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The present invention relates to substrates having titani um based
coatings, and to methodol ogy for preparlhg such coated substrates.
More particularly, the present i nvention is directed to substrates
havi ng sub-m cron 10 features and conformal Ti and Ti N | ayers and

bi | ayers coated thereon, and to | owtenperature and pl asnma- pronoted
chem cal vapor dep05|t|on t echni ques to provide Ti and Ti N coati ngs.
Background of the InventloﬁONEﬁRHAL TITANIUM‘HH&EQ FRLMB ) and titani um
nitride (TiN) are r BR . » ' AREPARATIIONSt r uct ure, coval ent

> I

-bondi ng and netalllc COﬂdUCtIVIty These characteristics lead to
hi gh specific strengths at el evated tenperatures, excellent
mechani cal, chem cal and thermal stabilities, and good 20 resistance to

corroséon. These properties hﬁi&lﬁEﬁEﬁiﬁéﬁ&ﬂiﬂﬂ:iﬂn

‘The present invention relates to substrates having
titanium-based coatings, and to methodology for preparing
such coated substrates. More particularly, the present
invention is directed to substrates having sub-micron

10 features and conformal Ti and TiN layers and bilayers coated
thereon, and to low-temperature and plasma-promoted chemical

vapor deposition techniques to provide Ti and TiN coatings.

Background of the Invention

is5 Titanium (Ti) and titanium nitride (TiN) are
refractory materials with ionic structure, covalent bonding
and metallic conductivity. Theése characteristics lead to

high specific strengths at elevated temperatures, excellent

mechanical, chemical and thermal stabilities, and good

20 resistance to corrosion. These properties have made titanium
and titanium nitride important buil&ing blocks in the
manufacturé of'very large scale integrated (VLSI) circuitry,
where they function as, for example,“adhésion layers and
diffusion barriers. VLSI fabricaticn also makes use of Ti-

25 TiN bilayers on silicon substrates, where titanium functions

. as a getter for oxygen-at the silicon interface. _Such a

bilayer provides‘significantly'lbwer and more stable con:tact
resistance than a titanium nitride single layer, and improved

adhesion and diffusion barrier properties, compared to a



and titaniumnitride inportant building blocks in the manuf act ure of
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st abl e copitanium metalesiisigdecdaylean fori thei subsedudrnte slungimin-ayer, and
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sche : fnc ed thalllzatlon for
ULSTgrippI | ca'%l onglm Q0Sp; ©Cspur gh,
PA, p. 227, Rana ed%R), Ma&SJ.sae@ tbecdepst@m@%ﬁhofpﬁulﬁt rz’#ves havi ng
features, such as holes, vias and trenches, of diameter 1ess than 1

mcron, of{%R 1 &as seen Gk@ sieyedrasateofnsukbetratem harging 0. 25 mi cron.

- These fi ewéygi ral.es t e t al ly use d i n ULSI
ci rcwtr;}:eéay Lﬁaés{) re erre rbtl% He?’té'gg aﬁ& trenches - ar%pc&rlbr%“ey es. The

sub-m cr otrha;ublstma:tm usfteinn less thahl Bl 5Cini et rynd aseerd aaésg Qihaw th

laspfgt re% ﬁg;mlcron fiese finely patterned substrates that are
typically used in ULSI circuitry, will be referred to herein
as sub-micron,substrates- The sub-micron substrates used in
ULSI circuitry have features with aspect ratios, i.e., the
ratio of the depth to cthe width of a feature when. viewed in
1s cross-section, of about 3:1, sometimes 4:1 and sometimes even
6:1. N |
Reliable methodology has not heretofore existed for
. the coating of confcrmal, high-quality Ti and TiN films onto
the figgly.patterned substrates used in ULSI circuitry. And
. 20Q.- yet there is a critical need for appropriate adhesion layers
and diffusion barriers which may be met by Ti and TiN films.
Physical vapor deposition methods, such as sputtering, which
were successfully used in manufacturing VLSI devices, are
unahi@;to meet the requirements of the new ULSI devices. As
25 featuré sizes are reduced into the hélf-micron range and
below, sputtering techniques provide undesirably non-
conformal cdverage. For example, sputtering causes thinning
at vias, hole edges. and wélls, and keyholes in the vias and
trenches. Further, the deposits provided by sputtering
30 techniques frequently contain trapped sputter gas and possess

a columnar growth structure which seriously inhibits their



ratio of the depth to the width of a feature when viewed in

cross-section, of about 3:1, sonmetines 4:1 and sonetines ev

Rel i abl e ﬁEOHG@EF%gy has not heretofore existed for fﬁ% cogglng of
conformal, high-quality Ti and TiN filns_onto "the finely patterned
substrates used in ULSI circuitry. And >0 yet there is a critical need
for appropriate adhesion | ayers and di ffusion barriers which may be
met by Ti zreclibebs| 88. diffusiofhyareiéryap@edlemnsy.t,i &n Satioisecsuch as .

sputtering, which wer e successfully used in panuf Qtugj%%LV%gl
devi ces, ard-. lbldvuﬁabPéstoMﬂeetm%H%zr%éu?teﬁeﬁts;%ﬁ & "new

devi ces. és 52 15§?t“5ﬁdshzeﬁﬁﬁée Eegyceqnhgtq;thgxnal&ﬂﬁhprogorange

and OM/ Sputtering techhi ques provide undesirably non-

conf or mal qnvenage EGB1exaEﬁEertspubteesobveamhesﬁtpﬂthany throughat vi as,
hol e edges and wal | 's, and keyhol e tr.enches.

Furt het, qyﬁﬁ&ﬁhﬂ?mﬁPovPGeH°9yisﬁatPB ?hﬁafgﬁap°rtiﬁﬁﬂﬁﬁﬂﬂes frequently

contain trq:(g}]qg,, n e CObLPREF OV ares eléit Ur €
whi ch seri ous Q#ﬁ%lm ts g%rQOEQEaQEad rSEftl 2%%8 8

PCT/USQS/]&HhEhccessful -o date because of, for examplbe. reduced. usef Ul ness
as diffusion barriers., See, altoh o P. 495; M
Jimnez et Hroughpuf, duegto Y ci’t‘seB§§ a col bmaiﬁ‘EZ &&%ﬁi and. A. Noya et
al ., Jpn. JoaAPfduldt® Genetdtion, and ihtrélseddB8dénsitivity t® resol ve
t hese problens through™ 5 t he devel opnent of nodified physical vapor

desorp®i on processinchrdapdisiongh as col linmated reactive sputtering, have
Chroughput due t ot he AR Say SHResteighoUcPETiRe e BEOCEEE | | i
gener at i on, wReEeby G4 GRSELH SEIIN tis/ idphdhesized from the reaction
products of gaseous phase precursors. The energy necessary
to activate the precursors and thereby start the chemical
15 reactions which lead to film formation, may be thermal and/or
electrical, and may be reduced by catalytic activity at the
surface of.the stbstrate to be coated. It is this reactive
process which_distinguishes CVD from physical deposition
processes, such as sputtering or evaporation. CVD
. 20— potentially offers many 1ntr1ns;cally attractive features for
fabrication of Ti and TiN films as demanded by modern
microelectronics. Fcr example, CVD can_generally provide a
high growth rate and conformal coating of substrates having a
complex topography of trenches and vias. 1In addition,
25 catalysls 1nt°ract1on cf the substrate with CVD source
precursors can p0551b Y lead to selectlve metal growth.
However, as discussed below, recognxzed CVD
methodology fails to provide Ti and TlN coatlngs with
conformal coverage for substrates navzng sub- mlcron features
30 as typ;cally :ound la ULSI circuitry. In addition, standard

CcvD methodology requires processing temperatures in excess of



10 processing conditions. Chem cal vapor deposition .
(CVD) is _a process whereby a solid filmis syntheS|zed fromthe

reacti onWO6/12048, o4 ct s of gaseous phase precursors. The T8V R essary
to activate the precursors and thereby,start the chem cal 15 reactions _*
which lead to filmformation, may be thermal and/or el ectrical, and
may be reduced by catalytic activity at the surface of the substrate
to be coaalmshit 1650°€,t Whicheast higher than[ranxrypimhﬂdy bestohgrasbdgds CVD

from physjc i tion. processes, such as sputterin r
ovapor at | 1 ULSI EaR i5atanr 4Py’ ERBLaTRaAGTY SR 3o A S 6 ve
features g@dvide the fc?slarcla%fsl #Br0tndi capduit N fthdRuas sermndaduly deer n
m croel ectronics. For exanple, CVD can generally provide a hi gh

growt h r stentant @ffeowiivedyarieqyivess bt Famperacugdem of less thagnpl ex
t opo, raph of Egﬁaﬁhes and vias. In addition, 25 ¢ catalysis interaction
of t 4t th CVD source precursars can possibly lead to

sel ectlve nmetal grow Ris known to prepare ERVENSim mecl SGUsaedboelaw,
recogni zed CVD met hodol ogy fai'ls to provide Ti and TiN coatings with

conf or mal of dviersmpe Fsstisteids (VR dPARND) ngLsTECH] dimorm Mdxturesof 30 as
typically found in ULSI circuitry In addition, standard CvD
iret hodol OYYEFRERR ARd &Y@Eégﬁnng theﬁﬁéFSFBPegyF%méR%s%eﬁﬂnance (ECR) o
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t ol B0 at edatmosphdiidlpdedsired cVD anmivem abifgMICEelands as the material to
provide the contacts for the circuit. The use of al uni num contacts
ef f ect i vel Soprepilanine/ps enreastangs .of Seessetdlan M. Hilton et al. -

Thin Solid Films, 139, p. 247, 1986, and T. Akahori et al.,
Proc. Int'l Conf. on Solid State Devices and Materials,
Yokohama, Japan, p. 180, 1991. These efforts led to an

15 appreciable reduction in process temperature, to within th

desired range of about'350°c-$bofc. However, film step
coverage was only 30%-70% for features of.ioW'aspéct ratio,
and the films exhibited undesirably high resistivities of
nearly 200 puQecm. In addition; the films suffered from

20  chlorine contamination to the extent of several atomic
percent. ' | |

Early attemnts at preparlng titanium nltrlde_leﬂs

us1ng CVb mostly 1nvolved coreacting titanium tetrachloride
(Ticl.) ‘and ammonia (NH ) to yleld TiN films with

25 resistivities in the range of 50 to 100 pQcm. These early
attempts provided filmé having good stép'éoveragé and
diffusion barrier properties; Seé, e.g., A. Sherman, J.
Electrochem. Soc., 137, P- 1892 1990. 1In aadltlon, “films
produced thereby had impurities, malnly chlorine, at a

30 concentration of less than about one atomic percent. See,



5 about 500[err]C. It is known to prepare titanium net al
films by use of plasma-assisted CvD (PACVD) of Tid [‘i’rér ' I Xture
Qf Wﬁﬁn&a‘g‘n and hydrogen; by electron cyclotron resona%l%dgglz%&g)
plasma CVD of TiC[err] in a nitrogen_.a¢nosphere; and by 10 at nospheri c
pressure CVD (APCVD) using TiC[err] and | sopropyl am ne as

coreactants. See, e.g., M Hlton et al., Thi.n Solid Ei | s, 139, p.
247, 19862-8nd V. BRghdmaneetapl, in =St at e

Devi ces a%&%}g e@. V. RERRALR. 2 93Pahc A RUE). sLA)loiEhgsarEhl Of LS
led to an ¢i abl'e reduction in process.tenperature, to within the
desi red rarge paf 3aboutt9%30C HeWEeer] Cchéloiyte rprdddsaisice temperatugesr age
was only 30% 70% for features of |ow aspect ratijo, . and the filns

exhi bi t ed WVRIYECI Ry PRPGHCEEG] SPeFR! £ilng, typicallydn PX566 &fr1cm In
addi td on, ddipd, LFRrawiter edikr eBLRAo1 ogf N Abh e HRf WBEAJ @reRriehe

extent of several atomc percent. Earl'y attenpts at
pr epar i ng ULSIanievhoeist, r witd.chi icap toleratiei nemmpdAaguxras \nath\@xeagdrcor eact i ng.
titaniumtetrachl oride . (Tid[err]) and ammonia (NH err]) to yield Ti N
films witHR3EaOUES08°C;i ties in the range of 50 to 100 [err]cm  These

early ~ attenpt srHyQViad@d seivleFa1N26pBoL §06F ShEusH\EE age and
di ffusion barrier properties. See, e.g., A Sherman, J. . Electrochem
Soc., 137,oygans®exallde) precursdrsi §0, PERPALe titaniim ARG 4TAHHAT) had

i) g ug@ E) im? imprggtg% %’f i(‘ﬂl§ce) (r?i,yn %V'Daft %01%_0 examﬁ?g‘f CPLEAL ! &e Oée\}eefasl t#@é&:ﬁ;b out
reports on metal-organic CVD (MOCVD) of TiN from dialkylamino
~-+ derivatives of titanium of the type Ti(NR,),, where R is a
methyl or ethyl group. See, e.g., R. Fix et al., MRS Symp.
Rroc., 168, p. 357, 1990; and K. Ishihara et al., Jpn. J.

15 Appl. Phys., 29, p. 2103, 1990. Additional MOCVD studies
involving the use of single source titanium precursors of the
type TiCl, (NHR,) (NH,R) and TiCl,(NR,), have been reported.

See, e.g.., C. Winter et al. in Chemical Perspectives of
Microelectronic Matexials III. ed. C. Aberriathy et al., MRS,

20  Pittsburgh, PA 19292; and K. Ikeda et al., E edi "t
1992 Dry Procegs Symposium, p. 169, 1992 (using

cyclopentadienyl titanium compounds, such as
bis(cycl’opehtadienyl) titanium diazide). The use of d:_i.imine

analogs of P-diketonates such as Ti(NH),C,CHR,), in MOCVD has

25 also been reported. See A. Weber, The Proceedings of the
'~ Schumacher Confersnce (San Diego, California, 1993).

However, the TiN films produced by MOCVD exhibit relatively

high resistivities of greater than 200 puQcm, and a step

coverage below 70% even for features of lofn aspect ratio. In
30 addition, the films contained hydrogen concentrations of up

to 50 atomic percent, and a carbon concentration of several
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e.g., J. Hollmn et al. in Advanced Metallization for ULSI

Appl i cat Wsh%6/12648. V. Rana et al., Mat'l Res. Soc. Pi ttsbu?&ﬁ’,us”m%A, p.

- 319, 1992. However, the high processlng tenperatures i nvol ved in
produci ng these filnms, typically in excess of 5 650[err]C, prohibits

this technol ogy from being used to prepare ULSI devices, which can

t ol er at e dtemier perteacnot Thesat tmpuritiesarealivghlyodesrimental to.

There are several reports of the use of ._. or gan tal.li recursors to
prepar e tiRCaREFFOIAADCR: QA Eﬁ?lﬁesufﬁﬁ?i%’el“ﬁ ﬁ@aﬁ&?@\?ﬁweﬁ r exanpl e,
there arg, saMeldl theG®use in ULSPOAEPi&ds Mt al -organic CVD (MOCVD) of TiN

from di al’kyl am no gerlvatives of titaniumof the type Ti o
(NRlerr])[err], whMOEVR h@saalso beenestydied faniheymugparasden efg. , R

"Fix et al., MRS S . Proc., 188, .p.._.357 90, a shijhara et
al . ,prn.tlJFa‘Té‘“‘ %| BR%s. &-9gr ﬁ: ‘ﬁ%%‘?e’i%g%'? aolA'ddiqtqﬁ ?ﬁ’ﬁh‘%bc\m
' ' bngl Ma tit}rddim precursors of the

st udi es Wm%wmww

type TiC[err](NHRerr]) (NHerr]R) and Tid[err] (NR[err])[err] have been
reported.C. Abernaldw, ef @i .,CMR® nPakteburgh, | FA W34 cAOPaIdT&ct i ves of

M cr oel ecy ' terjials I.IL. _ _ \ S, {1a-

Pi t t sbur 3{’1‘{5&%_ ity Kl‘ﬁé%gpee?tgﬁe;f£%?%‘?e(e§?eﬂ§§na¥‘I\%e‘"‘ ndzg_llal_ggz Dry
Process Sydpiosiifieftankbh (@I81€HI 79, —cyclopewd fppstividivamdd titani um
conpounds, such ‘as bi s(¢ycl obpént adi enyl ) titani um di azi de). The use
of doi M neompounds dmted gl sef Heenr expilbeednaseprecutserss to titanium
(N %g@%&;;@%%%?,ggg e 2E 31125 sapinese Bl Wb [ PO L €.

01/290,771, 1989. However, as in the case of TiN, the

- resulting Ti £ilms exhibited high resistivity, and carbon and
hydrogen content in excess of 10 atomic percent, making them
‘15 undesirable for use in_ULSI circuitry fabrication.
It is known that titanium halides will decompose to
Ti at temperatures.in-éxcess of 1300°C. This reaction, which
is known as the Van Arkel process (see, A. Van Arkle et al.
Z. Anorg. Allgem. Chem., 148, p. 345, 1925) occurs at such
20 ‘high temperatures that it is not useful for ULSI fabrication.
_.There thus exists a need for technology to provide
Ti and TiN films suitable for ULSI fabrication. Such films
must be of ulcra-high quality, in terms of purity, with
impuriﬁy concentrations well below 1 atomic percent. Also,
25 the films should desirably exhibit a non-columnar structure
in order to perform appropriately as a ba:rie:_layer.
Further, the films should be conformal to the complei
topography of ULSI circuitry, and provide step coverage in
- excess of 70%. It is deéirable that technology be developed
30 which can readily prepare single films containing either Ti

or TiN, as well as bilayer films of Ti and TiN, and that such



Séhunacher Conference (San Diego, California, 1993). However, the

TiN filnms produced by MOCVD exhibit rel atively high resistivities
of greaterwdes2e40 [err]Jcm and a step coverage bel ®ETASIS/ER24N f or
features of | ow aspect ratio.:- In 30 addition, the filnms contained

hydr ogen concentrations of up t"0 750 atom c percent, and a carbon
concentration of several ' - WD 96/ 12048

PCT/ US95/ 13¢dénnology be amenable to process temperatfires below S4ESRE€
percent. These inpurities are highly detrinmental to t he performance
of -the resusoohg fn!|swdenctefgrntdntelthermallyr @hdbcedt devices@amagel S|

devi ces. B ... MCVD has al so been studied for the preparation of
5 titani GWFHRFRYOCER®INGE g T. Groshens et al., in Chenical

Per spect i ves Of“hncrofiig%éiﬁﬁééﬁﬁﬁl !&QéifabhéquaB;%egﬁgéeégeﬁgathy et

al., MRS, Pittsburgh, PA “usi ng chniques with
neopendbyl t i developéd/fric GOHaws |fdrembelipraparsitian of the above-
neopentyltitani um:. err]SiCH err])Jf.err]Tj. Cyclopentadienyl-based 10
Conpounts. HISBELPReE bEETAR SRBIF LRI G SA-Ehichos R Bni (LEASUE Fhe o,
See, e.g., hbcé§@¥€yeéfaérané?ﬁ??%ﬁ?*J*Edﬂﬂtﬂ!%e_cdatedoﬁﬁgﬁoa751n%ig89-

However, as in the case of TIN t resulting Ti filns exhiDited high
resistivityfidmd(TiroonTilid to anothelr apartiom shamberekoedepogitotheoni ¢

PELCEML TONLRGe BETL® mod RS 1 RS WeSheBLall Lhe
decomaose t@roduction of a bilayer typically involves the laying down of
a first'layer'in a first reaction chamber, and then

transferring the substrate to a second reaction chamber where
a second layer is coated onto the first layer. Current
technology does not provide a single reaction chamber with

15 the versatility to deposit both Ti and TiN films merely by
controlling the operating parameters of the chamber. As is
known in the art, a process for the in-situ deposition of
sequential bilayers of Ti and TiN is desirable in part
because of the high affinity of titanium for oxygen and

20 water. This affinity leads typically to contamination of the
Ti film surface during transfer to a second reaction chamber

where it is coated with TiN.

g of ‘the Invents

25 . 'One aspect of the invention is a method for the
chemical vépor'depoéitibn of a titanium-based film conto a
substrate, which Compriseé ihtroducing to a:depositién
chamber the following components: -{a) a substrate; (b) vapor
of a compound having the formula Ti(I,.n.n) (BXy) (Cl,)

30 (hereinafter formula (I)) wherein m is 0-4 and n is 0-2; (c)

a first gas selected from the group consisting of ammonia and.



Ti at tenperatures in excess of 1300[err]C This reaction, which S

known as the Van Arkel process (see, A Van Arkle et al. Z. Anorg.

Al |l gem ®RA§1204813 . 345 1925) occurs at such 20 hi PCTVUR9HEI243 ur es
that it is not useful for ULSI fabrication. There thus

exi sts a need for technology to provid® - Ti and TiN filnms suitable for
ULSI fabrication. Such filns must be of ultra-high quality, in terns
of purityhydrddine; andirgiura tgeconidc gas’ selledsedCitonet gV draiipn ¢ percent.
Al so, 25 the filnms_should desirably exhibit a non-columar ‘structure

~in order TP G S fHYsiHagete| pisyogepar AFEPN| ap@rxenon. Theseder, the
films Shoé&rﬁbé}?er?@f%é“?:{aitrﬂ:a[i%%dcqu!tﬁ)é deposieg(ggggélg#) %arlu,lt‘asil <

circuitry, and provide step coverage i ess

desi r abl etergerdmona Dapbdut devetopedaBdut s3¥¥cShpeaReraBli! ypoLEPar €
sing%e filpms containing either Ti . or TiN, as well as”bilayer filns
of 7 and®a 1§ EhPRIR L5AF, for a timgpsyffiobemt to deposit a

PCT/ US95/ d 32431 un-based SANRPIA0Y REAURRADLECLO PLOCESS; formeratures bel ow

about 500 Cin order to prevent yiin [ %edanage
during prposfarred embodiments, the cbipbandspecietrmylslesiy afd e that a

process be 5 . devel oped which allows for the preparation of the above-
nentionedFﬁ§§9ﬁ?@xﬁﬁR#%HQﬁ¥af -FﬁgSWP&?rYFEF}°WW€fﬁﬁﬁ?qgﬂp atoms rigressity
O oSS, AU a0t SnLBltnens (41130 el L0,
cur¥@ent technolThg methed is particularly useful when the substrate is
a silicon or silicon dioxide wafer useful in the manufacture !
of a ULSI device. . |
According to another aspect of the invention, a
method is_prcvided for the chemical vapor depositionlof a
15 titanjum-based film onto a substrate, which comprises
introducing to a deposition chamber the following componencs:
a) a substrate; (b) vapor of a compound having the formula
- {I) as above, and preferably titanium tetraiodide; and (c) at
least one gas selected from the group consisting of hydfqggn;
20 hydrogen and at least one of nitrogen, ammonia, argon and.
xenon; nitrogen and at least one of ammonia, argon and.xenon;
ammonia and at least one of argon and Xenon. The above
components are maintained in said chamber at a temperature of
about- 200°C to about 650°C, preferably about 350°C to about
25 475°C, in the presence of a plasma having a plasma power
density of about 0.1 to about 0.5 W/cm’., The components ara
maintained under these conditioms for a time sufficient to
deposit a titanium-based film onto the substrate. According
to preferred embodiments. the gas component (c) is hydrqgen.
30 or hydrogen in combination with nitrogen or hydrogen in

combination with at least one of argon and xenon. A



10 production of a bilayer typically involves the |aying down of a
first layer in a first reaction chanber, and then transferring the
sybst r at e WO 96/120d8 ond reaction chanber where a secondPCHYPEINB23:0at ed
onto the first layer. Current:- t eclnol ogy does not provide a S|ngle
reaction chanber with 15 the versatiFify to deposit both Ti and TiN

films nmerely by controlling the operating paraneters of the chanber.
As is pr&immed subistrade, is ;arts«iéa‘sohoort belicesidioxiegpmsiafen of
sequenti al ers qQf Ti and TiNis deS|ra le.in part because of the
hi gh af fi n‘r’ﬁ/é i & BRI ge REal%#S30 e"&\ﬁ?t‘ér This affinity | eads
typically to contam Qeadd, QY ttch%nother Ibpfab{:”béuﬁf;écfn@éﬁii&tra”meer to

a second reacti on chanber where it iS coated with Ti N

Sumary ofmetkod e mreridesi for deposumgn@uéspp&;e bayene ¢hvention is a
net hod for chen1ca| 05|t on, o itani umbased film
onto g ti %ﬁﬁrziseu %ﬂ] tﬁ?FSdHBFES f% SQ% o5t t¥ on

chamber theeﬁ@ixhs)vmead:qrmwegﬂr@le (@pc%:.&liaﬁt kahltoth) TREORethod Of a
conpound having the formula Ti(I[err]) (Br[err]) (Cf[err]) 30

(her ei naf t €PMPHEFRA LHe )grepreaf ninhdosiuging, sgmpopgndsp; wheyein theg fjrst
| f
82712843Ct88m55ﬁ£ﬂég] 2 YU P %@E@@Eaeggggﬁg?igzh vo v

- 8 - chamelr azwiere atite (shurcs grevhr®er 96l aped bfoart beage ovge
consisting of hydrogen nltrogen argon and xengn. These conponent s
are mdi nt afABECHRA ¢k FRFBNA | b AmARaves agd is preferably vapor of

titanium tetraiocdide. The method comprises sequentiall
depositing onto the substrate alternating layers of titanium
metal film and ctitanium nitride film, where either the
titanium metal £ilm or the titanium nitride film may be

15 deposited first onto the substrate.

According to a preferredfgﬁbodiment, a titanium
metal film is deposited onteo a substrate to provide a coated
substrate, and a titanium nitride film is deposited onto the
coated substrate. The titanium metal film and the titanium

20 nitride film are formed as described above.

Another aspect of the invention provides a
substrate for intégraced circuitry having a coating disposed
thereon. The substrate has features, such as holes, via; and
trenches as typically found on integrated circuits, with

25 dimensions of less than one micron, and preferably less than

about 0.5 microns and more preferably less than about 0.2
microns, and aspect ratios of at least about 3-1,'pr=fera;ly
at least about 4:1 and more preferably at least about 6::
The coatlng is a tl;anlum based £ilm that is conformally

30 deposited onto the substrate with step coverage greater than
about “70%. |



tenperature of about 200[err]C to about 650[err]C, preferably about 5
350[err]C to about 475[err]C, for a tine sufficient to deposit a

titani un™MsH26443048i | m onto t he substrate. According to PCHUSSA3R43d
enbodi nents, the conpound of formula (}) _is titaniumtetraiodi de and
the nolar ratio of nitrogen atons in conponent (c) to titanium atons
I n conponent (a) is at least 10 1:1. The nethod is particularly useful
when the substrate is- a silicon or silicon dioxide wafer useful in

t he manuf acture f.a_ULSI device. . According to

anot her aspect of the _ , ' i ded for the

chem cal vapor depogéti&P=&bify loummary ! Ay wgﬂgaggdthélgbgmggiﬁgsubsprate,
whi ch conpri ses i ntroducing to a deposition chanber the ol | ow ng

conponenggtailed descuipubenrof ore¢fdrnash @mbodimensspofinthaavi ng t he
forula |, ) as.above,. and preferabl i tani um tetrai odide; and (c) at
Ieasrg':l onéngggtég%éc‘f'ég{)fT%n??ﬁ%e%r‘ﬁﬁe gﬁ%‘?‘if{"&ﬁ& 53Ry dPoGeR: uBgT1on
hydrogenwagd 8hel 895én@é€ @fawing®JeForBHYiptrpdE@OBallluscratiNgnon;
nitrogen and at | east one of ammoni a, argon and xenon; amonT a and at

| east on&hgf iAVEBRiARd %Re%H. aThcshawydn the drewisgsnembadémentatai ned in

sai d cha a fyr t 200} er g.abqut 650C,
preferabﬁggggo%fQSégFggé?f#té%%gﬁﬁﬁed25:ﬁp%ﬂygﬁ%r%FCPLSE%Fﬁ§° fesence of a
pl asma haowegez, pthatatheWefivent ion dindty ldmialedutoOrhet praboge 0.5

Wenjerr]. The conponents are frai nt ai ned under these conditions for
a ti%e sGFFPEPEMEnts and ingepementalitiesishawbasedrf Fhm dravings:

s hydrogen 30 eohy b b8k R R e Y ogen i n X
conbi nat reacwiioh apphrastsousedftarycnevel chemicalAvapor accerding
to the present invencion. o
FIG. 2 is an x-ray diffraction (XRD) pattern of a
15 TiN film produced by the TCVD reaction of TiI, and NH,. XRD
indicates a clean (111) TiN phase.
| FIG. 3 is an x-ray photoelectron spectrescory (XPS)

spectrum of a TiN film produced by the TCVD reaction of Til,

and NH,. XPS results indicate a pure TiN phase with a
20 stoichiomecric Ti to N ratio (1:1) and no light element
(e.g., C, 0, F, etc.) contamination.

FIG. 4 is a Rutherford backscattering (RBS) -
spectfﬁm of.a TiN £ilm prcduced by the TCVD reaction of TiI,
and"ﬁﬁgiﬁ RBS results indicate a pure'TiN phase with a

25 stoicﬁidmetric.Ti to N ratio (1:1) and essentially.no heavy
element (e.g., Cx, Mn, etc.) contamination. ' '
| FIG. S dépiCts cross sections, magnified by
scanning electrcx gig;;scopy, of silicon substrates upon
which oxide via patterns, 6f diameter 0.25 um and 4 to 1

30 aspect ratio, are formed and upon which conformal TiN
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- 9 - referred substrate is a silicon or silicon diig%%ﬁﬁwﬁgﬁ§
useful inW¢ H8#uf act ure of ULSI devi ces. ; o]

anot her aspect of the invention, a _ ;qmethod is provided for depositing
multiple | ayers of 5 titaniumbased filmonto a substrate while the _
substrate remains fixed in a single deposition reactor. The nethod

conpri ses RE ifGfHhaye beernodepraitednbynEEYR, redrkiam athdiI, andonponent s
are a sub ate

d h
source pr rsof’rﬁgscgﬁgggéggh {'gfe‘g:&%njeeéfo‘hang@d&fﬁgrgpgf %nﬁan(e%)e ;Se
above, angydg aorrﬁ'ff{l?@éé y,%pgesgf than 1bblAR! Uﬂhi&grfé o .the g@thod

conprises sequentia epositrng onto fhe substrate ternat| ng
| ayers of thickriess for trnst:raldefmlcasand'rhet acaumxgnshcnm in luhe whigler i t her

t he t.i t api um et al f||_morthet|tan|umn|tr|d | mmay be 15
depos? t ed tﬁ’?@t“"tﬁﬁ??"[at?é‘ SFp&lBat @ has considerabl Erb’r%‘f IRENS

preferred potd NgHHwm ad 'ﬂl@.’fh‘s‘ﬁ@ate thatBEahebbhi | éo&‘@ﬂ?éé tge onto a
substrate to provide a coated - substrate, and a titaniumnitride film

i s deposi tRxeRares t4wen at e‘{;mdlsahrsﬂ-vaheghmblckmm um rret al filmand
the titanium 20 t#efafdefl m are for

Anot her aspect of t e &7 ﬁ‘r 5\71ng§‘%§racgl°n (géﬁ a?%t‘f%‘fn 9% eégr at ed

circui try haveilm prdRidetd B eS¢ asma-proRBECANCVDNLeseDEdh b€ TES
features, such as holes, vias and trenches as typically found *on

I nt eyf at edand rhatd:tc:gexw :trh &b arg:l:mqﬂsums ofThkeeXBDt hpacona imdicartesr

preferably | ess than abqut 0 5 m crons and nore preferably | ess than
about 0. 25"'1'ealn heFagpnl The rati os of at |east about 3:1,

preferably at pe@sty ahoyn 4:-]:-%“%H&b%l&&%ﬁ:éha%éécéi-oéééé&' abewf 6: 1.

The coating is a titaniumbased filmthat is conformall deposited
onto the sepetrrum of tdh Bi ofilovwercdysegt st @rlatskmanpromotedamt 70%

reaction of TiI, and hydrogen'iﬁ an argon plasma. XPS
15 results_indicate'a ﬁure Ti phase, as documenﬁed by its
alloying with Si. B | |
FIG. 8 deplcts a cross section, magnlfled by
scanning electron microscopy, of a silicon substrate upon
which oxide via patterns, of diameter 0.2 um and 6 to 1 -
20 aspect ratio, are formed and upon which a conformal Ti
coating has been deposited by plasma-promoted CVD reaction

of TiI, and_hydrogen'in an argon plasma.

 Datailed 3 Embodi
25 " | Processes utilizing chemical vapor depos'i-ticn (cvD)
have been developed which can prepare titanium-based films
suitable és, for examplé , diffusion barriers and adhesion
inter—layers'in in;egg_-é;.ted circuit fabrication, and in
nart:.cular, J.n ULSI fabrication. The processes of the'

30 :.nvent::.on d:l.rect: ca'—efully selected precursors into a CVD
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Brief: Descrlptlon of the EXaMAn

The fore&&%ﬂzg‘am’rary, as well as the following . det & g‘”’@é%@rl ption
~of preferred enbodinents of the 5 jpvention, will be better under st ood

when read in conjunction with the appended draw ngs. For the purpose
of illustrating the invention, there are shown in the draw ngs
enbodi menfRACTOr. ugdeh Cérrerptléyeﬁpﬁylpteﬁereeewm egnsii il ans .urkder st ood,

however, %@f JJ‘% manta) %:LQQH:LL %Eggdt Ql%ﬁg cgf eﬁ{eselrgﬁpenclon

arrangerre and I tres S raw ngs:

FIG 1 is a di agrarnmtuse& tRredant aheonefnin autan:.umawa:etecbrfﬂmpar atus used
to achleve hem cal vapor accor.ding to the present invention.

FIG 2 | FSRF5E 158 AiFHim SeREH LkRE) CAERAREHA- of EXSMBLATY 1§ HF4MH9A DI oduced
by tde TR LA A 9fc1lidd &5 saB‘é E"I'E‘.Qﬁﬂtm meEH, nidifll cates a clean

(111) Ti N phase. s an x-ray’ p otoe ectron
spect r oscjsriddS)titanium ssp.é.u.tcudm ahdalimibhatesn phexko di iyl udimgl @VD

reaction of, Til]e er XPS. results jndj ate a pure Ti N
phase wi tkh{laa z[ fr:.l]m of t::.tam.um mLtaE.] and t::.tan:L.jum nzj.trnj. “he p

titanium-based films of the invention may be substantially
pure, or may contain a mixtufe of phases of titanium-based
10 materials, e.g., a mixture of titanium metal phases with
titanium nitride or titanium silicide phases. 1In addition, {
the titanium-based films of the invention may contain gas
molecules, for example, niﬁrogen. _ | _ _
To prepare titanium-based films according to the
is invention, chermai chemical vapor deposition (TCVD) or
plasma-promoted chemical vapor deposition (PPCVD), may be
employed. As used herein, TCVD refers to a cvD process
wherein all reactants afe introduced to the CVD reactor in
gaseous fofm, and the energy necessary for bond cleavage is
20 supplied entirely by thermal energy. As used hereln, PPCVD
refers to a CVD process whereln all reactants are introduced
to the CVD reactor in gaseous.form, and the energy necessary
for bond cleavage is eupplied in part by the high energy

eleétrone formed in a glow discharge or plasma having a

25 plasma power dens;ty of below about 0.5 W/cm2 PPCVD takes
advantage of the high energy electrons present in glow
discharges to assist in the dissociation of gaseous
molecules, as is the case with_plasma-enhanced CVD (PECVD),
where PECVD is a'weii-known technique. However, in ccntrast

30 to PECVD, which uses high plasma power densities, the low

power densities employed in PPCVD do not cause ion-induced



20 stoichionmetric Ti to Nratio (1:1) and no |ight elenent - (e.g.,
C, O F, etc.) contam nation. FIG 4is a RH %@ﬁ$EV
backscat t eWiO#§/12048S) ~spectrumof a TiN film produced %?E% D

Feaction of Til[err] - and NH[errl.:§B§ results indicate a pure Ti N
phase with a 25 stoichionetric Ti to Nratio (1:1) and essentially no
heavy - elenment (e.g., C, M, etc.) contam nation.

FIG 5 depi sisstrams aetifidms davege,f iand ajlow thesammanior| @Etfbims
m croscopy, of silicon_substrates upon

di aneter 0. 95t eFePURehSHFess Levers. FERG °\£°h§'ilrlgg,e8§ ge?%%%%gaé%‘ger%;bnof

whi ch conf oggRL; dy ter than WO PG/ 348 t included within PPCVD
DeT/ Uson/ 1289851 v Nyreater than W26/ s not inc %1 1 wi Ilcoatings

have beenhdeposrdémgbyoTIhE)imxﬁndipn4ﬁ Til[err] and NH erfr]. The
coating shown in the |eft-hand m crograph of. FI.G 7 asy hi ckness
of less than 100 nm %wé%?P?{?%P?;ﬁﬁ §9% j§uhred £ thyﬁegg EB?VBLSI
devices. Thecepalh§itS§heHE irmvdieidn His sdveralhdasiai eoapoaphtst FAG 75
has a consi derably thicker coating, and is shown to_ illustrate that

conformal cPxernyscrrdeliveryrayeten €adse Hefoanesotd Agr PRPPAPEhOT

thickness. sublimator) which is used to store and control the delivery

of the source precursor; a vacuum chamber and pumping system

10 to maintain an appropriately reduced pressure as necessary; a
power supply to create discharge as necessary; a temperature
control system; and gas or vapor handling capabilities. to
meter and control the flow of reactants and products that
result from the process.-

15 ' According to one preferred embodiment for the
deposition of titanium-based films according to the
invention, the deposition reactor shown in FIG. 1 is
employed. The source precursor 10 is placed in the
bubbler/sublimator 11 which is heated by a combination of

. _20.. resistance heating tape and an associated power supply 12 to
a desired temperature. The dashed lines in FIG. 1, labeled
12, encompass parts of the CVD reactor which are heated by
the resistance heating tape. A mass flow controller 13,
which..can be isolated from the bubbler by a high vacuum valve
25 14, controls the flow of carrier gas 15 through feedthrough
16 ‘into the bubbler. While a carrier gas need not be
employed, it is preferﬁble £o-use a carrier gas in orxder to
better control and accelerate the rate of flow of the sourc
precursor vapor into the deposition_chamber.'
30 In a preferred embodiment, the mixture of precursor

vapor and carrier gas is transported through feedthrough 17,



FIG 6 is an x-ray diffraction (XRD) pattern of a Ti filmproduced by -+
t he pl asna-pronoted CVD reaction of Til[err] 10 and hydrogen in an

argon pl ¥ef86/120dhe XRD spectra indicates a cl ean hBCHREIBNI243 phase.
FIG 7 is an x-ray photoel ectron spectroscopy (XPS) spectrumof a Ti *
film produced by plasma-pronpted CVD~ 14 - reaction of Til[err] and

hydrogen in an argon plasma. XPS 15 results indicate a pure Ti phase,

as docuneRigH P¥culi® isolacidd QHIRESMilE aBld 19, and delivery Hifs Fp depicts
a cross section, nagnified by scanni ng el ectron m croscopy, of a
silicon siB&PrEie dgresition ngaciP@Elde Wld pzanepast anddieddvery 0.2
[err]m ang, o] ‘ rali Q. are.f d.angd_up whi conf or mal
Ti glég%% [ arllrg};d ﬁtglsgrbe‘ggn epolssla('{leag-‘ 031 S’Iaalg’rr?ag?g% rrg?édfgl[??‘gg%fi%ﬁe

of Til[ermjintdihediragerhe rsue dgerdtaki®@@as the bubbler/sEl] fhd€sk
Description of the Preferred Enbodi nents 25 g Processes

util Pzi nglthef¥RP WRART RIS qromgsistance haeéiMeﬁam\/@@peq whi ch
car PLEDSAERELRURARSE bl 27, RS 8B 05 BHGTRLE, O s on
and in labebedt2ZdrmrompassErdsaluf ciie @VD Teacpopchesesd dbyt he 30
| nventi Onrgisggggngg rr(xaefaltjtl.:lj.r}/g Sfa';?é: ,t ewc{:eprree%lf{es%regtii:qtgotgpgv r?eat:s. the

apparatus to prevent precursor recondensation.

10 - The reactor 21 is a cold-wall stainless steel CVD
reactor of size sufficient to hold an 8 wafer. It is {
equipped with a diode-type parallel plate-type plasma
configuration made of two electrodes 23 and 24. The upper
plate 23 serves as the active electrode and is driven by a

15 plasma generator 25. This upper plate is constructed in a
*mesh” type pattern to allow unrestricted reactént'flow to a
substrate 26, where 26 which sits on the lower, grounded
plasma electrode 24. The substrate 26.is heated to a process
temperature by an 8” boron niﬁride (BN) -encapsulated graphite

20 heater 27. The shower head 28 and associated pumping lines
29 as shown in Fig. 1 are employed to ensure proper reactant
mixing and uniformity in reactant delivery and flow over the
substrate. | |

_ Evacuation.of the deposition reactor is possible

25 throuéh-use of a pumping stack 30. The pumping stack 30
consists of two pumping packages, where the first is
Tryogenic pump-based, and the second is roots blower pump -
based. The pumping stack may be isolated from the reactor by
the high vacuum gate Qalve 31. The cryogenic pump-based

30 package is used to ensure high vacuum-basé pressure in the

reactor, while the roots blower-based package is employed for
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- 12 - reactor, under carefully specified reaction conditions, to
achi eve hiW@A96MBty titani umbased films of the inventi on. PCT/US95/13243

As used herein, the term"titani um bas filnt - refers to a film
containing titanium Exenplary titanium 5 based filnms include filns of
titaniumnetal, titanium nitride, titaniumsilicide and | am nates

t her eof i rRERRABRiIGEe handiiingyef fihenhdght gaanthroughput during adauwal
nitride. T titaniumbased filnms of the invention may be

substanti a y,runs. pure, or may contain a mxture of phases of

titani umbased 10 A{iQyH azuuth Joada 1Bkt Bystém 32 tidiudadreicyd phases
W t h titaniumnitride or titaniumsilicide phases. In addition,
the titani tFAMRRAE fande agdinge ofn FapstsatAaintonded reyaef the ppl ecul es,

for eganplf%aﬁ%f.ig%na}lnl\yén a side lineT?32%§pé&§iLég&‘@&'?@@éed films

accordi ng t1on, thérm emcC apor deposition (TCVD)
or PhddE: Ik ilie Fettit avRQr ideposatkdDi4FP@43, imgo behe
enpl oyed. As used herein, TCVD refers to a CVD process wherein al

react ant s BR2CE r o F 438 thidergds L3600 si Fontrolled oy she gFafS and t he
ener gy necggsar pnd | Su 324 : k ' by ther nal
energy. As usea/doéuée){c.’e]i n, F%C%\@%%éc%r%?eefis l’%gﬁgl:%% ﬁ%%%ée?‘syi/\herei n all
reactants are introdihedsource gredumsc®VDOr ascboding gastbesifivemgiamd t he
ener necessary. for bond cl eavage i.s supplied.in_part t he high
oner 88 | CEE SR L a3t on e AR TR BN APBEOBRA AL TRE EST O | 6
pl asma poweggydensity of bel ow about 0.5 Wecenferr]. PPCVD takes

advant age of ‘the high energy electrons present in glow di scharges to
assist in the dissociation of gaseous nol ecules, as is the case with
pl asma- enhanced CvD (PECVD), wheg e, PECVD,i 5 _a | s known t echni que.
However, in contrast 30 to PECVD, % 1&%@ @?ﬁ“wghaéna power
densities, the | ow power densities enpl @gypd in PPCVD do not cause
I on-i nduced

15

wherein m is an integer within the range 0-4 and n'is an
integer within the range 0-2. Preferably, the compound of
formula (I) has n = 0, i.e., there are no chlorine ligands.
More preferably, the source precursor 10 is titanium

20 tetraiodide, i.e., TiI,.

- After being charged to the bubbler/sublimator 11,
the source precursor is taken to a temperature which is high
enoughrto_éhsure the preéursbr's sublimation or wvaporization,
but not too high to cause premature decomposition.

25 Preferably, the source precursor is heated to a temperature
of about 90°C to about 160°C.

- Thé carrier gas can be any gaseous substaﬁée which
is not reactive with compounds of formula (I). 'Exemglary
carrier gases are hydrégen, helium, nitrogen, neon, chlorine,

30 bromine, argon, krypton and xenon. While halogenated gases

can function as the carrier gas, non-halogenated gases are

e i ¢
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- 13 - substrate and fil mdamage, and allow the formation of fil ns.
with red\W@¥/B04&%ss | evel s. PECVD operated at plasma powe®PCT/USISNRghsity
greater than 0.5 Wecnferr] is not included wthin PPCYD according to
the invention. 5 A deposition reactor suited for TCVD or
PPCVD according to the invention has several basic conponents: a

pr ecur sorpxrfidnred herause (thleyo crahotr edntvilbist & udniy éraleygen subl i mat or)
which is used t.o store and.control .the deliver of the source
precurs_or?mgtmoéhafr?oéheaﬁdtﬁﬁﬁﬂf“ﬁaaﬁﬁgtgﬁi/“io The Prafisiegsh an
appropri adfynidreGased RIreS HYdeoden)CaeES8E¥n &nd argoOVWRIE gt lO Create
di scharge as necessary; a tenperature control” system and gas or
vapor harhe maxRi®hidas mey @dso be anpisrunedof pureigases f| ow of

Aot of ng TR eoi? e el st s RELFBF PR CEaP L8 G ram ey

titani umTciEedrd IFRCVIC @@cdrddngo tbhéhe inventid@ntion, the deposition
reactor shown in FIG 1.is engloyed..The source precursor 10 is
placed in the They, fiewe XSO PEMRNS CAATHAT cFRS sthrquighl the saundei nat i on

| ace _ _ _
2 desi 1 ed LOTEeRR 0o RS AR R hE RS R B) TN A g

enconpasstjow trawd dfhehd/Rarederogashishaboet heat sckhito abour tie

resjstance heating tape. A_nmass flow controller 13, whi ch _can be
i 301L t ed $99M ﬁﬂ?gtameé%ab&y & h20a866h val 3eut B0 scem. Ffilow s the

flow of - cagvd &¥f Gasould Ahriudth lradbitod8Nscem is f&ﬁ# %{%‘%‘ner .
VWhile a carrier gas need not be enployed, it Is preferable to use a
carrier JE&VD rangt RRCVDD according to the invention.

: 'Under action of the carrier gas, the flow rate of
the vapor of the source precursor is about 0.001 sccm to

15 about 1,000 sccm. Preferably, the flow rate of source
about 200 scem. .= _

The auxiliary gas is at least one of hydrogen,
helium, nitrogen, ammonia, hydrazine, neon, chlorine,

20 - bromine, argon, krypton and xenon. As with the carrier gas,
the preferred auxiliary gases are non-halogenated. The flow
of the auxiliary gas, which may be a pure gas or a mixture of
gases, is preferably about 10 sccm to'about 10,000 scem, and
is more: preferably about 100 sccm to about 1,000 sccm.

25 Although for cdnvenience the gas(es) entering mass
fldw controller 13 is denoted herein as the carrier gas, and
the gas(es) entering the mass flow controller 34 is denoted
herein as the auxiliary gas, this.termipology should not be
misconstrued. In fact, in addition to carrying the vapor of

30 the source precursor into the reaction chamber, the carrier

gas may -and .typically does undergo reaction in the chamber

—



Better control and accelerate the rate of flow of the source
precursor vapor into the deposition chanber. 30 L0 2

pref erred WRBHRMENt | the m xture of precursor vapoP CHHFSE3M43; er
gas is transported through feedthrough 13, .. WD 96/ 12048

PCT/ US95/ 13243 - - 14 - hi gh
vacuum i sol ati on valves 18 and 19, and delivery line 20 into the
deposi ti onduringorhe idepositiomsporcesad RHe wawsiliary gasnmgyahd hi gh
vacuum i sol,ation_yal vei %7, .18, 19, and 20 are . ... maintai ngd at at,;e sane
t enper at ur &285°t RE HABHIET/ LRBTT epponents. ift wRigh, C38En 58S SRbR At i on
resi stancechegheNgukdPeaidgas sePbSd hetelldy HPRIL1StRP Ihe? Zeatligvéashed
lines in FIG 1 | abel ed 22 enconpass parts of the CVD reactor heated
by r e3rmpERberacinsidet tpe depret iore chamhery t dj&kemwdges the

appar at us .gvent _precursor reconden iQn.. J The _reactor
21 is%a co%‘%—r &/%?%’L g%ﬁi ﬁ?%ségsrﬁ%fgdgcgr%au?elacq%r SrESE 1:s?l]ffiti@feent to
hol d an 8[ aukhilnai¢rgaktimag also ufditbgdefeadd b i ate (OVDE chambelre!

pl ate-type pl asma configuration nmade of two_el ectrodes 23 and 24. The
upper pl at e 23Asepydingstena preferred amhesisnentd 9 PRGYWPen by a 15

pl asma gen 54 LS pLat e, ract | 38 3 'smesh”
type patte‘rﬁka%%&g | W g{r'lur"ecs: ??g €d ?éea%%gn‘?ﬁéﬁwi%o&g ddkﬂ:.aszarb arseite 26,
where 26 wAicchrsiihg oo hhetheveprefepradesmbodiment aorm REGH,r dnyelrdgenThe
substrate 26 i;s heated tQ a process . . tenperature by an 8" horon
nitrﬂﬁb (BNF—éﬁfgﬁgﬁfage&nﬁPaEth@eEESItlﬂ%agiéTeﬁ? 51ﬂ4§%ﬁﬂﬁﬂﬁgiﬁéaﬁt§8 and
associ at ed gpuReRg b'aQeéu_ch as ﬁgoQ? 59%&9' '.-lE'rﬁa_ fon loA Eerfip | oyed to ensure
proper reactant mxing and uniformty in reactant delivery and fl ow

over the Prefegabdynahydrogen is introduced as the carrier gas and at

least one of argon and xenon is the auxiliary gas. However,
the inert gas may be introduced in admixture with hydrogen,

- 8- where the mixture serves as the carrier gas. It is also -
possible for the inert gas to serve as the carrier gas, and
have hydrogen introduced as the auxiliary gas. Inﬁeaéh of
the above instances, a titanium metal f£ilm is produced.

PPCVD according to the invention can also be used
20 to prepare titanium nitride (TiN) £films. To prepare a TiN
£ilm by PPCVD, a nitrogen-containing gas must be introduced
" into the reactor chamber. Nitrogen (N,), ammonia and
 hydrazine are exemplary nitrogen-containing gases according
to the:invention. When nitrogen (N,) is the nitrogen-

25 contafﬁing gas, it may be introduced as either a carrier or
-auxiiiary'gas, and hydrogen or an inert gas such as argon or
xenon may be_introduced-simditaneously therewith as either a
carrier or auxiliary gas. Preferably, at least one of
nitrogen, hydrogen and an inert gas is a carrier gas.

30 ' : When ammonia or hydrazine is the nitrogen-

containing gas during PPCVD of a TiN £film, then it will be



Evacuation of the deposition reactor is possible 25 t hrough use of a

punpi ng stack 30. The punping stack 30 consi sts of tmn
packagesWOMGHRM8t he first is cryogeni ¢ punp- based, ﬁ%pggcond is
roots bl ower punp- based. The ptgplng stack may be |solated fromthe *
reactor by t he hi gh vacuum gate l've 31. The cryogeni ¢ punp- based

30 package is used to ensure high vacuum base pressure in the

react or, inntteduded riondcs dheoviepdsasddnpabiaberi as campl ayeil fary gas, WO
96/ 12048 - PCT/ US95/ 13243

- 15 - and hydrogen and/om@n dFest GRS APGR BRsSTIDRRCIRMFUMAYy act ual
CVD runs.pe the carrier gas® Nisfaréaenuanugad hﬁcknéy@tgaa Say 21xehd Or
transport and | oadi ng of substrate’into and out of reactor.

Final |y, eosimtrédurednsg shenpuxiddary tesd i.e., hmwr@rmd/gasms
. oy R
i sol ati ong¥al venPbrogen in conb;natzcﬂ"@u&ﬁuh&eléégﬁuéﬁeroﬂ-(htﬂf&ﬁféjl ng to
the invention 10 ~ 1s at |east one titanium containing conpound of the
fornula and hydgazine may be the sole gases present inTihe[depqsigiRerr])
EnC: [Se;;]] |) r&%%%err V\ﬁi‘fﬂlnr? t%he BE negogr@ti.ogn (?f TJ.N, ﬁn whlcﬁ(cl:gsé‘Sm.trogeﬁmere' n
will be the carrier gas. Accordlng to a preferred embodiment
10 to prepare TiN film by PPCVD, hydrogen and nitrogen are
introduced into the reactant chamber simultaneously with the (
source precursor.
Titanium nictride films may also be prepared using
TCVD according to the invention. To prepare a TiN film by
15 TCVD, ammonia and/or hydrazine is introduced to the
deposition chamber as an auxiliary gas, and at least one of
hydrogen, nitrogen or an inert ‘'gas such as argon or xenon
serves as a carrier gas. According to a preferred
embodiment, hydrogen is a carrier gas while ammonia is an
20 auxiliary gas.
Regardless of whether TCVD or PPCVD is used to
prepare the TiN film, and fegardlesé’bf the exact identities
of the nitrogen-containing gas and the carrier and auxiliary
gaseaﬁaxr is important to maintain at least one mole of
25 nitroéen atoms in the reaction chamber for each mole of
titanium in the reaction chamber. 1If insufficient hitrogen
is present in the depcosition chamber, then titanium metal may
be deposited rather than titanium nitride, thereby allowing
the formation of a mixed-phase film, i.e., a film having

30 phases of titanium and phases of titanium nitride. While a

mixed-phase film may be desired for some applications, and



i%teger within the range 0-2. Preferably, the conpound of formula (1)
has n = 0,_i.e., there are no chlorine |igands. Mor e r , the
spurce pré%ﬂ?@&#“&o is titanium 20 tetrai odi de, i.e.,'ﬁé%ﬁ&é*&ghg'

After being charged to the bubbler/subligator 11, .the source
precursor is taken to a tenperature whicCh is high enoughto ensure the
precursor's sublimtion or vaporization, but not too high to cause

premat ur e wetcbapoldgyore Piepardreich ablbanitdre basedcéipmecandor i s heated
to a tenperature of about 90[err]C to t _160[err]C . . . The
carrier ga?ugﬁﬁrﬁﬁeﬁn}iﬁ‘éﬁ%%o%ée%% ec‘?ﬂﬁeﬁ_%’erec’ni ésn%f‘tPeﬁc‘r?ﬁe with
conpounds gtoper 88l 8his) inde bR YVin instdiidd Whedd8S8Spate NYNI H9ER.
hel i um nitrogen, neon, chlorine, 30  bronine, argon, krypton and xenon.
Wi | e hal ogsndesiirgdses.e., a £hlmfhanindre R :dhaodarr rarigaef abouc
non- hal ogenat ed._gases._ar - WO . .

PCT/ U 95/12223 tH88%3n a&equa.e supply oéﬂyf¥¥%gzq_a£8m§ must b%referred

because theyppahadt t6othei depes tfjomatingfiier. Ext@ssaningbyen mayt he
titaniumbased film _The preferred carrier gases are hydrogen,

nitrogen af8hanrgsnfitp seabibity, andehe A¥ffysions baxyigrsprepesciefture
f - ' I S¢ ' j ' .f
poth " S°8&R S1im HHER"HEn ExBedl i GO Yol MehSE-RE" bihafiBEg, O

flow rate dfiffhsioarbaerigaspibvengbeshe source precursor is
controlled by.the mass flqQw controller 13. flogérate of the

/ The
carrit®r gas is about AEEOFELRFt BOaBRGt PUSELYYLd PRDMeLAgdy Eher RORF™@bout
20 scem toiéb%!heﬁ'gtéacg%ﬁo@gﬁl Q¥e of ra@iSefdqidily ¥)Sgalut 0 about 60

sccmis preferred for b TCVD and PPCVD according fo the invention
discharges, having frequencies in the MHz range, although

plasmas with frequencies ranging from kHz to GHz could ke
“employed. See, generally, Bess, D. W. and Graves D. =.,

15 "Plasma-Assisted Chemical Vapor Deposition", Chapter 7 in

- Dy

Hitchman M. L. and Jensen, K. F. eds., Academic Press (1993).
A preferred frequency is about 1 to about 100 MHz, with about
14 MHz being'particularly'preferred. _
20 : Prior to beginning a sequence of deposition runs,
and periodically between depésitions conducted during a
sequence of run, the deposition reactor is baked under a

nitrogen atmosphere to below 0.3 torr and then pumped down to
below'ioﬂ torr for an hcur at 150°C. This process assures
25 cleanliness of the reactor, and is conducted for both TCVD
and PPCVD runs.
' The - substrate 26 is placed into the CVD_reactcr and
‘then preferably exposed to a cleaning’regimé. Pre-deposition
substrate'cleaning'is'preferably accomplished by exposing the

30 substrate in situ te a hydrogen plasma having a plasma power



Under action of the carrier gas, the flow rate of t he vapor of the ‘
source precursor is about 0.001 sccmto 15 about 1,000 sccm _Preferably,

the fl owWQP12848 source precursor vapor into.the CVDPCRARIAY shout
0.1 sccmto about 200 sccm - 20 - The auxiliary gas is at - *
|l east one of hydrogen, ‘ hel ium nitrogen, amoni a, hydrazine, neon,’

chlorine, 20 brom ne, argon, krypton and xenpon. As with the carrier gas,
t he pref densdtyurEl aheyt glststarabowh-hd dyemit edSulmrradteeleaningf t he

auxiliary g which may_be_.a _pute.gas Qr L XL Ure _Qfw, gases, is
preferab%f ?%8&F1§SQS&EnP?8f35§%§-%%Féﬁﬁ“%?%ﬁ?%§ﬁ8 PBEVD'is_rmre preferably
about 100 sccmto abedt 2009RcH66WeirkP the source praklupeoghihes €raveni ence
the gas(es) entering nass flow controller 13 is denoted herein as

the carri¥P ggposakgon chambgs, gble cahanhar Gtmgspherfads evaguadedrol | er 34
IS not rel Stk 1L IS¢ ' y shoul d not
be ¥ %%dsggﬁnggeg%gfggfagg,ﬁgﬁééa%g’{%’i%ﬁogteggr F%?‘kgkgglé‘g\g)épor of 30

t he sour Grefetablyor that préebgurealii tile ciiaiiey, ilshabeakr €001l torrgas -nmay

and typically does undergo reaction in the chanber WD 96/ 12048
PCT/ US95/tP38p9ut 760 torr during the deposition procegs.. More during the

deposi ti . ' g ' t .qe i ncl ude inert
conponen?gfﬁ%%%%%?éhzggsggégﬁgﬁ%¥ea?? Eﬁa’éﬁ%ﬂb?fhgngggplfg%y gas serves
nerel y t degidsitéonhbaseacpressure of adlbmspherie toryi de tbeutdepOsicbron

GGy I SN A1 S T S A RN S
chanber. gsgec. preferably, the process temperature is about 250°C to (
about 500°C, and more preferably about 350°C to about 475°C.
A plasma may be-presént dufing the deposition
process in order to promote reaction,of the source precursor
15 with other gas(es) present in the reactant chamber. The
. plasma has a plasma power density of about 0.1 to about 0.5
W/em®, and preferably has a density of about 0.15 W/cm® to
about 0.3 W/cm’. As described above, Qhen_a titanium nicride
film is desirably deposited by PPCVD onto a substrate, or
_2Q __.. onto a ;oated substrate, the gases nitrogen and hydrogen are
preferably present with the source precursor vapor, in the
- presence of a plasma. When a titanium metal film is
- desirably deposited onto the substrate, or onto a coated
subsq;é;e, by PPCVD, hydrogen gas, optionally with at least
25 one of £fgon.and Xenon are present with the source precﬁrsor,
in the presence of a plasma. _
| The deposition rate—of the films of the invention
 ,is observed to be about 25 to about 2000 angstfoms per minute
(A/min) . A typical deposition rate is about 400 A/min to
30 about 500 A/min. The films of the invention have a thickness

of about 50 angstroms to about 2 microns, and have a



AEcording to a preferred enbodi nent of PPCVD, hydrogen is the

carrier gas and there is no auxiliary gas. Accordi ng_t o _anot her
preferred WOHSA2MBnt for PPCVD, hydrogen 10 i s i ntroducRETPRYHIUIe
deposition chanber sinultaneously with an inert gas such as neon,
argon, krypton or xenon. Prefefaﬁ?yf hydrogen is introduced as the
carrier gas and at | east one of argon and xenon is the auxiliary
gas. Howevpreferred thieknesstofjabomy 900 iAnttcodboetd LE0AdAL xtThe with
hydrogen, 15 where the nmixture serves as the carrier gas. . It is also
possi bl e f FpPﬁét?ﬂ%rFlﬁﬁs??ogg%ﬁ TR R0 & PeeAVgLSE, TARED: ©on the,ye
hydrogen i giregduseds@sSohdls S *%himetds das. I n each of _ t he above -

i nstances, a titaniumnetal filmis produced. PPCVD

according to the i nvVEhei appearande sk aamppsirdon ofotpeepatantiinani um

nitride (Ti fiLos. To prepare a TiN fi,l. mby.PPCVD, . a.

n!tro%en-c%#%SpnFggmﬁagrﬁggfgﬁea??ﬁ? gﬁ? the lnvFﬁ%&th@eF888§0raﬁhanber.

Nitrogen (WXLl aBmeRé@raBfiructural haml aZldtAlcRleprdpedties, will be

ni t rogen-cont ai.ni ng gases accordlnf® to the invention. Wen nitrogen
BRI

(N2) is theescribgénnexps Itcshe br) rpried jthatafhse formasdaseafas eit her
a carrier Qr . LLar ¥ : . Ny _ hner as such as
argon or %ltanl%gngﬁg%§a e#%ﬁ%o&uce’d’h'sgn%%n%&gqugﬁe%g% th as either

a _ Caubstirate dBXbLilatyndes. pblestltddry arl dheadlitemdual being
nitrogen, hydrogen and an inert gas is a carrier gas. _ 30 When
anmori% or 35PAc iBsPRRELRPLaFbYcpure titaniummesadi-ng IgadUWd i ng PPCVD

of a TiN fid@agth i ' e ; : :
PCT/ US9s/ 153955 tRel buldsklabE titanium 13¥%§¥¥J§?§§§zpact to.fPEFrSdUCed

into the ddpgmrt ednTdSdnrheltakaanbeeni tbseyvedisthat a sidnicdny cubgeraard/ or
an inert 9as,USh 35 2090 OLXEN0N IR caaing O 1S ey 3 e HYOTO0EN
titanium metal. - :

15 Titanium and titanium silicide films were prepared
in the deposition reactor shown in FIG. 1, according to the
PPCVD method of the invention. The source precursor was
titanium tetraiodide and it was sublimed at a temperature
within the range of 120°C to 160°C. Films were prepared -

20 during reactions wherein the workiﬁg pressure inside the
deposition reactor was from 200 to 400 mtorr, the carrier gas
was hydrogen with a flow rate of from 10 to 60 sccm, the

_auxiliary gas was argon with a flow rate of 400 to 600 sccm
and ﬁhe substrate temperature was from 300°C to 450°C. The

25 films were deposited cnto a silicon wafer..

The titanium and titanium silicide films thus
produced were metallic, continuous, and silver.colored._ X-
ray diffraction (XRD} analysis of a Ti film grown at 450°C is
shown in FIG. 6 for a 1000 A-thick £ilm on Si. The XRD

30 analysis shows that the film has a hexagonal Ti phase. X-ray

photoelectron spectroscopy (XPS) was performed using a



co-introduced as the auxiliary gas, i.e., hydrogen and/or an 5 I nert gas
may be in adm xture with the anmoni a or hydrazine gas. Nitrogen in
conbi nat W96(k2048 at | east one of anmonia and hydr azi RET/VSY5/1384% he sol e
gases present in the deposition chanmber during the preparation of TiN,
i n which case nitrogen will be 1K cCarrier gas. According to a
preferred enbodi nent 10 to prepare TiN film by PPCVD, hydrogen and

ni trogen Mdrkin-ElmerNPhodtiead EDéOcibricSddeT 1N BB spheRilkhaneously with
t he source precursor. _ Titaniumnitride filnms may al so
be prepard@PassiteF analyzeryDThecsPdfnf b olirR 3thEE &V was sakparesa Ti N

film by ) ' / zioe. s J Ot t he
deposi ti (J)% fc r-agqr%\)ée@r lg?gglﬁhgugﬁﬁi gf‘?%géé %%%%fa"{éegasat%é%?ig%ay’ AlFﬁydr ogen,
ni trogen specura nerie gdtained asingganpass xemewgy of S £ weSaas a carrier
gas._According to a preferred _enbodi ment, hydrogen is a carrier gas
whi 12 amiffolutdonn of20-8 e¥uxi Ri prjmgng. x-ray beam (Mg Ko,R4@Jr éVeéss of

whet her ¢ InS aU o] re N fild and regardl ess
of the eg{as?&gﬁ%geg%o §reqa%f e't“ﬁle'oxlegfogﬂmgc%%%ég;rﬁlgnéh&%e%d t he
carrier gpmessird iwalsy in the gad¥stort rang@podidnihd Gemiltistiverat | east one
nol e of 25 nitrogen atons in-the reaction chanber for each nole of
titani umgSpRdRF USANShanBeRECered nTif $ampket Fhe JFS survey js present

in the depnslddON AT 1 okeRrbl! BALUM WELRIn Whte derecciOnidnaskLed
rather than titaniumnitride, thereby allow ng the formation of a
m xel- phasfe ¥AS,mthe &i, filims| prhduced Bélow $MSEcaitdiineshiledsartiaphases

oo e U Saen, vt FEBAERS SR 205%0cE 1O
PCTFUS95/Wed Eree of oxygen and exhibited significant interactions
with the Si substrate, which requires pure Ti to occur. No
carbon or any other light element contaminants were observed
15 . in the films, regardless of substrate temperature.' As used
herein, light elements refer to elements having atomic number
between 3 and 13, inclusive. The presence of iodine was
detected at levels of about 0.4 to 1.5 atomic percent. Four-
point probe resistivity measurements found that f£ilm
20 resistivities as low as 90 puQcm could be obtained.

The nature of the titanium and titanium silicide
films vis-ad-vis a silicon substrate was next examined. The
adherence of the titanium films to either silicon or silicon
dioxide was observed to be good. Cross-section SEM analysis

25 was cafried out on a Zeiss DSM940 microscope, employing a 20
keV primary electron beam and a bé;ﬁ current of 4 pA. An SEM
micrograph (FIG. 8) of a 1000 A-thick Ti film showed
.confdrmal step coverage of 0.20 pm'vias with aspect ratio of
6. | ’

30 _ ' Titanium nitride films were prepared in the

deposition reactor shown in FIG. 1, according to the TCVD

4
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-"19 - - met hodol ogy to prepare such titaniumbased filns and
substrates haV|n these filnms coated thereon is within the of
this i nvenWOMW 1248 | nst ances where a pure TiN film 3&'(‘?%%%53

filmhaving a Ti:N nolar ratio of about 1:1, then an adequate supply
of ni.trogen atons nust be suppl i ed o the dep05|t|on chanber. Excess
ni trogen nay enhance filmstability, and the diffusion barrier

properti es methodpofy thel dnredeiant h ‘éheesgu:m:e rmwuzmgr &R Iesithere

enhanced I.ffusion_barri.er erties. ordlng to
the prefer e "’g’&&‘b’% tR5§I LR gl ggﬁﬁnmm “e'f’éa%% 196 = 2% t%ugh use of
radi of r equeRML infAFics Q\empeva:u@leschafeeﬁrmhayzmgcfwowam &md Exddye Mz
range, although pl asmas with_frequencies ranging fromkHz to Gz

could be 90°C &@IIAPSSE respecgéwveryl | yFilmgswere RYeRaRPGANRIND, B., 15

" Pl As I
Vepor epod IO Midle s 1ORAE WRERILL) Blees(lAPLAkide the depqd it £
Jensen, K ﬂ%acmts:' wakc e 20Br €8s 3609R8brr, the éaﬁrﬂé:ergasi wasquency i s

about 1 to about 100 Mdz, w_.th about 14 MHz particularly
preferred. BYfrogen with a fpowgrats BégfﬁﬁWnﬁoatgeﬁ%éﬁgﬁ“oft Rftposi ti on

runs, BEEL :Fh‘ihje%$§@a'sy aﬁlﬁb‘ﬁﬁﬁnwﬁ%ﬂo@ E'.I.Eﬂsrﬁeéd&ft@@o Y Kb Bcem

sequence of eposi tion reactor under ni trogen
atnnsphere andtnhansuhstname’uampethenrpumpsdfdomn300°c to 45@xCowTHE torr

f or hou 50 e ThIS rocess .assures 25 cl eanliness of the
react rﬁﬁi@? %éﬁﬁud%ﬁ? or@ygilicon waferepo\D runs.

The- SUbSt rate 26 is pﬂ@@ﬂddﬂl‘ﬁﬂ he tEVde" €38 Mar wabd t%plcaif'fr\n&fﬁﬁ@b' y
exposed to a cleanlng regi me. Pre-deposition trate cleaning is

pref erdbly eerbimpidtshahdgadoologedhe Xoray diaffragrionn(¥RPLU to a
hydr ogen plgéar.?yshﬁ;."ép al%!b?sfrﬁnpgrom at 350°C from Til, is shown in

FIG. 2 for a 1000 A-chick £ilm on:Si. The film showed a
15 polycrystalline TiN phasé with major diffraction peaks.
appearing at 20 = 36.66°(111), 42.59°(200), 61.81°(220), and
74.07°(311). Essentially the same spectra was observed when
TiBr, was the source precursor. X-ray photoelectron
spectroscopy (XPS) measurements were performed using a
20 Perkin-Elmer Physical Electronics Model. 10-360 spherical
capacitor analyzer. The gold f,,;, line at 83.8 eV was taken
as reference line and the analyzer calibrated accordingly.
All spectra were obtained using a pass energy of S eV at a
- resolution of 0.8 eV. A primary x-ray beam (Mg Ka, 127 ev)
25 of 15 keV and:300 W was employed. The analysis chamber
pressure was in the o '
10°*° torr range, and the results were standardized using a
sputtered TiN samplei_.All samples were sputter-cleaned
before data acquisition. The XPS survey spectra (FIG. 3!
30 indicated that, within the detection limits of XPS, a TiN

film prepared from Til, as the source precursoxr was free of
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- 20 - density of about 0.1 to about 1.0 Wcnierr]. Substrate

cl eani ng WO96/120d8 qoscribed is perforned for both TCVD and PERA§95/13243
Prior to introducing the source precurspr_ into the CVD deposition
chanber, the chanber atnosphere is evacuated, 5 and the and reactor is
heat ed to a process tenperature. Preferably, the pressure in the
chanber i@xX¥$fau RWENt@nd similago ldghot eIéfentr comtamitaride. deposition
process. %@%&al r ef er abl the at rmsghere ip the chanber during the
deposi ti oFoHER Y 319 FE16RE -t GPPILBI BB A0t thord .ataRic The
process tpepesmi Urvféﬁlrddt{édi%QDSJﬂ iR £S18SS RbERe AR ~650[err]C
Preferably, the process tenperature is about 250[err]Cto about

| 500[ er r | CAGKRFIFEr iR REH)| soessye ysopetakent usinm A 2 MgerHEC.
A plasm b | e _d I tiLon pocess in order to
prgrrgt e r%%%t [ eear{ﬂ%f g%(%rd;gvltﬁ?‘ecur%g‘gi gample, of h':gjrh"ec?n'ga P35 esent

in the receswits,clydar .in "Efm 4 forphasbBohAstRi @k api@ M@rogriensi ty of
about 0.1 to, about 0.5 err], and preferably has a density of

about 0. 13-4 eGonfigmed ‘-hea f@nQJ-WEthaAst@%s%?mwmaﬁ when. a
Litaniumgididdiorin £110d Wdi AR3ERARLY 186POSALES B, ﬁi%aeomo a

substrate, or on o'a coated Subst e gases e hydr ogen

are Irprmﬁmn:ﬂd] Y ghree N fdilims tcbatamnedegpeet:e& S€tiary P lacdaiid he
umrreta.l filmis desirably

presgnce of a en.a titan
dep;f)gr teop%ﬁ%&t ﬁi‘r{gutﬁ# s yasy §e£"83aYBﬂn eithex Wisky e TiBY¥s PPCVD,
hydrogen s, tKDtdRIRd pridft sy | €ast 25 one of argon and xenon are

present with the source precursor, i'n the presence of a pl asna. :
The deposition rat dosfr-pednt probef rtelse’stmvényime\asuremenes observed to be
about 25 %o abOUtesdzargaﬁ gtrons per, mnute (A min) A typi cal
deposi ti o °h mlﬁtg.glgees aghbey aPR4VHREm wherefi| s of

the inverdpeiidey Suiert KRS ce precltsdROlhs o0; ANIRIE AR 48 ARYPL 2
. mcrons, and have a
15 However, when the source precursor was titanium tetrabromide,
film resistivities as low as 120 pQcm were obtained.

The nature of the titanium nitride film vis-3-vis a
silicon substrate was next examined. Cross-section SEM
analysis were carried out on a Zeiss DSM940 microscope,

20 employing a 20 keV primary electron beam and beam current of
4 pA. The SEM micrograph (FIG. 5) of a 700 A-thick TiN film
prepared from titanium tetraiodide as the source precursor,
showed conformal step coverage of 0.25 pm vias w1tﬁ‘asnech
ratio of 4. The adherence of the titanium nitride to either

25 Silicon or silicon dioxide was found to be good. Essentially
the same results were cbtained when titanium tetrabromide was
the source precﬁrsor. - |

The films prepared according to the inventive
methods are seen to have very high purity, and thﬁs are well

30 suited for use in, for example, microelectronic applications

where purity demands are quite stringent. The films of the:
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- 21 - referred thickness of about 500 A to about 1500 A _The
deposi ti on™MA9H2048 t herefore seen to be quite rapid, on t hePCTUSIARE o
seconds or m nutes. S The ,appear ance. and conposition of the
titanium 5 based filns prepared according to the inventive nmethods, as
wel |l as their structural and electrical properties, wll be descri bed
next. It shovegtiennbawve thabchhandohydrogen cimpurityt ilteangilsmodi iesisde fil s
(TiSi), occyrs anl n_the. substrate_is .sili.con ol_ysi licaon and
the titani &#’la&eia‘%ﬁx’f\{)\qg 248PaSi PEECPRT paTT LT AY lﬁflse%?’ia?‘a %ﬁ’l’ﬁtrrggal . In
such HRET pelRendbahtiaherbi pREELFADIY CTdAF o Haa AbRAE! 1t achrid a

| ayer of TiSi. It has been observed that a silicon substrate can
catal yze t IRencexst.i ofbe) fLdmsi p§ tbet huverpben thaywe giinimal on mgni um netal .

the dchosi (1Aheaeth SRR UEERS b FRRU “thr Chifraepd Bl SRt uiling 1o

of the invesnt iciloriihe.SoThae,PEELMESREcHREing to thd alMwentidn aiiadi de and
it was sublined at a tenperature wi thin the range of 120[err]Cto
160[ err] C. have felpges srasamigasdon ofulesg ’F’%%%t?’-tﬁi-g"- Wfe RS9 ihe wor ki ng

pressure i nsd e ROS kIO a S 40 orr, the
carrier gasﬁ%ﬁﬁgeﬁféfg’gﬁgﬁgkhegsﬁl g%vB{;%}[/\% %{&ﬁeo%g%oééthot 'G%dsgccm t he
auxi | i ary gesrergxedfreyably llesz thaw abbatol d406mio Hrerar.m and the
substréalte tenperature was from 300[err]iC %_lo 450 err]C. . The 25 . filns were
depostfed onto a sil iB¥5n ifaP&xt to their high punphyy §heHR3HERT ¢ ani um

silicide fijdged ¥ms of e@{eoqlﬁ%ﬁt%a)ea?st 8kbh Cro CRAVY NMKNIEra i 150 ver
colored. X- ray diffraction (XRD) analysis of a Ti filmgrown at
450[ err] C isesistivities. The inventive films have a resistivity of
about 40 to aboutr 5,000 microOhm-centimeters (pQecm),
preferabiy about 40 to about 1,000 uQem, and more preferably
15 about 40 to about 150 uQecm. '
' The titanium-based films of the invention may
advantageously be tailored to columnar or non-columnar
structure. The titanium-based films of the invention also
have excelienc adhesive properties when formulated into ULSI
20 circuitry. |
| The inventive titanium nitride f£ilm, whether
pfeparéd by PPCVD or TCVD according to the invention,
typically has a titanium to nitrogeh ratio of about 0.9-
1.1:0.9-1.1, and more preferably have a titanium to nitrogen
25 ratio of about i:1. '
While our invention allows the separate and
:i—.ﬁ'dé'pend'ent production of titanium-based films, and "
.'part':icularly £ilms dom;’jrising méir-xly titanium metal or
titanium nitride, in a preferred embodiment, the inventive
30 method provides fo.'f: in situ sequential CVD in which the

deposition mode of a single precursor is smoothly and



shown in FIG 6 for a 1000 A-thick filmon Si. The XRD 30 anal ysi s shows *
that the filmhas a hexagonal Ti phase. X-ray phot
spect r os¥@¢1204bs) \was perfornmed using a VO 96&%@%’%}1‘%‘3

PCT/ US95/ 13243 - 26 - - 22 -

Per ki n- El mer Physi cal El ectronics Mdel 10-360 spheri cal capaci tor

analyzer. The gold f[(_arrL line at 83.8-eV was taken as reference |ine
and the &eaeysiPlyapwhrahed berweer nfi yand AiN by chasgisgr auwéidasyt ai ned

using a e y at_a__ - : olution of 0.8 eV. A primary
X-ray be%%%%ﬁggﬁﬁgr F?L %gge%t as éa% léi?’kev and- 300 w was enpl oyed. The
anal ysi s chanber Thus, paeastdenygase i the himvidi{tdivel miethod,agpe, and the

results were standardi zed using a sputtered Ti sanple. The XPS survey
spectra ([ASRGLO¥) aFRAFEAREICPNATC Wt HF FRIRESfb (L SR aipnveRoTo fromy  Xps,

thegli fij C 0Qferr g&q% :‘Hi% : 20 atom c
peré%nt §§$ﬁgﬁﬁg%ﬁi?g ??kgﬁ?%sq%?bdﬁég aﬁ%%e 3%?2???%%“ were free of
oxygen arneteaiodiitied vapgei, f inathe i ptesendte 0 argon, hydrogea, Sandubstr at e,
which reqguires pure Ti to_occur. No . carbon_or any_other,light el enment
cont am ngﬁﬁ?“\ﬁe V3hgepvREaTHA P°Y’ﬁrt‘ﬂ%“§‘\"’r¥’r5°,foraé’§é‘r:dl eé'st‘%F“.‘;u'B‘gt rate

tenper at Wiue S sUNGEm®. As EdSdFibdd PrevdlcRERY, S cheber rbaceisaent s having
at om ¢ nunber between 3 and 13, inclusive. The presence of iodine was

det ect ed condigpions acksabouinOriet format vt Ppdridaniun-didlm on a point
P05 [ RARtaR d BReBoEarnBhasta 16 Ehria Ber ang SHE NIRRT T ant um
and titajdgniv Idnaing@d from hkbBR ¥bSammi¥hfad Udd<Othugesiredtigedds next
exam ned. The adherence of the titaniumfilns to either silicon or
silicon reaction conditions, a film of titanium nitride is deposited
on top of the previously laid down titanium £ilm, to provide
a bilayer film of che invention.
15 It should be undersﬁood that the process could be
first on the substridte, followed by deposition of titanium
metal £ilm. Preferably, the titanium film is laid down so as
to contact with the subétrate, which is:preferably a silicon
20 substrate. It should also be understood that more than two
compositionally diversg layers may be deposited on a
substrate, without the need to remove the substrate from the
reaction chamber. _
_ It should also be understcéd that in prepaxring
25 bilayer_films, any method for preparing a titanium mecal film
according to the inventiqn could be followed or preceded by
any method for préparing.a titanium nitride filﬁ according to
the invention. For example, EPCVD with hydrogen ;arrier gas
could be used to deposit a titanium metal £film, followed by'

30 PPCVD “with hydrogen and nitrogen as carrier and/or auxiliary

e



di oxi de was observed to be good. Cross-section SEM anal ysis 25

was
carried out on a Zeiss DSMP40 m croscope, enploying a 20 rimar
el ectron @AM a beam current of 4 Ferr]XP A% SgEM PV g’ﬁ‘ﬁ (FI Gy
8) of a 1000 A-thick Ti filmshowed _ 27 -conformal step coverage of 0.20
[err]mvias with aspect ratio of ' % 30 Titaniumnitride
films were prepared in the deposition reactor shown in FIG 1,
accordi ng gesehe T@\feposit a titamp\ge/mixoeigle film and thereby produce
PCT/U895/132431 S - 23 - met hod of
the invent PoR*1¥¥8%sour ce precursor was either titaniumtetraiodide or
titaniumtetrabrom depeanf Eheu deposSitiddreds oh ditvmpdnmi-basedeitalyeem
120[err]C to 160[errJC and from 90[err]C to 140[err] C respectively.

Fi | 5 wer eagr dpaceibedr Ltagvery corvelients ffertdih RURPARSURORg Ofr 888dr e

inside the d itio N 0 fry o"f%? .Qrr ..zt he carrier
gas was. de%g%%afoggﬁemfPﬂeﬁgiféwﬁ?%?%do§f¥§é§% to qé%@ﬁFrt%é
auxiliary gagayas @#deh8Le Yhéhnecéssityabf tfardfetmin@hecpamrciallyand the

substrate tenperature was from 300[err]C to 450[err]C. The 1 Jilms were
deposi t ed &98sed SHPsEsAtRabeEween reaction cha 1 i (BRUADS BaYeR | ns

were typicall |ol i : ng.i é?g mi il
diffracti p?a&ﬁ%fh?‘de &naﬁaﬁfirsi ggo%églﬂ%fﬁr??? %‘Qgérlg a%l%&lel% r J'Eé':z&éfsr om
Til[err] | xmhadski Bf contamiat2ohoofath€@09ilm} hilticH inay cedSix diwng | m
showed a 15 pol ycrystalline TiN phase gﬁth na | ffraction peaks

appea?r‘.? ng &ramsder] of shesppEriptdy1Foakss 59?1255#;{%1.%"1"{%?’} X *°nd

chambers. Contamination is a particular problem for the
titanium-based films of the invention, because these films
are often very reactive and even slight amounts of
contamination can destroy their usefulness in ULSI devices.

15 ' ‘The titanium-based films of the invention may be
deposited onto a wide range of Sugggfates,-in order to
prepare materials useful . in—refractive, mechanical,
microelectronic and decorative applications; to name a few.
There is really no limitation on the identity of the

20 substrate, however preferably the substrate is stable to the
conditions used to depeosit the f£ilm or coating onto the
substrate. ‘That is, the substrate should be stable to
temperatures of about 200°C to about 650°C, preferably to
about;350°C”to about 500°C, and to pressures of about 0.1

25 torr to about 10 torr, pfeferably about 0.5 torr to about 5
torr. ' _ '

The substrate of.the invention may be metallic,
that is, it may be comprised mainly of a metal.. Exemplary
metals inclﬁde, without limitation, aluminum, beryllium,

30 cadmium, cerium, chromium, cobalt, . copper, gallium, gold,

iron, lead, manganese, molybdenum, nickel, palladium,

TN -



74.07[err]{(311). Essentially the sane spectra was observed when

TiBr[err] was the source precursor. X-ray photoel ectron S ectroscopy
(XPS) ne WO MBS were perforned using a'20 Per ki n- El ne&T

El ectroni cs Mbdel 10-360 spheri cal capacitor analyzer. The gold

flerr] line at 83.8 eV was taken B 235 reference |ine and the anal yzer
cal i brated accordi ngly. Al'l spectra were obtained using a pass energy
of 5 eV awlatinum, *hesbumti:mpdﬁumhEbiiﬁe#\rsﬁahniess-sayeheaateag,K[err],

127 e 25 15 keV and_300 Wwas_enpl oye The anal, i's chanber
pressnze mé§°n§lPﬂe cin, T3BANtYPy %R&ﬁ?EQRQfHPﬁe Fé§GPP§ r 828t andar di zed

using a alloyspﬁhégégﬂ Ti N sanple. Al sanples were sputter-cleaned
_before data acquisition. The XPS survey spectra.(FIG 3) 30 i ndi cat ed
that, within the defBchiercelestronic )dmpliranigns, a prefemrpdepared from

;E#}%gg%l%§E%g§a§8uigelgﬁgﬁaéaoéoV@%Eéééﬁéé)1ntegrate24c%géggélzoﬁgygen’

carbon, ahdssiantbaplékgbbpoyeaphy E£orhedidBMtcled,N trenchegeneiak, i odi ne
concentrations, ranging fromO0.4-1.5 atomc percent, were detected in

the fil s Rur hEPf BFAVide the ReReesIALY | FRANTEISONH dEtweeRemategkahsusing a

2 MeV HE[ ggr b le of silicon. The
RBS %Feka Zous ﬁgaﬁt?ggifaééﬁﬁ€é W%ﬁ%%Qiﬁﬁ% N filmon
silicon eemhcpnédctbe d&Giéendi Tigs sﬁbétiéﬁefwaJﬂ&qﬂemabay formedybgl ds Ti N

fil extremnme | odi ne concentrations. eneral, the Ti N
fil con QFnSEaﬁpiéteFl}héﬂnQQS%}bﬁ?% dipxideye sdddcon ngiﬁéeth9§ was

observed wigRaekbbeionk! ARAN hiLEute S {gdEdos . - was the source precursor. ¢
The substrates of the invention are preferably

intended for ultra-large scale integrated (ULSI) circuiery,
and are patterned with holes, trenches and other features

15 with diameters of less than 1.0 micron, often less than 0.50
microns, and even 0.25 microns or less. Substrates having
such small features are known herein as sub-micron
substrates. Sub-micron substrates which may be coated
according to the inventicn also typically have features with

20 high aspect ratios, from about 3:1 to about-6:1, where the
ratio of a feature’s depth to its diameter, as viewed in
cross-section, is termed the aspect ratio of_the feature. As
used herein, sub-micron substrate have feature diameters of
lesémthan about one micron and the aspect ratio of the

25 featuree is larger than about 3:1. Features having an aspect -
ratio of about 4:1 to about 6:1 are found on typical
substrates for ULSI circuitry.

According~to the chemical vapor deposition

processes of the invention, conformal coatings may be pliaced

30 on sub-micron substrates. Conformal coatings of Ti or Ti/si

may be placed on-sub-micron substrates having feature



Four - poi nt probe resistivity nmeasurenents determ ned that film
resistivities as low as 44 [err]cm where obt ai ned when the source
precursor YFR96/12048,i um tetrai odide. 15 However, when the F&EIUSESERAEursor
was titaniumtetrabrom de, ' filmregistivities as low as 120 [err]cm
wer e obt ai ned. The nature”of the titaniumnitride film
vVis-a-vis a silicon substrate was next exam ned. Cross-section SEM
anal ysi s wefdavareredasusnai aa¥akautDIMPA) miicoons waph, aspect vaplogiag a

20 kev primary el ectron beam and,beam current .of A el A, The SEM
nicrographn?ﬁ¥gf %7 YPORE 700~ A- (TRECTFIN G94R2 0TS °préHa?%d f# ATtitani um
tetrai odi dep@say8e GQYI6E PLLEE SBH  sub-micrdi @UELEARES RBViA§ePagOYREA0E
of 0.25 [err]mvias wth aspect ratio of 4. The adherence of the
titani um ni fARAECEBSeas hamadlh as abhoute dh 3 WiqnarowighoRFREChasatboadaso be

good. cEssentigll t he, sane results were obtained when titanium
tetrabPonidgsagé i abo?ﬁeDS%Urce precur sor. The fil s

prepared according toashesedVeeieire, the temi hpiformalseeaciaghaegexsry
hi gh purity, and thus are well 30 suited for use in, for exanple,

m croel ectr 5Ri @ GpPFie@t FBAS evenly GRERES FurTUbPtFATEN#aVARE guFPEDLex
stringent. E%o&&:&ﬁﬁy?f THE evenness of V&@Q{é&ﬁ‘}_@ san be measured

PCT/ US95/ 132 _ Fiventt on
have car bon famrdekadpbgenexapinihy tkhectisicknessof the Hoatiagoalohg aheni c

ercent, preferabl | ess t han_about_ 10, atqQm c percent. agnd nore
e et § Ry BomsoaSe o1 cne BERGAY W B Biing

the variation in the thickness of that coating. According to
the invention, sub-micron substrates are conformally coated,
when the coating has a thickness, measured at any poinc
normal to the surZface of a wall or flocor of a hole in the
15 surface of the substrate, which is within 25% of the
thickness at any cther point in the hole. According to a
preferred embodiment, the variation in coating thickness is
with 10%, i.e., at no point is the thickness of the coating
either 10% greater or 10% smaller than the average thickness
20 of the coating. The preferred coatings are titanium metai~
and titanium nitride, and the prefefred substrate comprises
at least one of silicon or silicon ‘®xide.
As used herein, the term step coverage referé to
the ratio of the ccating thickness at the bottom of a feature
25 such as a trench cr via, to the thickness of the coating on
the top Surface cf the substrate adjacent to the feature,
where the ratio is multiplied by 100 to provi@elg_percent
value. The processes of the invention provide conformally
coated sub-micron substrates having step coverage of greater
30 than about 25% for features of high aspect ratios, where high

aspect ratios ars considered to be greater than about 3:1.



percent. The filns of the invention have mninmal or no 5 hal ogen

contam nati on, where the hal ogens are iodine, brom ne or chlorine.
Thus, fiWe96H288rding to the invention will have hal BBHSSH3R43Ni nat i on
of | ess than about 15 atomc percent, preferably |ess than about 5
atomc percent, and nor e prefera%?y | ess than about 1 atom c percent.
10 Due in part to their high purity, the titanium based

films of the inverBI®n Srghceueemicyrdyaaphdesi eabl Yilofilms whish Sédd ti es.
The inventive fi|ns have a resistivity of " about 40 to about 5, 000
m cr oOnnPERPTT et L] (B H[Ton SUbs"-ﬁlaé\eér HBLDTabEYR AECREREMH RS 1, 000

[err]cm ¢R8d; APES: 527 erpild Vs Jr'i:gr ng,[b%(&)’lL tﬁgyigfebﬂ%%lép? ageougey' be

The titani umbased fil ns of t e 1I'v van
tai | or edStshews wiree rTINrEide worarrding tosthecilnventidwe i$t ani um based

fil of _theg invention also ave excel | ent adhesi ve properties when
forgﬁl at%‘anf?ﬁ"&afitcﬁ’ &pria with @ Gdipmeter of 0.25 micremand\afile

titani umagpéét deadid m wtﬂ%rograph IQJneIEﬁl‘eeQz?Mt PREN® 9{ad &P PREOT ding to

t he i nventi on, typically has a titaniumTo nitrogen rati about
0. 9- 5 shows (a grery | think rnma:lmgefcér ahNydlaaoen.aedmmwsmindrt ogen 25
Qur invention_al| ows the separate

Lo O O s@B8tbade maving tho same feaurer AHepaiune o8 asbishpa 1

parti cul enéymi¢i-<s§rac;stﬁrmn SHY PIRIHY Shand @LdeMoREESE, 0, and id id4a{i um
n|tr|de in a preferred enbodi nent, the inventive 30 met hod provides for

i n18i t u BR(TRSR | BRAT\EYe™ afifiesh amhextendedidsporit AN nbiee of TR ngl e

ggfﬂggg?iséﬁgm@t& Yo% nvention pro\()@.d%g 4°%38tormal coating with |

high stgp coverage. The films were prepared from titanium
tetraiodide as the source precursor, and ammonia as the
auxiliary gas. ,

15 : FIG. 8 shows a micrograph of a Ti film which'was
deposited onto a sub-micron substrate having a via diameter
of 0.2 microns and a 6:1 aspect ratio. .The deposition was
accomplished by PPCVD according to the inventioﬁ, with
titanigm tetraiodide as the source precursor and hydrogen as

. .2Q.- the carrier gas and an argon plasma. The coating is seen to
be conformal.

We have discovered that selected perhalogenated
titanium compounds, in combination with argon, can be
convértgdfby"means of mixed hydrogen-argon plasma in a CVD
25 system, into high quality titanium films. Similarly, under

thermal conditions, titanium nitride can be produced from
reacting the same tetrahalotitanium compounds with ammonia,
in the presence of a carrier gas. Exemplary reactions
according to the invention can be summarized by the fbllowing
30 equations, wherein TilI4 is an exemplary tetrahalotitanium |

compound.



-726 - - reversibly switched between Ti and Ti N by chahgi ng auxiliary

gases that can also act as carriers. _ Thus, according to the
inventive MQ¥H3048 he reactor according to FIG 1 is cK&f 3
contain vapor from5 a conpound of foyyrula (1), and preferably titanium
tetrai odi de vapor, in the presence of argon, hydrogen, and a pl asma
having a pl asma power density of about 0.1 Wcnferr] to about 0.5
Wcnierr]. As described previously, these reaction conditions result

in the for ion of a tifaniymfilmon a 10 bstrate. . _Then | asnma
W' t"")&ri-"g?ry_ """""" 2had +E{?r§“r?133€§§ﬁr‘%£gtp

is turned off and the -au gas | s changed 0 ammoni a.
Under t heserrc¥wi sed Tily REWLCH+ B Cofh-t+o1rSy; TiNi4 HIofmafjpt dypreduet) ri de

is depositeg, ~~ on top of the previously |ai own.titaniumfilm to
provi de A bil ayetr“ﬁ R N R %%g Mgt ““"“nl’?’?”g%%ﬂl d be
undersgood that the process could be reversed,” i.e., the titanium
nitride filmcould be |aid down first on the substrate, foll owed by

deposition of titani (A CONTTags Fo BYiMr aPFeFBRRBFFL YHROY | FRPPIHF¥IN m-i s

| ai d down sg ._.ggitn{ - 'i;:pr. yYhskr akey: uhi LS; Py, ef bly a
silicon 20 ee%%%ss't r%‘%%?L I 't?hcéc?u\lg alltsd%%bg‘gﬁlgerggt Béﬁﬁ%ﬁg?u?r‘b?\‘é't aé;: t wo
conposi ti ontd| yheli veais eoxt ageemsl evsy dissedheeo oift edrbonaand chlsubsér at e,

w t hout the need to renove the substrate fromthe reacti on chanber.

't shoul d aFSRCHBIARARSL ook (FRRCTAF DS ARUGGFENT CBFRATEHER] | FHE any
et hogof of PGEAEISY Brdy gl WBAWLRs 'dd BubstrardsCendtasibosbbemgyention

could be followed or preceded by any nethod for preparing a titanium
nitride fil frbritcation.to the invention. For exanple, PPCVD wth

Pydrogen LT 925 kit SRR A S LERGRL b b B B

auxiliary the following explanation for the efficacy of our processes.
In our method, we have selected inorganic titanium cempounds

15 in which the dissociation energy of primary bonds is
relatively low, and thus we believe recombination can be
interrupted by nitrogen radicals formed by interaction of
diatomic nitrogen with a'hydrogen plasma flow or by hydrogen
radicals. The following Table 1, which shows properties of
.20 seleciéd titanium halides, indicates that the bond energies

of Ti-I and Ti-Br are much lower than that of Ti-Cl, as

z indicated by f.heir lower heat of formation.
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- 27 - 6Hases, to deposit a titaniumnitride filmand thereby produce
a bi | ayerW096/12048 The in situ deposition of a titdfGEHH§NSH324
bi | ayer as described is very coquﬁignt for the preparation of ULSI 5
devices. The inventive nethod all ows e formation of a bi | ayer

W t hout the necessity of transferring the partially '~ coated substrate
bet ween reacTT3ﬁ-EﬁE%ﬁE?ET'ﬂ?ﬁ'TTﬁ??EI?gE% Tam e EUE STy
reaction chgobher _greatlv ninimzes he risk of contam nation of the
film whichjmay oc¢ur durip 0 trangfer ofnthe par tli,aly ted
substrate bdtween feaction -gs.%"mﬁﬁﬁ%eré.'{aéon?é I nat i qr@lséééﬁ%%r i cul ar
problem for fthe | Form t apgugpbésed fi| Ap of | tRe i nventWwaighthecalgerihdgse
films are of{en very| geaem¥geand| even slight amjunts of
cont am nati q.n._g.a.n_j.e_g_;_r_gy_,_h,e_i_r_us_e?nl pnbse inl LI SI: devilces 15

The titani ufhiFaed | Siollis of -Bhe i nventi ppsany| feblimes |deOTd ed ppgoga
wi de range @f subsirates, |n order to prepare matlerial s useful in
refractive, fmecianfcat— fH-ef-eeteetert-erand—desorat-iwe—appllcatials,
to nane a f4wiClsa | ligndde| r39Real Iy no| FR#i thl36n on tHeB9.dantit 26t 2t He
20 substfate, hpwever pfeferably the|l substyate is stlable to thg
condi ti ons TO|UERORI L[ L e T oTr—foatT oIt oty St

That is, thisrﬂs%ﬁét 5?31§h0.1ra45e stabl | t3% [233tenpen&9fh-&4 of pbBuP
200[err]C tq_about {650[err]C, preferably to about| 350[err] g to abdqut
500[err]C, ;quyo DIRISWr €p .0 about 0.11§§tot%59rr 10 [qh, T T

D

preferably bouf 0}5 torr fo about 5 _
substrate oflthe ihventionl may be petallic, thatl is, it ma
conprised mainly of a netal.. Exenplary metal s 1 nclude, wthout

limtation, alum nuNe beljyéveuthat 30undex arhd Wonditiond) oghpoakMas cobal t,

copper, gallium .go|d, . iron, |ead, nmanganese, nol ybdenum ni ckel
paPPadiU%Promotedgchem;cal3vapor deposition, é%tanium tet%aiodide

THeS
be

dissociates in a first step to titanium triiodide and other
5 lower coordinate species, and that the reassociation of
titanium with iodine is interrupted by the presence of plasma
nitrogen, leading to the formation of titanium nitride. This -
is in significant contrast to the reaction of titanium |
chloride with ammonia in which higher coordinate species must
10 be involved in both transport and decomposition. Sée. e.g.,
R.T. Cowdell and G.P.A. Fowles, J.C.S. p. 2522, (1960). |
In the case of tizanium metal deposition, we
believe that the deposition involves the formation of a
titantum hydride intermediate from the titanium tetraiodide,
15 and that the intermediéte dissociates to form titanium by
eliminating either hydrogen or hydrogen iodide.
The following examples -are set forth as a means of
illustracing the present invention and are not to be

construed as a limitation thereon.
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- 28 - . pl ati num rhenium rhodium silver, stainlesslﬁh%&k likgel,
stronti umWe@Pe1204§ t ani um tungsten, zinc, zirconium and alroys

ther eof . In.mcroel ectrggic applications, a preferred 5
substrate is intended to beconme an integrated circuit, and has a
conpl ex topography fornmed of holes, trenches, vias, etc., to provide
t he necessary connections between neESAMBLE- 1l .- of various electrical

conductivities that for . eV The.substrate is

pref erabl y3 Q. iy e I - 4§P@é§®8ioxide, silicon

nitride, or - dogﬁgrﬁgiﬁgogébﬁg e g *éﬁfééitVHﬁaﬁ-deposicion (Tcvp) The
r y

substrates of the invention prefera i'ntended for ultra-large
scal e i nt eguaat edritie8 puci witht thie reactomnshewn mtRI&G ndd WSERINGREs,

renches g et LSRLESoRe e WAL CLaPe! i Ol ddittatyfe o o0

seni ¢

=37

crons or S.
Substrat es g\ NOprecurs&¥Cho Siks |pi£addir£6 e HubdlRriieublimasosubm cron
substrates. Sub-nicron substrates which nmay be coated according to

t he i nvent iz Alls wvaisy pieasledy biyase comhinationi of Deating it @PH AR R at i os,
fromabout 3:1 to about-6:1,  where_the oAkl Q. re égggth to
its di anet &S5 ARNEFVET supp?yc?‘dé:sgge%ﬂ)oé, &{f‘{s)u?%r%ze% e "’Q’sf%ect ‘ratio
of the featdimhss\Flow contiedller edn, waibhntanobe sidslardd frome dheat ure

di aneters of | ess than about one micron and the aspegt ratiq of the
25 19 eat pukbler by Fehighn yasysmy valve 1FeaF8PE§°:hJa9$ n% élrf”és‘béec?to

781 o e fn Sidi b Ul 5 b3S Rch bttiongn SRS an [0
processes OhubiblEed NVerid aixmny @frecmatsorgyapay 8adphydrog®d carmier
sub-meron sggsiéénéﬁgn é%ggégggﬁeéxﬁﬁﬁéﬂgi %Legkhggughli%, high vacuum
isolation valves 18 and 12, and delivery line 20 into the CVD
15  reactor 21. All transport and delivery lines and high'vacuum
isolation valves 17; 18, 19 and 20 were maintained at 120°C,
uéing a combination heating tape and associated power -supply
22, to prevent precursor'recondensation.
' "The reactor 21 was a cold-wall, stainless-steel CVD
20 reactor of size sufficient to hold an 8” wafer. It was
equipped with a diode-type parallel plate-type plasma
configuration made of two electrodes 23 and 24. The upper
plate 23 served as the active ‘electrode and was driven by the
radio frequency (13.56 MHz) power supply 25. It was
25 constructed in a “mesh” type pattern to allow unrestricted
reactant flow to the substrate 26.
The substrate (wafer) 26 was placed on the lower,
grounded plasma electrode 24, and was heated to 425°C by an
8” boron nitride (Bﬁs-encapsulated graphite heater 27. A
30 hydrogen plasma was used for in-situ pre-deposition substrate

cleaning at a plasma power density of 0.25 W/em’, while no



may be placed on sub-m cron substrates having feature WO 96/ 12048
PCT/ US95/ 13243 - 29 - di aneters as
smal | asveBHI2M$ 25 nicron with aspect ratios as | arRfel MUt 6: 1.
Conformal coatings of TiNor TiNTi _ 5, _bilayer may be placed on :
sub-m cron substrates having feature di aneters as small as about 0.25
mcron with aspect ratios as 5 | arge as about 4: 1. As
used herelasma Héag amplayeddwiingactnglr depesition. t dThe catmvwery t hat

evenly c S strate having a.conpl.ex t opogr aphy._The evenness of
t he coat ?%%& c%t% %ﬁjeé)rféesasgouﬁle% v E mp-lngfng}n«?)?aﬁﬁl as g&%ﬁ’ n %gF i%e % hi ckness
of the cweteé ngmpleres tde sibureddopedndedethat Alxond0ded i unifwilist r at e,
and determ ni ng the variation in the thickness of that coating.

Accor di njRt¥eactant (dal juazandnsh £ law ovesr shesBhsvaters are conformal |y

coated, whe coat t hi ' ed at. any point
nor!r-,ml to the sur%%%epop&zld\ﬁg%é;%} ?Ioo?rcagggggﬁoﬁga?#h&t e REE T surface of
"t he subspackages\hitdie | &izdd hiory¥ioénilc phmp-based! hand nElse $dcaiyy, ot her
“point in the hoJe. According to a preferred enbodi nent, the variation
i n coatihg°tHhi pump-basedq,; (Jhe ppping stackvagolsRlated Herami ckness
of the c i i M i YN RRYE | er q:_:EE!% Ver age
t hi cknesgﬁgofga% ozg hbel’ect%)ﬂ(;lé't‘aihn:"éel O‘%e prgfagrrer Je’g&/ggg?#hgs?%ér.'e' {ienr?lu% nmet al
and tit apanprbased denckagk tWes psEidetceénsulret hagk cacpunm Sesse at | east
ong of silicon or, silicon oxide. . . - As used h‘%rei n, the term.
st &8P coRFSEEUTR1iF Lhe) reactox whils ithe,ropks -E?Jﬁ'f’?ﬁ@b??ﬁ IPREEIR the
bottom ofad émgievéd 2oor appidbriacd Ha9dAng! o¥i @hetﬂiﬁﬂi"n?%ié“ ckness of the

coating on - the top surface of the subStrate adjace to the feature,
throughput during actual CVD runs. A high vacuum load lock .

-

system 32 was used for transport and loading of 8” wafers

into the reactor. Finally, a side line 33 was employed to
"15 feed the ammonia (NH,) gas into the reactor. The NH, flow

was 425 liters/minuce and was controlled by the mass flow

controller 34 and associated isolation valve 35. Processing

pressure was 0.2 torr. _

The resulting TiN film was metallic, continuous and
20 gold-colored, and had properties typical of TiN films

according to the invention, as previously described.

EXAMPLE 2 : : -

Brepaxation of TiN films by TCVD using TiBx4/H2/NH>
25 o | The process as described in Example 1 was

essentially repeated, but t:l'ie source precursor was changed to
titanium tetrabromide (TiBr,) instead of TiI,. The runs were
performed under processing conditions similar to those listed
above for Til,, except the temperature of the

30 bubbler/sublimat;qr 11 was heated in this case to 100°C during

the CVD process. . All transport and delivery lines and high.



where the ratio is multiplied by 100 to provide a percent val ue. The

processes of the invention provide conformally coated sub-m cron
substrat eV st ep coverage of greater 30 t han aboutPCIHERIP/AI243
features of high aspect ratios, where tl]’isgh aspect ratios are
considered to be greater than about 3 E° - . WD 96/ 12048

PCT/ US95/ 13243 - 30 -

FIG 5 shomuuncmsgﬂaphoﬁf valwesi N7{i Lap Miaﬁﬂm evere maickrpdsiededcont o
sub-ni cron substrates usi ng TCVD accordi ng the .invention. _ The
mi‘cr ogr apt? GEMRFEFACIEE. REnGO0SCeUSENE &, © mblnat%’%mlﬂgattaé’eﬂaﬁdfl | m

accordi ng 4&&&3%1:@%%%0“ sudply 22, CEBfﬁf%%eop@eéﬂzasd’f th a diameter of

0.25 mcron aspect rati m crograph on the
ri ght - handresiciaienfsafEliGn . 5 shows a very thi ck coating of TiN

" deposjted onto a sil coq, : subst.rat t hf featu

di men3i ons as depi ct'II i £ilms; R€°9P8F§gg 8%?1 ﬁfﬁ%hf"ehﬁnaggﬁ'ﬂe of
FIG 5, angedd1iGan Jéanuﬂ%u%eeanahgblaveala{-éer ah£2pfaulad, depasi tion
time, TCVD according to the invention provides a confornal coating

Wwith diffixpetsitcap (d@mr,agera?h@hbr:bsiemrenpasmmsmmm ¥Bsni um -
tetrai od| s the recursor nia_ a uxiliary
gas. Wnde 485 sﬁ (Rﬁggrogngﬁﬁp%*n% ﬁ#eo??'l rﬁrbﬁl G fs
deposi t ed SEd 0L shaAU BEN C«GS‘-SEM)S'[ rmagcauanahatvmeﬂr agtheftural,

10 chemical, and electrical properties are equivalent to those
produced by TCVD of TiI, as in Example 1, except for film

resistivity, which was 140 pQcm in this case.

"EXAMPLE 3 :
"15 '~ Preparation of Ti film by PPCVD using Tils4/Ha/Ar

The CVD reactor shown in FIG. 1 was emploved for
' the deposition of Ti by PPCVD. The tetraiodotitanium (TiI,)
precuraor 10 was placed in the bubbler/sublimator 11 which
was heated by a combination heating tape and associated power
20 supply 12 to 140°C during actual processing. A mass flow
controller 13, which can be isolated-from the bubbler by a
high vacuum valve 14, controlled a flow of 28 scem hydrogen
carrier gas 15 through feedthrough 16 into the bubbler. The
mixture of precursor vapor and hydrogen carrier gas was then
25 ‘transported through feedthrough 17, high vacuum isolation
valves 18 and 19, and delivery line 20 into the CVD reactor
21. all transport and dellvery lines and high vacuum
isolation valves 17, 18, 19, and 20 were maintained at
temperatures in the range 120° to 160°C using a combination
30 heating tape and associated power supply 22, to'prevent

precursor recondensation. The reactor 21 was equipped with a



of 0.2 mcrons and a 6:1 aspect ratio. The deposition was

acconpl i shed by PPCVD according to the invention, with titani um
tetrai odi WO WH2048e source precursor and hydrogen as 20 t hePCHUSI¥I24%as and
an argon plasma. The coating is seen to be conf ornal

We have di scovered that sel ected perhalébenated titani um conpounds,
I n conbination with argon, can be converted by neans of m xed

hydr ogen- ad;pﬂe1ﬂyp§npdnahaemvalaﬁe typ¥ Sprasma ndeniiggiramiain imadel b&ni um
films. Simlarl ermal conditions, titaniumpnitride can be

., under
pr oduced ftr“tﬂnele)étmqeéa@@l g Hé sakBet BPPSH BIATY £1 FRTSHEndESwi t h
amoni a, actlve'élééﬁ%d@%e%ﬁﬁp@agfd?l@@ﬁrbfrtﬁ@sraéégﬂﬁﬁéﬂﬂéda%aQHbo@%

according to the invention can be sunmarized by the f oW n
equat i ons ,MH#lerpmiwerTisubply &5 .exenpl ary tetrahal otitani um conmpound.
MD 96 12048 ¢ 95/ 13243

- PPOVD: This fiasgs, plasmarBFeoted ov(BEVR ey, s

(najor by persiieiiedd for tHeP@¥dwth ofTTk[Eﬁih fifﬁ@rr]Aébéﬂdiﬂgl S A >
TiN + H (rra or byproduct) I[err] + NH[err] Herr]

__________ rrigden: pNR{sma Was( mg]edr fbgrpp.gdgccy 5re deposition substmate

contrast tgl rﬂ:&rg %.rtt aCh%.rQs(t:n%l p\{)a v dengogltl Mabout 0.25 W/cm®, while

an argon plasma was employed during actual deposition at a
10 plasma power density of about 0.25 W/cm’. The side line 33
was employed to feed the argon (Ar) gas into the reactor.
The argon flow of 500 liters/minute was controlled by the
mass flow controller 34 and associated isolation valve 35.
The substrate (wafer) 26 was placed on the lower, grounded
15 plasma electrode 24, and was heated.to 450°C by an 8" boroﬂ’
nitride (BN)-encapsulated graphite heater 27.
The titanium metal film thus produced was metallic,
continuous silver-colored and had physical and electricél

properties identical to those previously described for

20 typical titanium metal films made according to the invention.
EXRAMPLE 4~ ) |
In-situ Sequential Preparation of Ti/TiN bilayers by
ERCYD using Tilq/H2/Ar followed by TCVD using Tilq/H2/NH3
25 o

The CVD reactor shown in FIG. 1 was employed for
the in-situ sequential deposition of a Ti/TiN bilayexr from
Til,. The Ti layer was first grown by the PPCVD described in
Example 3. Then the plasma was turned off and the auxiliary
30 gas changed from argon to ammonia to form a TiN layex

essentially as described in Example 1. A TiN layer was thus



met hods, our invention provides films of higher purity, due to the

near or conpl ete absence of carbon and chlorine contam nation. In
contrast WH2P48ri ng techni ques, our 10 i nvention pr oA ngs on
substrates suitable for ULSI fabrication. Whi | e not
w shing to be bound by theory, we of fér37 - the ‘foll ow ng expl anation for
the efficacy of our processes. In our nethod, we have sel ected

i norgani c groani om coppofincise TH laydr odifidrnt e ldminacieabidayaper gyhef

pri mary bonds ia . ..relatively low, and thus we believe recaonmbination
can be Ti ap tE%NuB%EBSBVGFEt?%&kyF?Quﬁ%xﬂ%ﬁqﬁ$9%9deﬂylFﬁFePEQtﬁQHan

adi cal 5. TReoTarToui HYEIoEf AP AT e properti es of 20 sel ected
titani um halides, intdtcalkl beaappiec ot dnerdicese ;killedoﬁnTthb apd Ti-Br
are, mich | gHet LBanoLlat ol s Tho Shaaco tne ensiliiitd BULISLLS' Qe heat
?gg{gsi5/13§4§OUt“depafting from the broad inventivé‘ég%CEpt thereoff

It is understood, therefore, that this invention is not

limited to the particular embodiments disclosed, but it is

intendéd to cover modifications within the spirit and scope

10  of the present invention as defined by the appended claims.



[err]formation mp. b.p. Mol ecul ar . For m [err]
298[err]C [err]C . [err]C ' Wei ght % Ti

speC| es,

WO96/12048  TiF[err] solid -394 - 284 PUFBIYIRS

“ke&LL@J\ﬁg err] liquid -1925 _ S S m 8971
LTI i e LS ey

123. 89

i eve t h@LAIMSder the conditions of pr‘sna-

d ch I d
PL"S"? st step 1o 11t AhHRRH (2 a5 eandcicher vabSE henisiof AL ©°

20dak Déth - bded OSSO Gritld AN sifbstrate, tbmphising ifcreiliding S

|nterrupted by the presence of plasnma " nitrogen, leading to the
f or mat i ontof at depesition tehamberTHine F°110W1§9|ﬁ°§P@H?$F§ant contrast to the

reacgion of titanium rgégg \@ th amoni a fn which higher

coordi nate speci es nust (.'&)

ol ved i n bot h transport and

deconposition. - See. e. g(b) vapor di b cGmpdtind hadifigPthe forhela (IXC. S. p.
2522, (1960). In the case of titaniumpetal deposition, we

bel i eve that the deposition iTivolwes) (B8 Glatition of (&)

titani um

hydri de |Qﬁg£g§g ft s f60£1££§!ﬁ|1 rBLgntetralodlde 15 and that the

i nt er redi a

10

is

20

25

30

SsOctates to Torm |tan|un1by
(c) a first gas selected from the group

consisting of ammonia. and hydrazine; and
(d) a second gas selected from the group

consisting of hydrogen, nitrogen, argon and Xxenon; and

maintaining said chamber containing said components -

at a temperature of about 200°C to about 650°C for a time
sufficient to deposit a titanium-based film onto the
substrate.
2. A method according to claim 1 wherein the
chamber is maintained at about 350°C to about 475°C. -
3. A method according to claim 1 wherein the

compound of formulé (I) is titanium tetraiodide. -

4. A method according to claim 1 wherein the molar
ratio of nitrogen atoms in component (c) to titanium acoms in

component (a) is at least 1:1.

S. A metHdd according to claim 1 wherein the
substrate is a silicon or silicon dioxide wafer useful in the

manufacture of a ULSI device.
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elimnating either
follow n exa es-

n o drogen i odi de. The
a means of I T ustratd
qu,‘[qi/ construed as a C%h#%ll%%e

{)resent [

her eon. WO 96/ 12048 . - - THIS SHEE N
PCT/ US95/ 13243 *? - 33 - | R R e
of TiNfilms by TCVD using Til[err]/H errL/NH[err

Thermal |y pronot ed -cheni’ &ethasbrfozesdsi chemicabvrgpor deRpesitesit ixfd dut

vvithther ctor 0 FIG .. USi | rr t
source pre %%Jl’u"?}l’ﬁ? |tar§|"‘g|’ehlm[:g %?mg Jésrlftﬁ pli"g%%rlis%q{dio was
placed in tfea tu&;k&ﬁdf&bldr{mr the followifgdcddpotenteated by a

conbi nati on of heating tape and an associ at ed power supply 12, to
140[ err] C during the CVD )oc?e@bStraterA mass flow control ler 13, which

can bg isolated fromthe (g.,o va?ccm%ﬁil g oge uhhgﬁaW‘ﬁg gi%aé% Sndta (1)

controlled a flow of 20 carrier oug

feedt hrough 16 into the —mnm;;m (Bhe (@lxiure of pIEeCur sor vapor and
hydr ogen carri er as was then transported through feedthrough 17,
hi gh vacuuiperein rl‘s’cﬁFa 192V S B %n@9, and delivery line 20 i nto the

oo abon vafecs 1o, Y WEPHHAIL AR 8 IRtk sy i

consisting of hydrogen; hydrogen and at least one of

10 ° nitrogen, ammonia, argon and xenon; nitrogen and at least one
of ammonia, argon and xenoﬁ;-ammonia and at least one of
argon and xenon; and
maintaining said chamber containing said components atc a
temperature of about 200°C to about 650°C, where said chamber

15  contains a plasma having a plasma power density of about 0.1

to about 0.5 W/ecm?, for a time sufficient to deposit a

titanium-based film onto the substrate. =~

7. A method according to claim 6 wherein the

20 temperature is about 350°C to about 475°C. ~

8. A method according to claim 6 wherein the-

compound of formula (I} is titanium tetraiodide.

25 9. A method according to claim 6 wherein the gas

component (c) is hydrogen.

10. A method according to claim 6 wherein cthe gas
component {(c¢) is hydrogen and nitrogen.
30

-

et Has Been Reflaced

T



using a conbi nati on heating tape and associ ated power-suppl 22, to

g g p p pply

prevent precursor The reactor 21 was a

col d- wal WO 9512048| eJmﬂmmslnufummm reactor of size_suf PCEUSHIIMS hol d an

8" wafer. It was ¢ edui ppetl with & di ode- type pamald SHEDPT HAS-BEENE
pl asma configuration nade of twdt%lect rodes 23|and Eﬁgp[ﬁngnupper
pl ate 23 served as the active electrode and was dri vér—-by—the radi 0

frequency (13.56 Miz). pawmethwdpbycdbdihg mmsclé&h 6 whenstinuchedgas a
"mesh"” type pattern to allow unrestricted qgtant flowto the
subst r at eeggponent  (c) is hYdr°9?Hea§9b§Fr%T%§Yv@ﬂ ced on the

| ower, xenon. 9rounded plasma el ectrode 24, .and mas heated to 425[err] C by
an 8"Iboron nitride (BN)-encapsul ated graphite heater 27. A 30
hydrogen plasma was used for in-situ pre-deposition substrate

S\L)egg} Egozg a pl asma powerme:%nm t\écordm§5t<\>Ngﬂ er Fé&% n

- 34 - substiEAS M PSR ¢ duliBenagisrladanoed |L£B”éfulﬂ1(?x hever
head 28 and associ ated punping lines 29 as shown in Fig. 1 wer e

enpl oyed nanwfagruregrafpdilslegeviFesni xi ng and unifornmity i n reactant
delivery and flow over the 8[err] wafer. 5 The punpi ng stack
- 30 consisted of two punping packages: the first, cryogenic

punp- based, and thesec@Ghethod forOdepoblioify mulpipbs ckhyelde qunpi ng

stack was |solated from the reactor by the high vacuum gate valve 31.
Thel@ryogehFanium-based film onto a substrate while the substrate
remains fixed in a single deposition reactor, comprising the {
steps of introducing the éomponents of a substrate and source
precursor into a CVD chamber, where the source precursor is
vapor of at 1eas;.one compound of formula (I)
15 | Ti(I,.p-n) (BZa) (Cly) (I)

wherein m is 0-4 and n is 0-2; and sequentially depositing.

onto the substrate alternating layers of titanium metal film

and titanium nitride film, where either the titanium metal

film or the titanium nitride £ilm may be deposited first onto

20 the substrate.

14. The method according to claim 13 wherein a
titanium metal film is deposited onto a substrate to provide
a coated substrate, and a titanium nitride film is deposited

25 onto the coated substrate.

15. The method according to claim 13 wherein
hydrogen gas is present in the deposition reactor with said
vapor and said substfate, and said chamber containing said

30 hydrogen gas, vapor and substrate is maintained at a

temperature of about 200°C to about 650°C, where said chamber

_—
This Sheet Has B

I ™



punp- based package aﬂa ﬂmﬂﬁi high vacuum base 10 pressure in
t he react sed package was
approprlasgoﬁghgﬁfng 0 t hr oughput during acgﬁggu%ND
runs. A high vacuum | oad | ock syshem. 32 was used foTHnSrs}mqqu BEEN
| oadi ng of 8" wafers = into the reactor. Finally, a S|de pEpgmgﬁ)mas
enployed to 15 . feed the amoni a (NH3§ gas into the.r A=
flow CRRE3ADS R PLASTA RAY AR o REGE QGHS}Wh@fnﬁEQUFI Bt
control | er 34288 659N ARY Iffl & ikdfheV alites deny PO CEESI I pressure
was 0.2 torr. eresultlng TIN filmwas rreta?llc

cont i nuoustaran2om megal df tlth oomelh el sehbgmamesrties typical of Ti N fllns
according to the invention, as previously described.

EXAMPLE 2 -- Preparation of TiN films by TCVD
u5|ngsTlBr[err]/H[erik/NF&Rérﬁetﬁga according to BlQiRf 9sewhedsifdegnribed in
Exanpl e 1 was essentially repeated, but the source precursor was

changed toinert gasj sghegredefransohe derqup Bquaigoinghofeadgon FnM[ err|-

The runs under roces Qn |t| ns.simlar to those
ered "efion 1o a8 LOLHES YIBFLo RO PEE MY d %138\ he 30

bubbl er/ suldepegtitiohloBash8coicinitimt MeGal aBELml .0 100[ err] C during t he
CVD process. All transport and delivery lines and high. WO

96/ 12048 PCT/ US95/ 13243
- 3519 17. The method acdording to claim 13 wherein a gas

selected from the group consisting of

(a) hydrogen and at least one of nitrogen,
ammonia or hydrazine;

(b) nitrogen and at least one of ammonia,

15 argon or xenon; and .

(c¢) ammonia and at least one of argon and
xenon; is present in said deposition chamber with said
substrate and said vapor; and said chamber containing said
gas, vapor and substrate is maintained at a tempefature of

. —-20--- about 200°C to about 650°C, where said chamber contains a
plasma having a plasma power density of about 0.1 to about
- 0.5 W/ cm®, fér a time sufficient to deposit a titanium

nitride f£film onto the substrate.

25 18. The method according to claim 17 wherein the
chamber is maintained at about 350°C to about 475°C.
'19. The method according to claim 17 wherein the
gas is hydrogen and nitrogen.
30 |
___~_________~___‘_‘—-
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vacuum i sol ati on val ves 17, nd 20 were nmaintained at a

t enperature of 90C, U ﬁ maﬂiion heating tape and ssoci at ed
power sup‘BP)"’Z@,“to”w“ Mﬂ@ m Bor recondens icr‘..P(Ermg’Sfigm
The Ti*N films produced by TCVD of Ti Br4,vere again THISESHEET iHAS BEE
ccontinuous, and gold col ored. Anal yses %y X-ray di f fRERIACED (X&b
x-ray photoel ectron spectroscopy (XPS), Rut her f ord bactkscatier-hg
(RBS), four-point pRBbe, Thadmethed -accordigwr tticordlaiBENR( @BeSEMR, thadi cat ed
that their, structural, 10 em cal.. and el ectri.cal. operties are

equi val enfSPEethagH chamber, aiprecHRt LEoniAins a FirsE 8RR BSlapred
except forErbinl Bhe groupl 86h§isvidy, ofiniMbrias akdl hydiraleAei; Nahli & case.

15 ' Preparaation of Ti filmby PPCVD using Til[err]/Herr]/Ar

The CVD r 886Pp£ gpswAelacred fyomgthe gy Fmaisting ofhaydepgehii on of Ti
by PRCVD. ral [ [ il rd.); I; r was placed in
t he gﬁgblgg g&%?%ﬁa%g§8§lgaﬂi%%ﬁéﬁl iﬁéwégﬁﬁnﬁigf fgggbgﬁgﬁkgfion heati ng
tape and zomtaiatiad paidr sibscrateppsyid rdpod AHadd ECrdtr gag aagual
processing. @A mass flow _ _controller 13, which can be isolated from

t he bubbl &igl sgcond gagj 48 paitntained At 13 tempanasred of AbeWtoRO2Y scem

hydr ogen carr.i_eg.gas_15 through edt hrough ;16 _into_the_bubbler. The
Xt ure ot PBeiEs BEBLERoron i TR COT LeheEoF O dEPRAEE LR f Eoat i
transport ed thigeugh 1feedeBr eHghgdscPaed, vacuum i sol ati on val ves 18
and 19, and delivery line 20 into the CVD reactor 21. Al transport
and ¥l ivery lines and hi gh vacuum i sol ation valves 17, 18, 19, and
20 were mai ntai ned a |0t s At 60[err] G
using a conbinationago Thﬁeé%?ﬁgét%%égéﬁggigggéﬁgp%g2%%%%%r%hﬁp?9é22, to
prevent  firstpla@cussammbaiandfdsohe ogecdi® gendhydkrogen.equi pped with a

22. A substrate for integrated circuitry having a
15 coating disposéd thereon, wherein the substrate has features
with dimensions of less than one micron and aspect ratios of
at least about 3:1, and the coaﬁing is a titanium-based film
- according to claim 1 being conformally deposited on the
substrate with step coverage greater than about 70%.
20 '

23. A substrate for integrated circuitry having a
coating disposed thereon according to claim 22, wherein the
substrate has features with dimensions of less than about
0.25.mi;ron and with an aspect ratio of at least about 4:1.

25 |

24. A substrate for integrated circuitry having a
codting disposed thereon, wherein the substrate has"features
with dimensions of less than one micron and aspect ratios of
at least about 3:1, and the coating is a titanium-based film

30 according to claim 6 being conformally deposited on the
substrate with step coverage greater than about 70%.
I —
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VID 96/ 12048 PCT/ US95/ 13243
- 36 - di ode- mlﬂlHHﬂIjulﬁ! Le type plasma configurati on made of
two el ect r’"6096/12038 a | ate 23 served as the PCT/USS5(3343 ¢

el ectrode and was driven by the tadio frequency (13.56 _..
supply 25. 5 In this case,4dlasm- pronot ed G(sms(gﬁﬁﬁ AS BEEN.
enpl oyed for the growth of Ti thin filmnms. Accordi ngly, en i
pl asma was used for in situ pre-deposition substrate g at a

pl asma power density of about 0.25 Wcnierr], while an argon pl asma

was enpl oyed during 2&t uad sjmaxsdatﬁeorfce:t integrategd| atreuptmerhateing tay of
bout 0.25 WcnP to feed. t
(A) gas + FPRETRe dieadnd tnedtonraceoraint®RotiBa il CRs | Pyndcty K& 100

control | edshystPfte has FEffurdDWitNJidlen@iodd 8801855 0cha esbdwdl ation
val ve 35. The substrate (wafer) 26 was El aced ‘on the | ower, grounded

15  Spl asfe2®| Bie¥eRcamy aspRrawraticn of &5 488B&r APOuby6 sh- 8[ err] bor on
nitride (BN)-encapsul ated graphite heater 27. The titanium
metal filmthus produced was netallic, conti nuous silver-col ored and
had physical and el ezéri calsubstragy @y tintegrdeeti eakctdtiporgviigva ousl y
described for 20 typical titaniumnetal filnms pade according to the

i nventi on. coating disposed|theyqep .Setirifimythey éb‘QPEFPEﬁ B?ST??%‘F\F%?I ayers

by E’E’EV%fhEETJé of " Tdddetdd 'dhle ThlcAHCABY adfdlB IS 0805 of

T|I[err]/H[err] react or sovvnln FIG 1
was &@pl oyetl least 3:1, tdwedithesidontsimgicrd waltmtamamt—baaedff:hlfm /[ Ti N

bi 1 ayer froccmrci:l.ng' to claim 13 being conformally deposited on the

~ substrate with step coverage greater than about 30%.

-



Til[err]. The Ti layer was first grown by the PPCVD described in

Exanpl e 3. Then the plasna was turned off and the auxiliary 30 as
changed frworges to anmonia to forma TiN | ayer essRATUIYIH2435
described in Exanple 1. A TiN l'ayer was ﬁ@us WO 96/ 12048

PCT/ US95/ 13243 - 37 - grown on top
of the Ti kayer to forma |lamnate bilayer. The Ti and TiNfilns were
anal yzed a® described earlier and found to exhibit typical
propertiesE _ It will be apprecigted by those skilled in the
art 5 tHat changes coul d be nmade to the enb®di nents described above

wi t hout degarting fromthe broad inventive c; t her eof . It is
under stoodg therefore, that this invention ip rot limted to the
parti cul ar 2enbodi nents di sclosed, but it is [Int ended to cover

nmodi ficatig@ns within the spirit and scope 1

[ he present invention as
defined byt he appended cl ai ns.
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1. A netthFf

substrate by in
-_—

or depositing multi
5itu sequenti al

ﬁ tifaniumbased filmonto a
&ep05|t|on (CVvD),

%‘ az:;zf

che

conpri sing
the steps of intfoducing a substrat@land $ ourceuprecursor into a CVD
chanmber, where_the source precursor s a Vapor at | east one conpound of
formula (1) ﬁ; ' ; T|(I[krr])(Br[err])(Cl[err])

(1) wherein m¥e
substrate at a-t
filmand titaniu
titaniumnitriee
2. The nethﬁb_
deposited onto
nitride filmis (

The met hod accgy g
chanber with sg_;
pl asma havi ng

sufficient to ee(
4. The met hod
t he group consi
chanber during

The net hod accordi

t

tetrai odi de vaﬁar.

bnper at ure bel ow ab
mNnitride film

according to claing

0-4 and nis 0-2; seduent i al |y depositing onto the

i

50Q[ err] lIayers of titanium netal
g either thejtitaniummetal filmor the
d firist the substrate.

filmmay be depo

according to clai Swherein aititaniumnetal filmis
substrate to provt coated shtbstrate, and a titanium
i cdat ed isubstrhte. 3.
1, wherlein h§drogeh gas is present in the.
va |d subsﬁ and gaid chanber contains a
| asnma power den #g? about:0.5 Wcnferr], for a tine
osit a titanium filmonto|the substrate.

wWIefein ah inert gas selected from

i ng of argon and xqm n gl addititonally present in the
gposi tion of -the ti netal ilm 5.
ing to claim1, wh iihe source precursor is titanium

Ihe nethod according to claim1,

wherein a nitraqgen- contalnlng gas 3k pﬂE$ent in said chanber with said
substrate and id vapor; and said 'ﬁ contdins a plasma having a
pl asma power déﬁe ty bel ow about O. err], for a time sufficient to
deposit a titamjumnitride film ont e Smbstrate. 7.
The method accord{ng to claim6, wha¢in {ha-nLL;ogen- containing gas is
sel-eet~ed " f r om tgye] group consi sting B " (a) hydrogen
and at | east or{a‘_nf ni trogen, anmmoni (S =hHydr azilne;
) - t\j . -w E
s | IME
- ir 2
. T =
~ £ KAl
NOOSESS66L6 z ~
PODOOTPOIORE = .
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-89- . (b)  nitrogen and at |east

argor.Le. xenon,—an - (c): - anmoni a N:%% Vi
gon and xenon. - The net hod accordi n 9(0

wher ei mai nt ai ned at a tenperature of about 350[err]C to

about Mwﬂmﬂ"'mﬂmnm . The nmethod according to clai m[7 V\}‘IEI’EI n

"t he n|trogen- contalnlng gas i s hydrogen and nitrogen. 10

The ‘net hod according to claim1, wherein t h&8 deposi ti on chanber

additionally contains a first gas selected fromthe group consisting of

ammoni a and hydrazine; and a second gas seLABM8d fromthe group consi sting
of Hydrogen, nitrogen, argon and xenon; and said substrate, said vapor,

.said first gas and said se¢ond pafiethédfor degdsRingwltiple ldyersroftitamdurtHbasedns i n
t he absence of aﬁgmasma for atine suff|C|ent to deposit a titaniumnitride

filmonto the sulfémontaa substrate by in sifu sequential chemjgal yapordepositien QVPQ’ to claim

12, ""The. et hoa caiphnBE Ry St SRRy NiSRESAN TP HANTD

fromthe group CQH&hEér'WHer@ihe':‘sbhic Wﬁfbcﬁﬂ%dr 8 ialvaperofakleast one compound of formula 13.
The net hod accordi ng to claim 1, erein the layers are deposited w thout

transfer of the €Dbstrate fromthe chanber so as to m nimze contam nation.
14. A net hod for the chem cal vapo (C,\/D) of a tiyt ani um net al
filmonto a substrate, conprising i nh@dﬂ@fh}g‘)@ a depositi org)charrber t he

fol | owi ng conpon&fHessin m is 0-4 and n is 0-2; and sequent{ally depéitiighsits theQubstrate at a

(b) a vapor of a.conpound havi ngothe formula (I

Ti(1[err])(Br[er rte}mmempvrbe}qw about 0°Q layergpftiteniymmetsl filmjand titapjumditgids:  an g

nd i nt ai ni g SIPCvBAE AR BOARaRR eRCE RO Bt AR npBRr b SO
bel ow 500[err] C f@ﬁosﬁeaﬁmoﬁféftﬁé §ilbstrdte .t O dep05| t atitaniumnetal filmanto
t he substrate. :
2. The method accordmg to claim 1, wherem a titanium metal
film is deposxted onto a substrate to prov1de a coated substrate, and a titanium
nitride ﬁlm is deposited onto the coated substrate.
' 3.  The method according to claim 1, wherein hydrogen gas is
present in the chamber with said vapor and said substrate, and said chamber
eontains a plasma having a plasma power density below about 0.5 W/cm?, for a
_ time sufficient to depesit_a titanium metal film onto the substrate.
| 4.  The method according to claim 3, wherein an inert gas
selected from the group consisting of argon and xenon is additionally present in _the
chamber during deposition of the titanium metal film.
5. The method according to claim 1, wherein the source
‘precursor is titanium tetraiodide vapor. ”
6. | The method according to claim 1, wherein a nitrogen-
contairﬁng gas is present in said chamber with said substrate and said vapoi'; and
said chaimber_ centains a plasma having a plasma power density below about 0.5
W/em’, for a time sufficient to_deposif a titanium nitride film onto the substrate.
1. The method according to claim 6, wherein the nitrogeh-
contalmng gas is selected from the group consisting of

(a) hydrogen and at least one of mtrogen, ammonia or

~ hydrazine ;
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chanber_| i LI t a tere}pg?atﬁreaggogbijzg SEOFe?Ir rcmfp%ifgi 3 243
£6. jmgir@jm%ﬂﬁﬁlgl ng-to claim14, wherein n=0. 19180V 1996

The cl aim 16, wherein the conmpound of formula (I) TIs
titaniumtetrai odide. _ 18. The nmethod according to claim
14, wherein the substrate-is a silicon or silicon dioxide wafer useful -in

t her manuf act ure of a ULSI devi ce. -39- 19. The net hod accordi ng

to claim14, wherein the chanber also contains a plasma having a plasm

power density bel ow about 0.5Wn] enitjogen and at least one of athonia, drgoR bhrehohpr -
the chem cal vapor, deposition (CVD) of a titaniumnitride filmonto a .
substrate, COrrpraPQi ng introducing to a deposition chanber the follow ng

- conponents: \ggl-,)n g ( %gopgara?riﬂ?gfe%%oﬁé of argdn and xenon.

(b) a vapor of a conpound ha _ .
Ti(l[err])(Br[err]) wherei8n m iThe gethodradcording to claim 6, wherein the chainb¢r is at
| east one nitrogen-cont.ai ni ng gas; i Nt ai (%‘?‘g sai d chanber cont ai ni ng

; d R, rl 0
sai d conmponent s Iﬁ%‘“%@ﬁb%@&tp&@@“ﬁeg&ﬁuhmp@ AP E- - - 21.

The method according to clgai m %ﬂerﬁ'@ﬁ-ﬁfd@c&rﬁﬂgé&ang&fﬁﬁ% E‘%’Q@@ fding to

350[err]C to about 475[err]C
cl ai m 20, wher eicontalting gasfiohydtogen dnliitfogenul a i s titani umtetrai odi de.
23. The net hod accordi ng to claim 20, wherein the nitrogen- containing

gas is selected from the dPoupTeemsthadiaseprding thglaims bowhespia the depasiion one  of
ni trogen and amm&hﬁe%ﬁitﬁﬁdxcg)%&i%ﬁﬁg %%%&e@ﬁgngﬁ@g@gg@ﬁsﬁsﬁﬁg?f and at

| east one of ammbni a, argon Xenon, [ na ai one argon
and xenon. ammonia and RylirazineT;ad astdond gasseloctid fipri the@raipeonsisting el ei n

the nitrogen- hydrogen, nitrogen, argon and kenon; and said substrate, said vapor, said first gaé
and said second gas are reacted under thermal conditions in the absence of a plasma
for a time sufficient to deposit a titanium nitride film onto the substrate.

| | 11.  The method according to claim 10, wherein the first gas is
ammonia and the second gés.is hydrogen. o

12.  The method according to claim 1, wherein said substrate is
selected from the group consisting of silicon and silico_n oxides. .

13.  The method according to claim 1, wherein the layers are
deposited without transfer of the substrate from the chamber so as to minimize
contamination. _ : -
14, | A method for the chemical vapor deposition (CVD) ofa
titanium metal film onto a substrate, comprising introducing to a deposition
chamber the following components:

| (@  asubstrate;
) * avapor of 4 compound .having the formula (I)
,_ Ti(lg ) Brp)(Cly) o
wherein m is 0-4 and n is 0-2; and : | _
. " (¢) atleast one of a carrier gas and an auxiliary gas for
said vapor; and | | B
| maintaining said chamber containing said components at a'tempel_'aﬁue of below

5 00°C for a time sufficient to deposit a titanium metal film onto the substrate.
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The nethod according to cIa|n114
substrate is a silicon or SI|ICOﬂ di oxi de wafer useful in the manufacture
of ULSI devices. -- 27. A substrate for integrated
circuitry having a coating disposed thereordO-wherein the substrate has
features with dimensions of |ess than one micron and aspect. rati os of. at

-l east about 3:1, and the chiati ilhd method adcandingtorldimildewhérkim the claintbienty t o

cl aim 20 bei ng conf |y de osite nt ubstrate with step coverage
greater than abofff™ n%&?datatem erature of a °‘§§28 ét@%&&ﬂ%‘tﬁa% for integrated

circuitry having a coatingiglis eth&?ﬁfcgﬂl Qg &Jﬂergirﬁ'{-'a‘ 27, wherein

the substrate has features with di nensions ess than a 0. 25 m cron
and with an aspect ratio of7.at Tlmanemabmbrdmg]mclaun 16, wherein the cotfipound f

substrate for ted circuitr ving a coating di sposed t hereon,
wherein the subskqng'f"g( at§ﬁta@§%te§§l°9a h di mensions of |ess than one nicron

and aspect ratios of at le % g#min 0 ani
metal filmaccording to cl gfm 1 e?t§°&%cgn rgﬁrtgﬁfa&ﬁgebogﬁka&ﬁ% b%ﬁngm
substrate with ssiipomensilicagdigyideavafer usbﬁulmahentaniﬁ&mre of a ULSI device.  30. A

substrate for integrated c cw ry ng a,coating di sposed thereon
according to claim 29, V\/ne f‘ﬁé’“%‘g?é%‘i"a‘id@%fa§ laing Jdhy iy g‘?ﬁ%*ﬁ"‘&%ﬁ%‘%ns

of Iess than abo&’&x} @éﬂ?ﬁéﬁé%ﬂ?‘g{)%ﬂ@?&w&%hﬂﬁI:%tov%boh?@%%@xﬁmm 6:1.

31. A substrate rcul a coatl ng drsposed
‘thereon, wherein the substZQate Aawthodforthe shemital vdporaieposition (CVD)esta t han
one m cron-and agpect rat of at least 3:1,, and the coating is, a

mul tilayer. titanf nto. g sphirats, @aupeﬁagmq@us@gﬁgaéwm| ly

deposited on thegsibiet ﬁé&&‘ll&%ﬁ& c&ﬁﬁ&eﬁ@ver age ar eat er than about 30%
(a) - asubstrate;
- (b)  avapor of a compound having the formula (I)
| Ti(lg ) Bly) |
.wherein m is 0-4; and _
() atleastone nitrogen-contai'ning gas; and maintaining
said chamber containing said components at a temperature below-about 500°C.
21.  The method according to claim 20, wherein the temperature
is about 350°C to about 475°C. S | |
..... 22. The method accordmg to clalm 20, wherein the compound of
the formula is titanium tetralodlde
23.  The method according to claim 20, wherein the mtrogen-
contalnmg gas is selected from the group cons1st1ng of hydrogen and at least one of
. nitrogen and ammonia and at least one of ¢ argon and xenon; nitrogen and at least one
of ammonia, argon and xenon; ammonia and at least one of argon and xenon.
24.  The method accordmg to claim 23, wherein the nitrogen-
: contaxmng gas is hydrogen and nitrogen.
25.  The method accordmg to claim 14, wherein the chamt:er_ also

contains a plasma having a plasma power density below about 0.5 W/cmz.
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20. The nethod according to claim1l Ui .~| n/t%e( 1 3243
oMM MM o 1o cone e a0t e el SPRANS 19 0

roup congi Skl ng
fromthe group consisting of hydrogen, 5 ni t rogen, argon and xenon; and

sai d deposition chanber contai ning said substrate, said .vapor, said
first gas and " said second gas is ma,ilpt ai ned at- a tenperature of about
~200[err]C to about 650[err]C, for a tinme sufficient to deposit a

titanium - nitride fi ong0 1 ubst 21. The
met hod according to cl alinqnzont&?ﬁgﬁﬂét‘i?g&mg%dm L4, whersin the sybstrate iSa) ¢ he
second gas i s siljdh@@eilicon dioxide wafer useful in thé 2nanfifecride bf B SI fio¥icéd1l €9r at ed
circuitry having a 15 coating di sposed thereon, wherein the ‘substrate has

features with d| maZ75| oA sylfstriatefor mmgmtedleucmttrly hﬂgﬂ?dfﬁﬂp@lﬂmp’cﬁéd os of
at | east about, 3:1 tin atit ase |
according to CREE ?ﬁ’ &é&ﬁ%@ﬁﬁﬂ?ﬁé? °%%fl%s£n%mi%e
th st
Wi th step covenagenddf g?ﬁfﬁtfl@dst?e&h .1 Qrﬁthe%gatmglsa tanrlllémdnspos

substrate for integrated circult avi ng t hereon -
according to aceordingdo cldnm?ﬂiheirtgi‘oanformally de;hstte@beﬂimb&m& Wwithstep t

g![ n}agzg?nzbgrjt&;esr;gé Qraegte?t%%g%bout 0%, 0.25 micron and with an aspect ratio of

28. A substrate for mtegrated circuitry havmg a coating dlsposed
thereon accordmg to clalm 27, wherein the substrate has features with dimensions
of less than about 0.25 micron and with an aspect ratio of at least about 4:1.

29. A substrate for integrated circuitry having a coating disposed
thereen, wherein the substrate has features with dimensions of less than one micron
and aspect ratios of at least about 3:1, and the coating is a titanium metal film
aecordmg to claim 14 being conformally depos1ted on the substrate with step
‘coverage greater than about 70%

' 30. A substrate for integrated circuitry havmg a coatmg dlsposed
thereon accordmg to claim 29 wherein the substrate has features with dnnens1ons
of less than about 0.25 micron and aspect ratios of at least about 6:1.

31. A substrate for integrated circuitry having a coatlng disposed
thereon wherem the substrate has features with dimensions of less than one micron
and aspect ratios of at least 3: 1, and the coatmg is a multilayer tltamum-based film
according to claim 11 being conformally deposited on the substrate thh step
coverage greater than about 30%.
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coat

& 24. A substrate for i

I ng di sposed thereon,

mhereln t he subst
dkmen5| ons of m t han oné’o WY
a titanium-based film 30
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(54) Title: CONFORMAL TITANIUM-BASED FILMS AND METHOD FOR THEIR PREPARATION /
(57) Abstract

Titanium and titanium nitride layers can be produced by chemical vapor deposiﬁon (CVD) processes conducted at temperatures below
475 °C. The layers may-serve as diffusion and adhesion barriers for ultra-large scale integration (ULSI) microelectronic applications. The
_pgocessesuseatiumumhalideprwmor such as titanium tetraiodide, andhydrogenorhydrogenmcombmmon with nitrogen, argon, or
ammonia to either produce pure titanium metal films, titanium films which alloy with the underlying silicon, or titanium nitride films. The
deposition of titanium metal from titanium halide and hydrogen or the deposition of titanium nitride from titanjum halide with nitrogen and
hydrogen is achieved with the assistance of a low energy plasma. The process allows smooth and reversible transition between deposition
-of films of either titanium metal or titanium nitride by introduction or elimination of nitrogen or ammonia.




