08d9p2 @)chﬁl: '@&&%ttbh %ﬂt&?ﬁé ﬁsécpés 4 Pr%tﬁda" f8RIdrAMgErnafy films

ternary filmas contenpl ated herein, first precursor

off&EIré{?é&ﬁMélt% APRltRickhexYdDH it Fobess the P‘Pé‘cﬂ*so?d‘(ré&:tants) are

Met al s conmonly used i n sem conduct or brication

infréilcdd %o AP 'cﬁ@rﬂbét%rﬂsvabeﬁzéﬁrﬂ& aGUbRPAIE. nSuBéHqubHﬁeactants
metal am de include: titanium tantalum tungsten,

ar %ﬁﬁhllé@as%h &R %U%’Fbéé& Bull&f kbifge, th@%ﬂudu@i’ﬁﬁd lec‘T(nesses in the

exanpl es of netal am des suited f use in the cyclic

cyRhOC 9B Drodtsk Be notiinfea tHﬁ{o%la?éTﬂsdeS sel ected fromthe
group consisting of tetrakis(dinmethylamno)titanium

[0078]VATo facfh%tté ﬁlk 'uﬁééi’bl%h&)ib 3fh @%Ik'deﬁaélhlfﬂ @rr-B%ber théGormation of

tetraki s(et hyl net hyl am no)titani um ( TEVA

a lePidriin$ 44! b&ﬁérh}éia%ﬂ HERSIA! & ﬁ@ﬂbﬂéﬁhl@-&mposulon onto a substrate is
t et raki s(di et hyl am no) zi rconi um ( TDEAZ

a fretd] afflic( %élﬁls"&%hﬁﬁérﬂﬁhm iR 'séﬁ%hﬂﬁétérTEM’i‘gétlon include and suited
t et raki s(di net hyl am no) haf ni um ( TDMAH)

ast Ak it ToripBhEmt! fahthe %éﬂﬁ%ﬁ%l&@lhﬁfﬁ%ﬂlum tantalum, tungsten,
tetraki s( et hyl met hyl am no) haf ni um ( TEMAHj ,
haffth: Hkﬂohldeﬁ@thbrIké.( di et hyl am no) t ant al um
[0011] Specific examples of metal amides suited for use in the cyclic process include
those metal amides selected from the group consisting of
tetrakis(dimethylamino)titanium (TDMAT), tetrakis(diethylamino)titanium (TDEAT),
tetrakis(ethylmethylamino)titanium (TEMAT), tetrakis(dimethylamino)zirconium (TDMAZ),
tetrakis(diethylamino)zirconium (TDEAZ), tetrakis(ethylmethylamino)zirconium (TEMAZ),
tetrakis(dimethylamino)hafnium (TDMAH), tetrakis(diethylamino)hafnium (TDEAH),
tetrakis(ethylmethylamino)hafnium (TEMAH), tert-butylimino tris(diethylamino)tantalum
(TBTDET), tert-butylimino tris(dimethylamino)tantalum (TBTDMT), tert-butylimino
tris(ethylmethylamino)tantalum (TBTEMT), ethylimino tris(diethylamino)tantalum

(EITDET), ethylimino tris(dimethylamino)tantalum (EITDMT), ethylimino

-4-
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(TBTDET), tent-butylimno tris(dinethylam no)tantal um
(TBTDMI), tert-butylimno 25
tris(ethyl nmethyl am no)tantal um (TBTEMI), ethylim no
tris(diethylamno)tantalum (ElITDET), ethylimno
tris(dimethyl am no)tantalum (EITDMI), ethylimno -4
tris(et hyI met hyI am no)tantal um (El TEM),

tn&(%fﬂytrﬁém ﬁfa‘lﬁ’li ?I |t3maﬁﬁr)tﬁ1ﬁﬁttﬁ§@m\etﬁg At Jthntalum

tert- any tri amnotanta um

(TRAIARK 'réf-grhngﬁﬁlhﬁ |tr‘?§w|@fh%ﬁaﬁmd3{a‘ﬁ@lumt (Seritaldsim efhyinino)tantalum,

tris(ethyl yamno antal'um bis(tert

BTB
te {é‘éﬁ%@ﬂd‘@%@%ﬁ? no) bi s(%ﬁ)g? Ft{ﬁ?nfgo)(t ung/g\g en,

btﬁylﬁ{lﬁ&)bfs(cﬁr%bhplamumiﬁb%ﬁgﬁYéﬁW)hME no) tungst en,

nd m'xtures thereof 2] The ms amde is
btrﬁT%iPrﬁll'nd) )8l &lé’chylaﬁur@?ﬂﬁéétéh FJr‘z@émﬁﬁn|ﬁ6)bf%(éiﬁﬂﬂ§¥rf§(fdmlﬁ@)%ngsten,
I ar vo ume” and for~a pre eterm ned tinme.” Typi
aﬁJ}ﬁmm?éél{heﬁHdee is supplied to a CVD or ALD chanber
for a period of 0.1 to 80 seconds to allow the

[00%Ier T mbfl QﬁldJeQS §uﬁ&.ba It&meldépaéiﬁéw Beshise? 28 d’édetermlned
saturate a surface ring deposition the netal am de

mBlaE{SiRBlandisr d &eH&@rrﬁlﬂéd RS Typicains tHiheRfamideds supplied to a
predeterm ned nol ar vol une typi call'y in the range of

CVD P ALBGHEHbeP I bSerio@8 PO itd BOReddHHR6 alioW B bRrial to be
conventional and range from about 200 to 500 C,

sdﬁfc@‘rﬁly %Egd(rb&ﬂ 86ad Wsdtlratd s@fad%r TR 86§|t|$rf 98 hétal amide
norr'to torr are exenplary. 15°[0013] Ina second

pré&fefdbiPis i th% d&s%h%é anaadp;mub%ea w&fetéreudéa%mar volume typlcally in

i ntroduction of the netal am de, an inert gas, such

thé‘$a .of Mo 100 nfiromiofesU TRpokifloR Véh%rétﬂfe%aeﬁé @EnvEritiohal and range
e from the chanber. Typically in a cyclic

frdi'ﬁ 99§utt209 Ho Bb@e@sﬁrefe?atﬂ@ﬁom%@ho QSO AE, PhEssufis dT'@rord §0 mtorr to
supplied into the chanber at a flowrate of 50 to

10946 ard BES purging the netal amide and any
byprc%luct Srﬁ@ﬁgf remain in the chanber. 20 [0014] The

0914 A5 STV AL, SR8 o et

antile Y iHER §as QIR a8%r G, BVHe, is used to sweep unreacted metal amide from
the chamber. Typically in a cyclic deposition process, a gas, such as Ar, Ny, or He, is
supplied into the chamber at a flow rate of 50 to 2000 sccm, thereby purging the metal
amide and any byproducts that remain in the chamber.

[0014] The silicon-containing sources have one or more Si-NR% (R® = SiH;, R, R" or

R?, defined below) groups with structures shown as below:

A B C
R 2
\ T Ry R
N—SiH,
/ N | |
R1 H3Si SIH3 SIH3 SIH3
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ABC RRRNR2NR NS H3 RLHS SH3 S H3 SiH3
-5 wherein Rand RL in the fornul as represent

al i phatic groups typically having from3 to about 10
carbon atons, e.g., branched al kyl, cycloalkyl with R
and RL in formula A also being conbinable into a
cyclic group, and R2 representing a single bond,

widrER)R and@R [le f %rﬁ{ulag'rb‘&'eséﬁtdhﬁh éroﬁfﬁ%c&l avﬂ‘@ﬁﬂ:lmﬂo

am des react w th conpound havi ng f ragment

abbidt'$e chBbR bRl %’b Qﬁraﬁél‘?edrﬂiﬁy@'cyé‘lﬂblﬂﬁﬁmﬁw ahd R' # fohRGA A also

sour ces vvlth each ot her nmust bée avoided in the gas

beiPSsn W@S%?éhcrgﬁ!@@laﬁg RI9ESBYerfiRg B st q?e BBn@ (CHg),,, aring,

|
typl ca? cycle as expose the neta

or@ﬁ} ¢s MR Rh&W ﬁ1a1t H%%@Ml&sqeé&%fﬂ db'h;ﬂ&ﬁﬂ"ﬁﬁf/mg S|-H fragment

lomng the netal amde to sorb or react with

rﬁw infer&ctich df % PP hiniie§ and WSlicdNEburdel ithrszeh mr%ust be
unreact ed metal am de, Introduce silicon-containing

avORISHGE the Y P8 MEheliftoSdss TRV e h%@%@dr&%oﬂ atyBickl&cle as

reacti on chanber which reacts wth e reacted’ or

foffg¥id? %ﬁpoééﬁﬁé"me@éﬂa‘?rﬁde R Béatéd B [Had&PRmiLdaction chamber
monoal kyl am nosi | ane, if need, introduce ammonia into

albifhg! tRE HctA AnS 8 i Rirb oPHEBEWRYIE suRBcd B thaShbsirate, purge away
ammoni a. The cycle can be repeated untile a desire

thé uh8orb&d sKeactbd metA @hfidb, iNtRiAked sifRGHBINSANIAG sources having one
i |'i con-containing sources having one or nore Si-H3

orfrﬁ@er@JNI-E gréupsShtoltRél ré&floﬂﬁ%mﬂérw&%ﬁ%%h'tﬁé tddead or sorbed
di -i so- propyl am nosi | ane( DI PAS), di-tert

m@ﬂat Ahidgl Parge laa.a? tHeUrPésdted monaaﬁynbmtrwbmen%bba NRtroduce
di -tert-pentyl aimi no sil ane. The second

arﬁhsmurr&s ﬁh&%@fdnséﬁnﬁertrﬁ??éh\lvbﬁﬁl@ UMPeHCESR! SrAMORRS The cycle can
havi ng one or nor e ragmsnt s is introduced into

bet refeSBaUREE Adesfted Fﬁdﬁ&h&éﬂﬁ@eé&hbéf volune. e.g.,

from1l to 100 mcronoles for a predeternmined tine
[00€8]| Ekanipie 6 shikbd-caR@iHinglsolirded having one or more Si-H; fragments
suited for use in the process include di-iso-propylaminosilane(DIPAS), di-tert-
butylaminosilane (DTBAS), di-sec-butylaminosilane, di-tert-pentylamino silane.
[0016] The second precursor comprised of the silicon source sources having one or
more Si-H; fragments is introduced into the chamber at a predetermined molar volume.
e.g., from 1 to 100 micromoles for a predetermined time period, preferably about 0.1 to
100 seconds. The silicon precursor reacts with the metal amide and is adsorbed onto
the surface of the substrate resulting in the formation of silicon nitride via metal-nitrogen-
silicon linkage. Conventional deposition temperatures of from 200 to 500 °C and
pressures of from 50 mtorr to 100 torr are employed.
[0017] Subsequent to the introduction of the silicon source, a gas, such as Ar, Ny, or
He, is introduced into the chamber typically at a flow rate of 50 to 2000 sccm in order to

purge the unreacted silicon source and byproducts from the deposition chamber.

-6-
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20 100 seconds. The silicon precursor reacts with the

nmetal am de and is adsorbed onto the surface of the

substrate resulting in the formation of silicon

nitride via netal -nitrogen- silicon |inkage.

Conventi onal deposition tenperatures of from 200 to

500 C and pressures of from50 ntorr to 100 torr are
SEHBIRYE th oldBPb Hurgd et eitied 6 %sﬁaduefsr %Ltﬁir%@ga'eé)ﬁay be

silicon source, a gas, such as , N2, or 2 , IS
cdnhliAHGRFodU¥e8 duRfg fHeasHRs ddpaBitieAlcisteat a flow rate

of 50 t'o 2000 sccmin order to purge the unreacted

silicon source and byproducts fromthe deposition "
[08h3intfaptionally, goihisd pracirsor fad mayberamplowagdn thecysic depasiten

or byproducts, the purge %as may be,  continuously
pProgRssoprRIEeary an ALD PrReess WIch Ry ieaHe 8 Rittagen sourcgFyah as

Optionally, a third precursor that may be enpl oyed . in
arpmanig\p hydragiag o Ehasedasepaisiised in prder 1R Pﬁvqwngﬁ?g%tr@h film and

rocess which may require a nitrogen saurce such as 5
futhergatipedhe ﬁ?moafpﬂtsﬂfrtﬁegreo'@égde@ the timsda dhe FforRRIOpH steps.
roduce nitrogen-rich filmand further reduce th? '

W‘B!ﬂlb of caBMing PUt thedPBeqsss A sidpgestedifeppsifiopscydp isias follows:

af orenenti oned steps. [0019] In carrying out the

process, fi sUGERDEEJastedora et aflidé ® 4 Redtéd EabstatSloaded in a
1. expose vapors of a netal am de to a heated

subsieaélich dreRgesitidrciambegact i on or deposi ti on chanber;
10 2. allow the netal amde to react with the surface

of the substrate, . 3. rge.a t he unreact ed t al
ani de; 4. 'cont%l@i”tﬁeﬂéfa@gﬂ‘-’%gﬁ%ﬁﬁﬂ"wﬂgﬂﬁﬁ? ?fg&e fipstrate,
one or nore Si-H3 fragnents with the resulting

substrate3. 5. muggawayihe drit€acied Metd amide;
silicon-containing source; 15 6. if desired, introduce

a nitrogep containing.reactant. such gs .ammonia, Ing
The reacthon cTRGP Siipo 5o Rglaing gt e tiovir By dnore Sis
Nt AR WA A%uliS Sl Bhee 2N,

5. purge away the unreacted silicon-containing source;

6. if desired, introduce a nitrogen containing reactant, such as

ammonia, into the reaction chamber ,
7. purge away the unreacted nitrogen containing reactant ; and,

8. repeat the cycle as outlined above and until a desired film

thickness is reached.

[0020] Itis possible in the above cycle to reverse the order of precursor reactants
introduced to the chamber, e.g., the silicon source may be introduced first followed by
addition of the metal amide. However, higher deposition temperatures are generally

required when the silicon source is deposited first. As stated, the metal amide generaily

-7-
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8. repeat the cycle as outlined above and until a
desired film thickness is reached. 20 [0020] It is
possible in the above cycle to reverse the order of
precursor reactants introduced to the chanber, e.g.
the silicon source may be introduced first followed by
addition of the netal am de. However, higher

déb%@@sséltlb\ﬂér feRipRRtGreY "tl?a% thé §|I|S&D@6Lﬁ‘éé ¥nd, @ eHér! Qfalyhaly
he silicon source is deposited first. As stated, the

faB‘ﬁttaPés iRHePBsifsnar I@%vbb’tem?ae?’éims' ts at |ower
tenperatures than the silicon source and, further,
catalytically facilitates its dep03|t|on at | ower
tenperature. Exanple 1 5 Deposition of TiSiN Filns
From TDVAT and DI PAS At 350 C [0021] The cyclic
chem cal vapor deposi ti on m@mpfeonduct ed i n an ALD
reactor simlar to what described_in literature
(Becker , Dgposifion of TiSi ilgieram '@M&raﬂ'grpl 6ﬁe"}h3 ONkt er .
15, 2969-2976 (2003)). Di-isopropylam nosil ane (DI PAS)
was placed in a 10 stainless steel container and

[0A24: elihq wc@gwera@awlo@hdqmea wag cendyrded, sy Aldy Eaagtr similar
of DI PAS is about 85

toma QR$C§'P§¢ rfbmﬁweaamtﬁa()&qck%rn# i BTENRaNd ReS- ﬁomd Chem.

arate stainless steel container

Mﬁ@ét"eﬁd 29@9 g@ 2993M'dPPRr9WF@P§H3@et RE A}%ﬂm‘ﬁs placed ina
pressure of TDMVAT is about 0.6 torr. Ni trogen was

stglmggp ptegl @ntq@r@d@q&u@p%@% | q;whlq?égg\pgratlgmth% gqpor pressure of
substrat es were_lpreEared by breaking six-inch sili

DIRAYScis abpul: &5 torre Tela Iﬁ@ﬂn%tawam@@)ﬂtmw@ (EPMATR “@sm'aﬁﬂ# ithin a
substrates were from 20 ohmcmwafers and 2 were 1- 25

sepRrate flajiless sterd srntainer avd healed ko S0°Fnat whigh iempgrature the vapor
substrates were then placed onto a half round

presgsise PRTRMAJ| is abouti0:tom; Mirpgen r\f"aéfsull!ﬂl'qdrﬁ?ﬁéspsf%ﬁ‘i’dn@ﬁf flow
1.5 inches across. A car bon disc with a djanmeter of

malestSilico subg{sates weredrepared BY breaking sbineih silismwatess iBto one-

_ The substrate holder was then inserted into the

ingthaqHsEes. IFiuA of haisilicansiubatrales were fiemed om-FHnataRyand 2 were 1-
and 3/4 inches in dianmeter_contained within a

25 Q;yg.cnuwﬁa&@ﬂﬂ%grraﬁ Syisler. Theseven wafer substrates were then placed

onto a half round substrate holder with dimension of 11 inches long by 1.5 inches across.
A carbon disc with a diameter of about 1 cm was placed on top of one of the substrates.

The substrate holder was then inserted into the chamber having dimension of 26 inches
long and 1 and 3/4 inches in diameter contained within a tube-furnace. The chamber was

heated to a temperature of 350°C.

[0022] The ALD chamber was inititally pumped to below 10 militorr, the deposition
cycle was begun by evacuating the chamber with the throttle valve opened and a fixed
volume of about 10 cc was pressurized with DIPAS from the stainless steel container for

2 seconds. A fixed volume valve was then closed to the head space of the DIPAS
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15

heated to a tenperature of 350C. [0022] The ALD
chanber was inititally punped to below 10 mlitorr,
the deposition cycle was begun by evacuating the
chanber with the throttle valve opened and a fixed 25
vol une of about 10 cc was pressurized with DI PAS from
the stainless steel container for 2 seconds. A fixed

cdh‘PAnHéFeA‘ﬂﬂJoWé VARR) has Eloﬁé@ﬁﬁ@vélpe (88 op&asl, alewifig e I!)fFﬁ\S vapor
-8 container. Athrottle valve) was closed and

to\tﬁ.ﬂ |Hl?od%§d S BREMbEY AREY Ngbdoh8s Bh BABYAIADSS the fiRedPolume was
i ntroduced i nto chanber. After 2 seconds an exit val ve

clédedt iR thiokROvank! WaPopdhed ahld HfRshen Wi ihtfdRickl QraVrﬂbééeﬂow

was opened and nitrogen was introduced via nass

con@Biidretd Blirge laval éh FesiiY DIFAS IRk %@tlopbﬁ’ﬁﬁbéﬁhﬁcf&mnectmg
reacti on chanber and connecting 5 lines for 15

line8 & Ssechhds. ik rnﬁkel%@n %Ufgb%%é’t\@ Eﬁ:ﬁgﬁé@ RiRdhe 8flerhvas evacuated

syst em was evacuat seconds e throttle val ve

2 &‘&.%nﬁ@ erheCthRHRIvARTwaIMRh ciided ahd TURAT Raé bRwdd l‘érﬂoWl&)m the

head space of the stainless steel container for

heHRIGRES of tFB%EthéésVﬁéeltc@nﬁﬁ?ﬁé@ $aCecohds. trien TalVET to headspace of
contai ner were closed, the throttle val ve was opened

tha THMAT EQHSIReNREre dndgeaowhu Gaditiei valveBeds dgePiad @ﬁahrtﬁigleﬁ inas
to purge the chanber and connecting lines for 15

inFESLRREH Via has2fdw LdritRlersad paidetBe bhGHBerGnel @hndéAg Imes for 15
times, the reactor chanber was cooled down to room
sdeBA@er at ure under nitrogen atnosphere and then the
waf er pieces were renoved fromthe chanber. The

[0023)U| AftdiGepddiifG tEReRyB TR HMBY, thée FdattdréhaMber was cooled down
nmeasurenents, I ndicating they are conductive filns

to'FB@nftéMﬁélﬁ@ﬁ@ ORddrintfogen stridsthefe ahdliheR Yhe wafer pieces were
ener gy-di spersive X-ray spectroscopy (EDX) and

refRovEE b tHe BASKBEAThE Pebulting ifhd WemRt éxantiid Dy reistlity

indicate the filns consist of titanium silicon,
meX(B6ientd] ihdiesiHYy theyad contiliéive fitrds. EPh@Tiith @orhposition was analyzed
by energy-dispersive X-ray spectroscopy (EDX) and Rutherford Backscatting
Spectrometry (RBS) which indicate the films consist of titanium, silicon, oxygen, nitrogen,

and carbon.
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Deposition of TiSiN Filnms From TDVAT and DI PAS At 350
C [0024] The cyclic chem cal vapor deposition
processes with 500 cycle tines was also 5 conducted
in accordance with the other process steps of Exanple
1. The deposition rates range from2 to 3 Alcycle
dependi ng on the positions of wafer pieces. Exanple 3
10 Deposition of Ti SiN Filgggmplesn TDMAT and DI PAS At
350 C [0025] The cyclic chem cal vapor deposition
pr ocess eBeppaitipridJiSibyims kromeEDMAS aad SUPAEMBHOr°ed i n
accordance with the other process steps of Exanple 1.
The deposition rates range from2 to 3 Alcycle

[0824e nBhengyclie: chemicalosipor dapositipn wedcesses wWithe800 awletimepwas also
4 Deposition of Ti SiN Filnms From TDVAT and DI PAS At

capgcted [roacerdanca with dhel othae procpsseatens of Bxamplm 3+ The deposition
tenperature at 325 C. The deposition 20 rates range

rafgsgange ffome to 37A/sydls derendlinaconiha positionsef wafel pieesss of
waf er pieces Exanple 3 Deposition of TiSIiN Filnms From
TDVMAT and DI PAS At 250 C 25 [0027] Exanple 1 was
repeated with substrate tenperature at 250 C and
visually there is alnost no deposition. -10 CLAI M
Wiat is claimed is: 1. A fxee@¥s3to deposit netal

hat isiclaimed is: 1 A | deposi t et al
cont act i RePesit ATSNTHRE £BETOARR cha B 320 -0

sorb the metal amide on the heated substrate, wherein
0528, T2 B BB P00 3R s ol
conducted in accordance with the other process steps of Example 1. The deposition

rates range from 2 to 3 A/cycle depending on the positions of wafer pieces.

Example 4
Deposition of TiSiN Films From TDMAT and DIPAS At 325 °C

[0026] Example 1 was repeated with substrate temperature at 325 °C. The deposition

rates range from 0.4 to 0.7 A/cycle depending on the positions of wafer pieces

Example 3
Deposition of TiSiN Films From TDMAT and DIPAS At 250 °C

[0027] Example 1 was repeated with substrate temperature at 250 °C and visually

there is almost no deposition.

-10-
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tetraki s(di et hyl am no)titani um ( TDEAT),

tetraki s(ethyl nethylam no)titanium (TEMAT),

t et r aki s(di net hyl am no) zi rconi um ( TDVAZ), 10

t et r aki s(di et hyl am no) zi rconi um ( TDEAZ) ,

tetraki s(et hyl met hyl am no) zi r coni um ( TEMAZ) ,

t et raki s(di net hyl am no) haf ni um ( TDMAH) ,

tetraki s(di et hyl am no) haf nigyymé TDEAH) ,

t et r aki s( et hyl met hyl am no) haf ni um ( TEMAH) ,

ter tyiput ¥lddiheis; tri (di et hyl am no) t antal um ( TBTDET),
tert-butylimno 15 tri(di methyl am no)tantal um
(TBTDMT), tert-butylimno

tri(ethyl methyl am no)tantal um (TBTEMI), ethyllimn no

tri (Aibrddays ﬁi‘@léﬁ&ﬁ it siitb ﬁi'trm a st‘i’é&ﬁﬁé’té dFhPising:

trl(dlmsthylamnotantalum ethyllimno
tri(gt %hl‘i@ﬁr@/ﬁ ﬁ%t@@kﬁ@sﬁk@é Wﬁh Glﬁﬁe-lfﬁl\gm:de t$8drb the metal amide on
anylimno tri(di nmethyl am no)tantal um ( TAI MAT),

tert- apyd hé’ﬁté‘@s%tl‘éfé %b%ﬁ‘ﬂe@ﬂbtﬁ@%ﬂﬁ‘i@é&@&ted from the group
pent aki s(di met hyl am no)tantal um tert-amylim no

tri(et %hm@df@éﬂe{kﬁmnﬁmr@idﬁﬁmo)ntamum STDMAT)
bi s(tert-butylimno)bis(dinmethyl am no)tungsten

(BTB'VW(etrakls(d|ethylam|no)tatan|umg DEAT) tetrakis(ethylmethylamino)titanium
bi s(tert-butylimno) hyl am no) t ungst en,

bi S(t ertEMAYS, Xéﬁéniée&i)r@trﬁﬂaﬁﬁshwzﬁ@drlwh FrHMAk),UNgst en,

and mxtures thereof; b.” purging away any unsor bed

et al Qé’t}éi’c%(dlgfﬁylﬁmiﬁd)ﬂk%ﬁﬁﬂa ﬂm heated substrate
wWith a silicon-containing source haV| ng one or nore

Si-H3 KRt friehyldins ziédrilrd gribpzyret al_ari de_on

t he substrate, ereln the silicon-containing

sour ce tdtfakifdifeifanin@Rh gFEMRH? - QP IS(HiBhyRimino)hafnium
di -i so- propyl am nosi | ane( DI PAS

di -t er {(THEAM Q&Hk‘i%gélath?ﬂ%tr{ylmﬂ afrfilim $FEMAH), tert- butyllmlno

butyl am nosi [ ane ert-pentyl am no sil ane an

M Xt ur @fdieliaaiho)tataluM- (TBTFDETPﬂerﬂB@Mhth@ unr eact ed

si |l i con-cont’ai ni ng source.
tri(dimethylamino)tantalum (T BTDMT), tert-butylimino
tri(ethylmethylamino)tantalum (TBTEMT), ethyllimino
tri(diethylamino)tantalum (EITDET), ethyllimino tri{dimethylamino)tantalum
(EITDMT), ethyllimino tri(ethylmethylamino)tantalum (EITEMT), tert-
amylimino tri{dimethylamino)tantalum (TAIMAT), tert-amylimino
tri(diethylamino)tantalum, pentakis(dimethylamino)tantalum, tert-amylimino
tri(ethylmethylamino)tantalum, bis(tert-butylimino)bis(dimethylamino)tungsten
(BTBMW), bis(tert-butylimino)bis(diethylamino)tungsten, bis{tert-
butylimino)bis(ethylmethylamino)tungsten, and mixtures thereof;

b. purging away any unsorbed metal amide,

c. contacting the heated substrate with a silicon-containing source having one or

more Si-H; fragments to react with sorbed metal amide on the substrate,

-11 -
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2. The process of Cdaim1 wherein the cycle can be
repeated until a desired thickness of filmis
established. 3. The process of Claim1l wherein the
metal silicon nitride is titaniumsilicon nitride. 10
4. The process of Caim3 wherein the netal amde is
sel ected fromthe group consisting of

t et r akivherHin i WilcBRicBAtiinPEdurER i@E@I\%@i from the group consisting of

tetraki s(di ethylam no)titani um ( TDEA

tetr ak'd%sldiwwmﬁuhaénﬁﬂbmw\s} %ﬂtéﬂtﬂ&ut&lEﬁMﬁIﬂar@mTBAS) di-sec-

m xt ures theréof he process of Caim4 wher éi n

the si |bhﬁyFHt‘mﬁ6Hilbﬁé rHlJ?eﬂ't 6&%9I§ﬁuﬂb9éﬂbﬁél aRd fhixtlireSRhéteof, and
Si-H3 fragments is di-iso-propylan nosilane(Dl PAS). 6.

The & 68Ty Afeyheiuitshdlirohltania] sdirbd.con ni tride

is tanalum'silicon nitride. . The process of
Claim6 wherein the netal amdels sel ected fromthe
group consisting of tert-butylimno

t pi (THeeproyesyafmRifrPNivAblelA thd B tEPEEén bk fépedad iitil BideSired

tri(dimethylam no)tantal um (TBT tert-butylimno

tri (1lckiés¥eisifch AMdstabiisRel. al um (TBTEMF) ethyl l'inno
tri(diethylam no)tantal um 25 (EITDET), ethyllim no

tri(di methylam no)tantal um (EI TDMI), ethyllimno
tri(ethyl methylam no)tantal um (EI TEMI), tert-anylimno

- 82 Trd frabaRtdNGiam Nahéi Bk Wiatél BiNchihitride is titanium silicon nitride.

tert-anylimno tri(diethylam no)tantalum
pent aki s(di net hyl am no)tantal um tert-amnylimno
tri(ethyl nmethylam no)tantalum and m xtures thereof.

548. THSroBE R THaiff 3 Whévielh the WRRAIGINIAE ig 8l dttebirdrh GeIgroup
nitride is tungsten silicon nitride. 9. The process

?L Qonkidting vhetrakisidirmahBhmb)tRanigh (Temaghected from
e group
tetrakis(diethylamino)titanium (TDEAT), tetrakis(ethylmethylamino)titanium

(TEMAT) and mixtures thereof.

5. The process of Claim 4 wherein the silicon-containing source having one or more

Si-H; fragments is di-iso-propylaminosilane(DIPAS).
6. The process of Claim 1 where the metal silicon nitride is tanalum silicon nitride.

7. The process of Claim 6 wherein the metal amide is selected from thé group
consisting of tert-butylimino tri(diethylamino)tantalum (TBTDET), tert-butylimino
tri(dimethylamino)tantalum (TBTDMT), tert-butylimino
tri(ethylmethylamino)tantalum (TBTEMT), ethyllimino tri(diethylamino)tantalum
(EITDET), ethyllimino tri(dimethylamino)tantalum (EITDMT), ethyllimino

tri(ethylmethylamino)tantalum (EITEMT), tert-amylimino

-12-
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consi sting of

bi s(tert-butylimno)bis(dinmethylam no)tungsten
(BTBMWN, bis(tert-

but yl i m no) bi s(di et hyl am no)tungsten, bis(tert 10

but yl i m no) bi s( et hyl net hyl am no) tungsten, and m xtures
thereof. 10. A process to deposit netal silicon

ni t rt'r@ﬁn@fhy@nﬁhﬂ)ﬁnfaﬂrﬁ (EANXT) SteRGimylithind Pi{di@eylatho)tantalum,
vapors of a netal am de conpri sing

tet r@Htaﬂ&ﬂtlﬂ@tmérﬁﬁbﬂéﬁtblhﬁﬁfé#ﬁhf/lmn(eth?ﬁﬂétﬁylékﬂﬁhbff'tdntalum,

substrate long 15 enough to allow the surface sorption

to raachixtdres fetdofl 1 M ting end, b. purging away the
unsor bed netal am de, c. cont acti ng a

silicon-containing source conprising di-iso-
propyl am nosil ane(DI PAS) with the heated substrate to

I @aCtha/\brobeds & CISRY PRAerdthémetdlisiiton Wirieas furigdten silicon nitride.
exposure duration | ong enough to allow 20 the surface

reaction to reach its self-limting end, and d.
purgi ng away the unreacted silicon-cont ai ni ng source.

1. ThepdtaRasFTIgin SEvhbrdinlife mutalkefidé ¥ edldciédiorh ife group
step of e. introducing vapors of a nitrogen- contalnlng

C ONMsymeRting6tbis ferf- but?lﬁﬁlﬁb)bﬂ; @nRihyldhfins)urReng8TBMW), bis(tert-

ni trogen- cont ai ni ng gas, repeating steps a

t hr asl@lindino Jurstduéthﬂam)tnﬁgktémltﬁé(mss of filmis

est abl 1 she The process of claim 11l wherein

t he BtHINNEEBis(aRfimethyReniNOIPQERE, arfd mXtREs Biéredfr om t he
group consi sting of ammoni a, hydrazi ne,

nonoal kyl hydrozi ne, di al kyi hydrozi ne, and m xture
thereof. 5 13. A process to deposit netal silicate on

a fbA pFatess EOdaP0sE nitdal silidon AititedsH 4 BEbstrRRPESM SHsirdy:
nmetal am de conpri sing

t et r akias (sbintaritify bapors o) 4 irietdl ianiidld ddavprising th a heated
substrate | ong
tetrakis(dimethylamino)titanium (TDMAT) with a heated substrate long
enough to allow the surface sorption to reach its self-limiting end,
b. purging away the unsorbed metal amide,
c. contacting a silicon-containing source comprising di-iso-
propylaminosilane{DIPAS) with the heated substrate to react with the
sorbed metal amide, wherein the exposure duration long enough to allow

the surface reaction to reach its self-limiting end, and

d. purging away the unreacted silicon-containing source.

11. The process of Claim 10 further comprising the step of
e. introducing vapors of a nitrogen-containing compound, and
f. purging away the unreacted nitrogen-containing gas, and repeating steps a

through f. until a desired thickness of film is established.

-13-
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enough to allow the surface sorption to reach its
self-limting end, 10 b. purging away any unsor bed
nmetal am de, c. contacting a silicon-containing source
conprising di-iso- propylam nosilane(Dl PAS) the
exposure duration | ong enough to allow the surface
reaction to reach its self-limting end, d. purging
away the unreacted silicon-containing source, 15 e.

i ntroducing vapors of an oxygen-containi ng conpound,

f. 1 DU PScBYBH didi® M WSREIh ke RIrBGERCERBhRg! otAd is selected
and repeating steps a through f until a desire

t hi cikdiR oi%e v\g’r{)uﬁ cbMRidtig®t bAPAINH) BYdrazih8; mbRSalRyIRfRSSne

claim13 erein the oxygen-confaining conpound is
sel e&gm&yd’;-gz,ﬁé QRdtrhiRtuee afedionsi sting of water, air,

m xture thereof. -14
13. A process to deposit metal silicate on a substrate comprising:

a. contacting vapors of a metal amide comprising
tetrakis(dimethylaminojtitanium (TDMAT) with a heated substrate long
enough to allow the surface sorption to reach its self-limiting end,

b. purging away any unsorbed metal amide,

¢. contacting a silicon-containing source comprising di-iso-
propylaminosilane(DIPAS) the exposure duration long enough to allow the
surface reaction to reach its self-limiting end,

d. purging away the unreacted silicon-containing source,

e. introducing vapors of an oxygen-containing compound,

f. purging away the unreacted oxygen-containing gas, and

repeating steps a through f until a desired thickness of film is established.

14. The process of claim 13 wherein the oxygen-containing compound is selected

from the group consisting of water, air, O, and O,, and mixture thereof.

-14 -




