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A Ti /T| NTiNerr]. UNDERLAYER WHI CH ENABLES : C%ﬂ dﬁ#
- ORFENTED ALUM NUM | NTERCONNECT.  ~ * . _ CF THE
I NVENTION 1. Field of the Invention " The 'present i nventi on

pertains to a particular (Ti or TiNJerr])/TiNTiN[err] barrier/wetting
| ay Attoniey UdddkeENohAM: 1808101 es t he war m al unmi nunUS.IExpeess dffaih Nobh E2134847151US

ratio vias while providing an aluminumfill exhibiting a high degree_of
{111} crystal orientation alumnum 2. Brief Descri NewdeTt BEEN
Background Art . Titaniumnitride |layers have Wg Sl@é T RS

sem conductor device structures as barrier layers fo 1:)“:\71 MQEPJ

i nt grdi ffusi on of 'adj acgnt /rAveNS. ONDERIEAVRRSWAHEH RRARIR num | and

si liscon, for exanpl Y - um -

dep SItEd over thelglu ;Q,Llu}'m UTIILIIILI [uc Dot S
typically polycrystalline, and pol ycryst aI | i ne al um num has poor

el ectrom gration resistance. e formation of integrated circuit

i nt & connect structures, SM@%OUND ﬂWﬂINmWWMk el ectromigration
of al'uminum atorms wi thin the al uminum|ayer becomes a problemif the

al umi num |l ayer is not formed with a high degree of {111} crystal
~orientationl. Hieldtofahe &ivehtion of the al umi num atoms can result in open
circuits within the integrated circuit structure, and therefore, such

el edt roni gr at i on Thepsesepieinyention; neetamgrto al namm&rda” 1 OEfrelﬂi)/r'BN{Bi*ht i on - of

al unj num at o, can _pccur W thin | ed, vi as wel] |, inmpal.ring.the
conduct i vi t PaiersttingdAYer gyetire which engbles thewar o mmdﬂhn@eg high aspect;

al ., issued July 31,.1990.. .describes. a ss fo tially i zed . beam
Gepdsi ¢ 1 on GitiondEs PTG prosidiag aamhag}gwahﬁ@ BEPRinect hieh dritrear WIaT EhRlc: or

-wafesrs. Met al. orized froma crucible is partlally i onized at
) orlenta 10N aluminum. .

9 2. DBrief Descrl tion of the Background Art

_ iO | | ' Titanium nitride layers have been used in semicbnductof dev_i(:e structures as
11 | barrier layers for preventing the interdiffusion of adjacent layefs o_f materials such as
12 aluminum and silicon, for example. I-IoWevér, the crystal orientation of aluminum
13 deposited over the surface of the titanium nitride barrier layer is typically
14 pochryStalline, and polycr;'stalline alﬁminu_m has poor electromigration resistance. -
15 | In the formation of integrated circuit interconnect struétures,_ such as a |
16 Ti/TiN/TiN, stack, .electromigration of alumiﬁum atoms within the aluminum layer
17 becomes a problem if the aluminum layer is not formed with a high degreé of {111}
18 - crystal orientation. Electromigratibn of the aluminuni atoms can result_ in open
19 circuité within the integrated circuit structure, and therefore, such electromigration
20 muét be inhibited or eliminated. Electromigration of aluminum atdms can occur
21 _' | within filled vias as well, impairing 1hé_ conductivity of the contacts.
22 ' | U.S. Patent No. 4,944,961 to Lu et al., .iss'ued July 31, 1990,'describes a
23 process for partially ionized beam depbsition_ of metals or metal alloys on substrates,
24 such as semiconductor wafers. Metal vaporizéd from a crucible is partially ionized at
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-2- the crucible exit, and the ionized vapor is drawn_ta.the substyat-e—

by an inposed bias. Control of substrate tenperature is|JHiS SHEERIHASWBEEN

nenéconformal coverage of stepped surfaces such as-treng hes OREPLAﬂED When

"~ higher tenperatures are used, stepped surfaces are pl and~zet—¥e
exagRbfity PocRet /6. CAMRISEY Ui num deposi tion, whegg, tﬁk?ré%?ﬂﬂ&PﬂBOEFﬁb%MlSlUS

dép05|t|on I's carried out with substrate tenperature$S rangi ng be

about 150 [err]C and about 200 [err]C, and the planarized deposition is

! pour b lbibiB R bt he'iGBR] gt 3ol YEETLRP hodal il ©
Lechni que. ofofRRiMuBgrate féﬁﬁﬁ%ﬁmekmm @ﬂ&&%n%ur&rﬁ{agegve%egﬁﬁtéﬁp%

density, uctively couple l'asma  in the region

spugtering aafaeesdsichnd ﬁéﬁ@héilﬂ?sshésat Whed bt Eenip%%uég tafé:hs%d hbﬁ;&éﬂd 'Met al
ion deposition fromionized magnetron sputtering di scharge” l'ished in

the4J. Vac. subftices dreqiiamkized. THO exaniples piven are ﬂ)&Mlﬁﬂhuﬂa%osnﬁﬁﬁ ﬂ'ﬁerb RRe
exanples given is for titaniumnitride film deposition using reactive

spubt er i ng, natheordormal ideposition iscarminsdentiwith subgtraty teropdriatusgs renging thetweeepl asnma

~forned froma conbi nation of ar%b and nitrogen gases. U S. Patent :
No. 65, 262, 3houf 45@1G and abput 200 Lpmdnibe plamarizefadeposition iemried eut withnet hod

such as ”‘s.”?wl@aﬁﬁe‘%?myevrgfv?é b Bt B o el R b L?L% nurm
{ne Sl o num E[%@??ﬁ‘“s fht Sl RV e 1o B el 2 °

Canging. bet SvERUY oA RePerhitefe GinEhiEh dBilit? BituBhively CGINES Rrpliam .
No.105, 543; 3@/thk Qeﬁféﬁ%gﬁve%ﬁ 1R sputtefifig S5thoMOAE the subtAfe indMeR 1998 Sirficle PT OCESS

for manufacturing a sem conductor device wherein a titanium-filmis used as

an 1ander fi fitled tMetahionl depbsition fohpjonided MigneRos ¥pitterinplisthnige® published
characteristics of the alumnumalloy filmfromdeteriorating. The

t hilzkness oin thid. Vac.a¥diuTiechnblnB. Valel2,tNo. 1, Jan/Feb 1994. One of the examples

13 given is for titanium nitride film depoéition’hsing reactive sputtering, wh'ere a titanium
14 cathode is used in combination with a plasma formed from a combination of argon
: .15 : and nitrogen gases. ) _ i
16 U.S. Patent No. 5,262,361 to Cho et al., iésued November 16, 1993 describes a
17 “method for forming single c.rys.tallaluminum films on the surface of a substrate such .
18 as silicon (111). The object is to increase the amount of the aluminum (111) crystal
19 | brientation, to improve the electromigration resistance of the aluminum. Electrically
20 - neutral aluminum is deposited by a vacuum evaporation technique upon a silicon
21 - wafer surface at a temperature ranging between about 300 °C and about 400 °C.
22 U.S. Patent No. 5,543,357 td Yamada et aL, issued August 6, 1996, descr_i.bes a
23 procéss for manufacturing a semico_nduétor device wherein a titanium film is used as
24 an under film for an aluminum allby- film to prevent the device characteristics of the
25 ~ aluminum alloy film from deteriorating.. The thickness of the titanium film is set to
26 10 % or less of the thickness of the alﬁminum alloy. film and at most 25 nm. In the
27 casé of the aluminum alloy film containing.no silicon, the titaniu_m film is set to 5%
-
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10 % or less of the thickness of the alumnumalloy filmand at _npst 25 .n .
In-the case of the alumi numalloy filmcontaining no silid¢qpg tSMEET IHASNBERN |
filmis set to 5% : REPLABED
of less of the thickness of the alum numalloy film The al Iln‘i.nnrnifgll s
formed at a substrate tenperature of 200 [err]C or |less by a sputtering
Prasstey Bockenhian AMBAR0RI umi num fil mor an al utd.Swikkpatdsdviail NonHH734847131US
via hole, the substrate is heated to fluidize the alum num The pressure
during the alumnumfilmformation and during the fluidization is |ower
than 10[ er igk 151N the"thidkhadd oMhé afuidifléin RABY ifm, | BYCAluFIYIR FlmAR Fbingl AN an
interlayered insulating film (or over a titanium layer which has been
appi i ed t o al dwBstrddé Wniterdtarel dfl 200, °C of lesyVByl alipuft @ inEBhrotess Odndowhéd el um film-
over the titaniumnitride film and finally by formation of the al um num
fildn over taheninumafiimior ad aluminvihtalioy ffomniatte dill o ¥iat linde,tthé aubstratenis theadd
barrier layer, the barrier layer is heated to a tenperature of about 600
[er4] C to toudizathg almingaenThe psstwre Auring theplumisgnofbn fonmatiensamdt hat  any
of.. nj.tri ated.. The titanium nitride

titani ich i d wi.ll it
barg T er | atuing e BRiAHOE i Bt inan PGREE R GBENES nirkdt barrie et Tl e s

Pe&iea Nov el dFah Bfaysred ipspasing fi [ S p WanidinIhgor Wiich RagBE 70 % -
semj cond uc%\ﬁﬂiéda% he Nsuﬁl'ﬁah g'fh?lz,ir @Eﬁggds: hg]ﬁﬂ'{)rﬁatiohrbf LHEnRAP Aitth BRBE thel | tani um

or titaniu Itride havin etween approxi.mately 300 and
2000 A is figini@f niYide Miint 8hd BAMOS bY ifstmaltion of Ak aluffniRtilMGWE thettiGRitin Ct
opening. The barrier |layer may be annealed to forma silicide in the bottom
of g he opefilmg. ARercforhoaiiorabl thenifamtitmvyedtride\barrieflayer) thertaaiarigyerds heated
refractory netal silicide is fornmed over the titaniumor titaniumnitride
uslthg chenite altempgrature depmait 600 AC(1C\70P . °Crinmmhitrpgem atnasphete asingux halogen ayer
typi cally aluminumis applied _over the surface of the conformal conductive
| aller . The lampiae thathany liginm ayhieh isrnot nigrided wilth bpcamme pitratadp eFlg titagiumingi ng

be'tzween ap%l?iﬁei: ﬂ?}rf:'r ¥ay]é|(') ?s s[a?c[ tro] bCe 2 rg])(cj)mfl gzg'riLre lragv rCif-Il-xrnlxi-ﬁQ'itrided titanium is present
13 within the layer. | |
14_ | U.S. Paleni No. 5,571,752 to Chen et al., issued November 5, 1996, Idisclo'ses a
15 “method for patterning a submicron semiconductor layer of an integrated circuit. In |
16 one embodiment, titanium or titanium nit;'ide having a thickness of between
17 approximateiy.300'and 2000 A is formed by sputter depositioﬁ to reach the bottom of

18 a contact opening. The barrier layer may be annealed to form a silicide in the bottom
19 of the opening. A conformal condilétive layer of a refractory metal or refractory

| 20 metal silicide is formed over the titaniurﬁ_ or titanium nitride using chemical vapor

-2 deposition (CVD). TFinally, a second conductive layer, typically aluminum is applied
22 - over the surface of the conformal conductive layer. The aluminum is sputtered on,
23 preferably at a temperature ranging between approximately 100 °C and 400 °C This
24 method is said to make possible the ﬁllin;g of contact openings having smaller device
25 gcmﬁctry design requirexﬁents by avoiding the formation of fairly large grain sizes in
26 " the aluminum film. . |
27 _ U.S. Patent Application, Serial No. 08/511,825 of Xu et al,, filed August 7,
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method is said to nake possible the filling of contact : Ik fT-'?ﬁ\\Si BEEN |
smal l er device geonetry design requirenents by avoidif esgﬁmbl on o
faialy Large grain sizes in the alumnumfilm U.s. P

Application, Serial No. 08/511,825 of Xu et al., filed August 7,

- “Atiormeyt PRkt 0! A0EHRAR0 Lhe Assignee of -Lhe RYSSERpresd NN NOIEHABMEAT5 FOS
ifnicorporated by reference in its entirety, describes a nmethod of formng a
titaniumnitride-conprising barrier |ayer which acts as a carrier |ayer.
The carrie ayer enpabl.es the fildlin X ITA YIS - AS V] es or
trgnc hes 0{9%' éﬁ'gé?gg%tmer Qfﬁ'%"eﬁr?ﬁ l#‘%gmg{"énar |"Ez‘§ i %r‘lisig:? &ﬁ g%‘hﬁﬁ”&?% film
deposi ted : | t ¢ YoinBRR Gt BMﬁﬁ\Sn'&jH@éH ik Prior
a-r? met hoql%\.f(&gn&hﬁ 1&%@%&%&&%&?&&&%&@%%@% Se iaﬁ No. 0‘8 753, 511 of Ngan
et3al .\ 1 bafehRYEMRfich st as"O8frieRFS! | DRScatrieElaiChrbles Ol 8
titaniumnitride-conprising barrier Tayer on the surface of a contact via.
Foy cert ai fpegmidsafuth g oime] Kdlesor tibihed bRhighaspat ryticemgiuthe planariestioneal alur i ng
formation of the titaniumnitride-conprising barrier layer, the thickness
of 5t he bar congductiveyim depasited ovetcthe carsienfayen at reducadriemperatiges qompared i es

an alumnumfill to travel along the sidewalls of the via nore easily,
redul ting prioraart pethads. i1 of the via. In particular, the titaniumnitride
conprising barrje ayer, needs 0. of ) A t hi ckpe ave a
i M mum €t ant ubhsJHER ARG, SEl M, 0L P N S TSRO
the Alumn raw t he al.um - the . of QF 4

U8, “pat entriop: B6@his ¥ el Bk oG o iniul SR nftiitg BackicPlavey,

of ;Ngan et al kl 21907, . di hSdtIeLS wieR GRS feab@s i ques
whigc_h can B’g ut‘JesseJé?‘atcggggﬁ%@@ﬁ%‘ﬁé%?ﬁ‘??ﬁ%ﬁ%ﬁﬁ%ﬁ on of a ti tani um ni tride
bayyr i er | Afsa® id fedheed dERRSfotrRationt ol thb Stanikii riifideLdRIpRging tarfeORYergr yst al
orientatio o? the titaniumnitride barrier |layer, the resistivity of this
| aqer is deerdikaéhs of the barriér Tdyenoh theosiddwallsyfuhé¢ eiacidrensesarfhisrenables
nitride-conprising filmor layer is deposited on a substrate by contacting
a 12 t ani umat alhmehumi filh tatrpveld stamgdhe sidewalls oftharvia more egsily, sasuliingdng gon in
conbination with nitrogen gas. A portion of the titanium sputtered %ﬂrom
t H8 t ar get beteendilk ofitherviai I partisulghshe titaninm nitride spmppsing baglerjayer ieedy asmm

to produce titaniumnitride, and the, gas ase ni.xture contact e .
sullﬂg trate tqbe of a minimum thickness and to have a RHmmum titanium content so ﬁm& Ble

15 - barrier layer can react slightly with the Aluminum, to draw the aluminum along the

16 ~ sidewalls of the via.

17 U.S. Patent Application, Serial No. - (Attorney Docket No. 1819)

18 of Nga.n et al., filed March __, 1997, discloses various process techniques which can

19 L be used to control the crystal orientatioﬁ 6f a titanium nitride barrier layer as it is |
20 deposited. Further, by inéreasing the {200} crystal orientation of the titanium nitride

21 * barrier layer, the resistivity of this layer is décreased. | .

22 _ A “traditionally sputtered" titanjum nitride-comprising film or layer is

23 ' dehosited on a substrate by contacting a titanium target with a plasma_created from an

24 ' ~ inert gas such as argon in combination with nitrogen gas. A portion of the titanium

25 sputtered from the target reacts with nitrogen gas which has been activated by the

26 plasma to produce titanium nitride, and the gas phase mixture contacts the substrate to

27 form a lz'iye.r on the substrate. Although such a traditionally sputteréd titanium nitride-
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forma |layer on the substrate. Al though such a traditj
titaniumnitride- _
conprisi,ng | ayer can act as a wetting layer for hot &l um n®
contact vias, good fill of the via generally is not eehreved at substrate
surfigfrfiey DBEIRE Mol eMafgoBess than about 500 [ elr.$Express Mail Neoo BH 7848421 5147S
atumnumfill at a |ower tenperature, Xu et al. (as described in U S.

Patent Application, Serial No. 08/511,825), developed a technique for
crepting a cobdptigibUiydrichh nfCasCP WRiting! 1ikr TaF hdtefluhawil fiMifdan@enviagigond a
snooth carri EIP l'ayer”, enabling alum numto flow over the barrier |ayer
surface at flipyEthelvaigencrally Bono athievedgianibittate surée temperatuedofilesStan[ err ] C,
for exanple). A typical barrier |ayer described by Xu et al., is a

condi nat i orabohit 500 ¥ | ayers including a first layer of titanium(Ti)
deposited over the surface of the via; a second layer_of titaniumnitride
(Ti4) is deposiTeproyiderfor nluminumAibatos lawes temperature, aneish (asydescritedral |y a

| ayer of TiNerr] is deposited over th LN second | ayer.. The three |ayers
‘ar €5 deposi t‘(&%- EQQ]CHbAPB‘r'FaK@Pé“PI] Ms}(.ﬁl EAS-?F%X’ @Eﬁé?&‘%’e@ t‘%/?ﬁ?'SHeg TCTRIME 3 bgd
subsequently herei.n., Typically the first,.Jlayer of titanium.i

aﬁpgﬁxi mat éﬁi’"‘%‘o‘“ﬂ‘q"ﬁé’ 'Sﬂ'g%/ barder la?'ﬂewg'gié 8%’31 gt S'S‘?&Lh%ﬂf'f"% layetout 800 A
thigk, and the.thid.l | N 0tv,E:ll.' : a good
fi If of conﬁ“g@t’ﬁg;%ﬂggmk%?élgg& %N%lg Hmléllsg‘?réfée{éfa? P tgslug Eﬁ%@%ﬁg\%ﬁg ang .
aspgct rat 'tQm'PEratlﬁ‘psoﬁkt low ¥8abodf BsEYEfor leR@mpleY.S WalypRial BartieF ayBr BésctiBed

alum numwas Tow in {111} content, resulting in poor el ectromgration (EM
per§or mancepy Xi et AR, il d/conmbifation 6ff theseriegdrs ifcludinga firstHayeredfltitatium (T) of t he
al um num measured by nanoscope, with Si as a reference, was |ess than
abeat 50 %depositedadves trsaniaes bf tiet Viaga serbyd laydeef titaniuna itride €TON)fisi cul t .

It is then desirable to increase the alum num {111} content for purposes
~of 11 npr ovi ndgpbsitedEvep thref surfage o thenfirsbtitanium laygr; Suslx quleyer ofi Tidhds aphy
process stﬁ?s. ) . : SUWARY OF THE IN\/,EN'EI ON

It 1Ras beerdeppsitegvaves the KA seeand hayeny She three dayens ap depgsiteduning;IRp dYistpl

barrier |ayer )
13 yPlasma (IMP) techniques which are described subsequently herein. Typically the first

14 layer of titanium is approximately 100 A to 200 A thick; the second layer of TiN is
15 about 800 A thick, and the third layer of TiN, is about 60 A thick. Although a good
16 fill of contact vias having 0.25 p diameter through holes having an aspect ratio of

.I7' | about 5 was achieved, the crystal orie_ntation of the aluminum was low in {111} |

18 _content, resulting in poor electromigration (EM) performance for the alﬁrhinum

19 interconnect. TFurther, the reflectivity of the aluminum, measured by nanoscope, with
20 Si as a reference, was less than about 50 %, so that subsequent lithography indexihg
21 . was more difficult. It is then desirable to increase the aluminum {111} content for
2 purposes of improving the EM performance and benefiting subsequent lithography

23 | process steps. |
24 _

25 SUMMARY .OF THE INVENTION

26 It has been discovefed that an improved (Ti or TiN,)/TiN/TiN, barrier llayer

27 deposited using IMP techniques can be obtained by increasing the thickness of the
5 _ This Sheet Has Been Replaced
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deposited using | MP techniques can be obtained by incrf gHEETeHA&iB,EﬁN
of the - S - ReFLACED |aye
of Ti or, TiNJerr] to range fromgreater than about 100 o

(the feature geonetry controls the upper thickness limt); by decreasing

t he thi ckness of t N second | ayer to ran r e ar ik h :

A tOUPRDEY ?}qqgﬁq};%o&&'b%\l A (prefer a%l y | ess t%glfgkaggh%sg%ﬁ&ﬁ' %ﬁ?%t”mg
controlling the application of the TiNerr] third |layer to provide a Ti .
content ranging from about 50 atonjc percent tifani st pi chj tric) to
S0kt 100" abshTarenor Soar TN @imug Iromasrestrothan abou LA Y3 b drR dhe”) o
atoni.c percgnt of Ti is at least 40 atom c ,percent, Preferab the first
I-ayg‘r is  158tusE BERTREtHLFILIR!S the uppeH @'b‘%f‘?sfst}ﬁ?.‘t}"?’ yi@c'ﬁﬁgf‘% Illpee{;\)(d[kﬁg?s_qt{]tbe_
Ti NLerr] thind Laver | d - d | fil TiN
second | ayejlr'bgﬁ%f:%ég rllal“be? ttés nglgﬁrogg#fégn&?'tgdr?‘a%&%?mﬁ @ﬁ@gge%ﬂhﬁsg bg'{'t éadbeA

st ojychi onet pi CrabiblC RES #i3h 2BOG ﬁi@dﬁ);%dﬁbgkmﬁmﬁﬁ@Hleo‘fppﬁ&ﬁl&l dfQfle TANOM C
.percent. The thicKness of the TiNJerr] third |layer preferably ranges from

abogt 15 A lapéetub pe&ddéa Ticohitehhaangingcfior aboutl 50 stomid Peraentrtitanipmr cent  Ti
conponent ranging fromabout 15 A to about 300" A. The inproved (Ti or

Ti Nger r]/ Ti (stoichibmetric) baabout 1 0D ayeemic percebt ttaniune  dWhes ithe fifst tayernisiFiNzum

i nterconnect or an aluminumvia fill where the alum num exhibits a high
{117} cryst tie apomisrpeacand of Tiis atrleast 40 rtoraicinergsnin Peaferablyothecfinsblayesisi bits a
reflectivity of 150 percent or greater at 436 nm A (1| or .

Ti NBerr])/ Tﬁ/waﬁom[l@pﬁl]cewaﬂ i '@rad%&gﬂ@s ltﬁawﬁsﬂ%dwa@t Qlerffgxdﬁ'éé layseis fogmed e 4

feature, b fj)li feat i th tered aluni

e Sai 7o of ak e eng e dheehosiion st o TaN Srisi et and AENBUSACH Bnléf Epllept " ©

hi bout . 6:, 1. . The Ti Nk ' | '

DB, 75, 277 Wi b g icgaBie e B8 Sad S 7| SofiSRIT bR B0 ® )
f.er abl 0 ' 1ol

Pher connec Honftp BesperfcTherthikiess At NG, (A 16fer préfefibly fingh® oM sbout 15

rangi ng from absht S00TK, bAthAhe WhickiksSf the Rtedtamic/ patern T ompbnent.ravfing t he

device feature is a via, the TiNerr] third |layer should be deposited at
reduced pressu Ssout A5G 1@ abourB0abut Thsimproveal @R aut TINQ)/ TN/ TiN, cbarriemlayerat
about 10 nT. The alumnumfill is then deposited at a substrate tenperature
rangi ng fr oenatiesuthe @6positenfrdnGaluminmio intersaMepieer rcalumining vigbfill wherethsut 400

[ erlrs] © 'TheaﬁllmuimxgueThiib?ts gehegl? _i{g {ald} grgrstzrilegrlijé:n(tagio%r el?susrtlflreﬁsthég&%lliggm layer
16 | obtained exhibifs a reflectivity of 150 percent or greater at 436 nm. A (Tior
17 TiN,)/TiN/TiN, barrier layer having this structure, uséd to line a feature, enables
18 complete filling of feature with sputtered aluminum, where the size of the feature is
19 about 0.25 micron and the aspect.ratio is as high as about 6 : 1.
20 The TiN, third layer is deposited at é substrate tempefature of ranging from
21 about 50 °C to about 500 °C, preferably at about 200 °C. When the device structure
22 is an interconnect, the TiN, third layer c_aﬁ be deposited at pressures ranging.from |
23 about 5 mT to about 40. mT, prefefably at about 25 mT. When the device feéture isa
24 via,. the TiN.x third layer should be deposited at reduced pressures ranging from about

25 5 mT to about 10 mT, preferably at about 10 mT. The aluminum fill is then

26 | _ deposited at a substrate temperature ranging from about 350 °C to about 500 °C,
27 | preferably at aboilt 400 °C. The aluininum is deposited at reduced pressures ranging

6 'This Sheet Has Been Replaced
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-7- fromabout 1 nT to about 4 nl, preferably at QL2 AT

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 o|ifHi8 SHEETHOMABEENf the
el enent s ‘of a process chanber which enabl e physical| vapoREHERCED ti on '
augnented by an ion nmetal plasma (I MP). Fi gure—2—T1ttUustrares a

schematic_of a conductive contact 218 fornmed within a high aspect ratio
vi Attomey [gcket NpeAM=1Bs and the apparatus deYeY. ibxpress MQ‘hb‘OpE‘_HgéﬁG‘r“ﬂUS
di scl osure. _ Figure 3A shows the X-ray diffraction (XRD) curve for
an aluminumfilm deposited over a Ti/TiNTiNerr] barrier |ayer of the

ki Ad- descr fioadabwiut A mEftemboutet d, pref@abyadtabouttppii.cati'on, Serial No.
08/511,825; of Xu et al. This alumnumfilm exhibits a |ower {111} crystal
orientation content than desired and exhibits a reflectivity of |ess than

& hove ¢ e xro.ur ve. PRAEEBESCRIEHOR ofpApshANNGY: . roure

oo denne) buiVATE D Shahe S SEuhAR Rt SAReR A1 BB ShRRB VBB RR
ang exhi bi fysicdl %L+ﬁ?ndehé§r#'¥? F%E,,aépéwg¥ é,zg% metal pla‘ls'P‘/a ﬁﬁk’? re 3C shows the

XRD curve for an a eposi over a I Nerr] barrier

| ayer using the preferred. enbodi nent nethod used to create the barrier

| ayer illustrated in Figure 3B, except that the substrate tenperature
dursing deposi t Figure©R illistrabesra schemhticy of a vanduttibs conthdtd 18yfofrheh evithinThi S
alumnumfilmexhibits a |ower {111} content than desired and exhibits a
refl ecti vi highodspéat satid i 13busing 46 méthods and the apparatus described in the present

7 disclosure.

8 Figure 3A shows the X-ray diffractidn (XRD) curve for an aluminum film

9 deposited over a Ti/TiN/TiN, barrier léyer of the kind described with reference to

10 | U.S. Patent Application, Serial No. 08/511,825, of Xu et al. This alumim_xrh film

11 exhibits a lower {111} crystal orientation content than desired and exhibits a |

12 reflectivity of less than about 50 % (measured by nanoscope with Si as a reference).
13 Figure 3B shows the XRD curve for an aluminum film deposited over a
14 .' Ti/TiN/TiN, barrier layer created using a first preferred embodiment méthod described
15 | l;aerein. This aluminum film exhibits a high {111} content and exhibits a reflectivity |
16 of about 195% |
17 Figure 3C shows lhe-XRD cufﬁe for an aluminum film deposited over a

18 “Ti/TiN/TiN, barrier layer using the preferred embodiment method used to create the
19 ~ barrier layer illustrated in Figure 3B, except that the substrate temperature during
20 “deposition of the barrier layer was substantially higher. This aluminum film exhibits a

21 lower {111} content than desired and exhibits & reflectivity of less than about 50 %
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Figure 3D shows the XRD curve for an alumnumfilm dech_

Ti/TiNTiNerr] barrier layer created using a second pr rSi'tEEEri'lit&jBErgm

met hod described herein. This aluminumfilm exhibits alhigh REHLJ‘\EEDcont et

and exhibits a reflectivity of about 210%?* - Fi gure ZTs—abar—graph
lectivities for alum nypgf t

Tie /*‘(ﬂiﬁﬁj Qﬁgl%éri] a\rﬁl ltra@%l ayer having the structuretkﬁg lq%??g%t 7%215;‘“18

the first and second preferred enbodi nent methods disclosed herein, .in '

conpari son the flecti s for.alumnumfilns depgsited over a
TR TN er v} e 3 S X g Rer ap PR (R BTNt
usi Rg prior TR A

al u?n num f| ﬁ@epogrﬁ%ﬁe Rad createfi lﬁ%%%rdﬁ#fmﬁgc?r@{ng&pg&gﬁ%ﬁ% i ng a
strycture apdcdtlrieréh e@l‘lﬁ'ssélﬂﬁmﬁnﬁ 'Ti'lrhCLxbe‘?tE ‘%JIBEH' {1 erbastidtR Bhd 'ZS?HBQE‘ a

di scl osed herein. This alum numfilmexhibits an AFM roughness (rns) of
abogt 78 A reflectivity of dbogr2 H0%.B shows an XRD curve for an alum numfilm
deposited-over ‘a Ti/TiNNTiNerr] barrier layer having a structure and
fabfi cated using a fourth preferred enbodi nent nethod discl osed herel n.
This alum num filmexhibits an AFM roughness of about 47 A

Fi gbre 6A il ustligumsst isrp bargraph shoving the wiative seflectivities for atpmimum films] er r ]

barr| er layer having a ctional thickness profile of, 100 A Ti/ 250
A TIN 100 Jepositgdeqver a Ti NN, %ﬁr&a#@yeeﬁawng g tatcoye and febsisated Wsifgosi ti on

5 B S b e Ml S

with the reflectivities for aluminum films deposited over a Ti/TiN/TiN, barrier layer

10 having prior art structures and fabricated using prior art methods.
11 | Figure 5A shows an XRD curve for an aluminum film deposited over a
12 Ti/TiN/TiN, barrier layer having a structure and fabricated using a third preferred
13 embodiment method disclosed herein. This aluminum film exhibits an AFM
4 roughness (rms) of about 78 A.
15 o - Figure 5B shows an XRD curve for an aluminum film deposited over a
16 Ti/TiN/TiN, barrier layer having a structure and fabricated using a fourth preferred
17 - embodiment meéthod disclosed herein. This aluminum f{ilm exhibits an AFM
18 roughness of about 47 A.
19 |
20 _ Figure 6A illustrates an atomic composition profile for a Ti/TiN/ TiN, barrier
21 layer having a cross-sectional thickness profile of 100 A Ti/ 250 A TiN/ 100 A TiN,.
22 ~ Figure 6B illustrates an atomic composition profile for a Ti/TiN/ TiN, barrier
23 layer having a cross-sectional thickness profile of 200 A Ti/ 500 A TiN/ 100 A TiN,.
" Tifiiﬁiillaei"ITeli'aced



-9- Figure 6Cillustrates an atomic conpositio TWBOSHEFJ Hé

Ti/TiNN TiNerr] barrier |ayer having a cross-sectiona ' ED |

of ;200 A Ti/ 250 A TiN 250 A TiNerr]. DETAI LED . ON OF THE
PREFERRED EMBODI MENTS The present disclosure pertains to a '
Ti /akiobheli Db&det NodAMi1808 | ayer structure and a UnStbasesMail &, IBHTM847151US
structure. The Ti/TiNTiN[err] barrier layer structure enables the
deposition of an overlying alum num | ayer having a high {111}

cryst al | ogr aphi q?i[vélﬁg BCeMustBfies &h AtBIiEEdthositlorPhrofiROfdr alPITINY/ OriNY bRAe?" -

Further, using th arrier layer structure enables the "warm alum nunf

filding of 1¥jerhalinyiaGostscaiial ticknets Profife 0N ArTion50 & TIMNRSMAVTING. an
aspect ratio of about 5: 1 and greater. -

1. DEFI NI TI ONS ~As a preface to the detailed description, it should.

be noted that, as used in this specification and the appended clains, the
si iyul ar f or s DETAILERD' DESERIPTHON OFTHELREFTRRED EMBOREMENT S ss t he

itext clearly dictat herw se.. Th "
%224 Conduct or " {Fhelprawat AsgRRIE pyrisns t A TAAGHIT NaBBR IS AU Bdchown o
R e i
i scharge, referencg tq " tact dal " gm ' '
al Toye. “andeBeiis™ Son Surhyle AlREbEE 0T uRkinR s b T YEE PRt £ C0 0
themto be SRHL "?r'idag rgqe%ligigr?%f BF&G?%@W 'or g@d?&? Flﬁﬁxgﬁrdsh@dthg‘?{aﬁ'ﬁé?-layer

Specificftermnpfog. articular inportance to t description of” the
pregent i NY@BukrOEndblesdfe "A&Gh BRAMGM" filling of ViR€hiefignan Apddure Af@Qx Force

M croscope) refers to a technique comonly used to neasure filmsurface -
roughness, witesreomless Sdhanghe aspecentiv adtabantt 51: 1 wadfgréater. sur f ace i s drawn
across the filmand the nechani cal novement of the microprobe is
translated into a digital signal which is plotted out. A series of plots is

conpi |l ed and _
10 I. DEFINITIONS

1 - | As a preface to the detailed description, it should be noted that, as used in this
12 specification and fhé appended claims, the singular forms "a", "an", and "the" include
13 plural referents, unless the context élearly dict_atés otherwise. Thus, for example, the
14 ~_term "a semiconductor” includes a variety of different materials which are known to
15 have the behavioral characteristi'cs ofa s_einiconductor, reference to a "plasma" |
16 | _ includes a gas or gas reactants actiVafed by an RF glow discharge, i'eferencé to "the
17 contact material" includes aluminum, aluniinum alloys, and other conductive materials
18 which have a melting point enabling theit; to i)e' sputtered over the temperature range
19 described herein. | |
20 : Specific terminology of particular importance to the description of the present
21 “invention is defined below. _ |
22 The term "AFM" (Atomic Force M’icrdscope) refers to a technique commonly
23 used to measure film surface roughness, wherein a microprobe in contact with the film
24 surface is drziwn across the film and the mcchanical movement of the tniéroprobe is
25 translated into a digital signal which is plotted out. A series of plots is compiled and
N
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- 10 -  a surface roughness is cal culated from t hercorptdation-
The term "al um nunt includes alloys of alum num of t JH!SJﬁHEEMH'ASaEHEW sed
in.the sem conductor industry. Such alloys include alunm nuRgRtAPE®Rr al | pys,
and al um num copper-silicon alloys, for exanple. The preferredemnbodirnents
de%‘idrhﬁfpobfét%? AWILBOROr al uri num conpr i si ng (ABOBkpRsOMKINMPIEI734847151US
The term "aspect ratio” refers to the ratio of the height dinension to the
wi dt h fll me35| on of particular openings into which an electrical contact is
“to pe placed, Eor e o] ' | .ch typically extends in a '
t ubll ar fO.rah?l{rﬁafg65%&%"%1?’@1@1\5#%@0?12%é;goréﬂ agll Sht and a dianeter, and the
aspgct ratio \/vou-hg2 Remt"afinlighdE L Wt ; | ter.
The aspect ratio of a trencﬁﬁmuqégtdgéggﬁ%stﬁgﬁmﬁ gft_ g“?‘?émﬁalﬁilvi ed by
t hezm ni mal jpl tha ¥&hicéhdliclorahdish§. (SueAG@NoHs irichilefinum-copper alldys, &I M
"feature" refers to contacts, vias, trenches, and other structures which
"makeg up t healimapm@i-agiper-silicoh alloysh Sarr exampleur The preferred embodiinents elesoribed
"ion-deposition sputtered” and the ferm"ion netal plasma (IMP) .refer to
spufter delohmelgl'\?tﬁ_fggaiﬂﬁmmyomagﬁegﬂbfwtébilf/t ePPREBpOSi ti on (where a magnet
array is place ehind the target). A high density,. [nductively cou d RF.
pl a8na i sI pOSi 'a Tl tegmp @srestratioh ecfers to e ratig Qfé&‘ﬁéﬂ’@hha’(ﬂ“ec‘ﬁ@“s%ﬁg? chhtg -
support el ectrode, ereb at .least a rtiqn of ,the sputtered enission is
" Bhe. t or ritgtensigh of Rar(Epar opepingY o, RbftBuin dfutcal BBl b Heiadl Yo

The term "reactive j.on 10N . Of. " i Ve, i ' L VP)

r ef gr s to ?Wp&eeﬁp‘élgtop gﬁﬂg B’ﬂ{‘é“e{}#’hcgnmgéﬁgﬁi“f Fdé)gl‘c}[r :}@}éﬁg%rs%@i H]s%ll}é)% I ed
Qury, 1 ne_ [P 5l b HidhP ah Ahantiih ahl nd AREASHiTTIORIA B ol T thé e od,
produci ng an’ion-deposttion sputtefe_ conpound contal ning the reactive gas
el qgent.  wbular diVided Y the difthéeet The hipect R80T al tterichfWdild beithey héiphselt ed by
nanoscope, with Si as ‘"a reference. _ The term"SEM' refers to a
scgmni ng el mettfepoh dividedsyofire. minimal travel width of the trench at its base.

12 The term "feature” refers to contacts, vias, trenches, and '_other structures which
13 .make up the top_ography._of the subst.rate. surface. L o | :
14 o The term "“ion-deposition sputt'efed" and thé t.ér.m."ion metal plasma (IMP)
llS " refer to sputter deposition, preferably magnetron sputter deposition (where a.magnet
16 ~array is placed behind the target). A high density, inductively coupled RF plasma is |
17 positioned between the sputtering cathode and the substrate support electrode, whereby |
18 at least a portion of the sputtered emission is in the form of ions at the time it reaches
19 the substrate surface. | . | | |
20 The term "reactive ion depositidn“ or "reactive ion metal plasma (IMP)" refers
21 to ion-deposition sputtering wheteit_i a reactive gas is supplied during the sputtering to
22 | j'eact 'with the ionized material being 'sputte_red, producing an ion-deposition sputtered
23 éompound containing the reactive gﬁs element. |

24 The term "reﬂectivit;“ refers to reﬂectiﬁty measured by nanoscdpe, with Si as
25 - a reference. |
26 The ter'm' "SEM" refers to a scanning electron microscope.
27 The term "traditionai sputtering” réfers to a method of forming a film layer on

10
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The term "traditional sputterlng" refers to a nethod of form.ng—a-—
| ayer on ' . a substrate wherein a target is sp ﬂTHQSGS(H\EETld*PtSthEN
material - sputtered fromthe target passes between the t3arget RppPLACES
substrate to forma filmlayer on the substrate, and no ‘seans—TS provi ded
to ionize a substantial portion of the target material sputtered fromthe
t ar gavrnog filncketi Wor AMEIRO8 t he substrate. One appdiSatixpresoMailoNbeBHT4$I7081US
traditional sputtering is disclosed in U S. Patent No. ‘5,320,728, the

di scl osure of which is incorporated herein by reference. In such a
traditional ; spisirh@ Witdein rial
which is ionized is | ess%gg?‘iﬂﬂhh%%\?\g‘i}gig{qgm ﬁﬂﬁtggé;d {rﬁﬁﬂﬁ% tﬂﬁét? t hat
spuktered f passest theeweay Getiar get and the Bhisstriafy 16) fo%ra”ﬁm Hﬁbpﬁmlhé ﬁflﬁ{rﬁet &hd

al um num applied using traditional sputtering techniques, where.t

subs8tr at e t sorpwasst isrpgovided ngloapqala mbsmmmquormdrear mbumaunmfeaagmmbﬁﬁdmeen
about 350 [err]C to about 450 [err ~ The term " XPS" refers to

X-r1 4y Phot ofPecthe diredederedt eaphes thy §‘d’“kﬁ'6va'a%“f’ﬂ“5m ¢mifigoradoe provide

5?3%;5? S Polifina A5 e 4 AR Q?mg’a AR Kk, S o2p a2k B discichliedh or 3} c

Of K%, ooarhnSL AR PhP AIAEDS [0SR0 GOREESABRRLIEL Bl e?S§ e

anahyzer. Sﬁﬂﬁi‘ sfitaYibhYthE I‘c@ﬂ?«g@ﬁ? tér%lﬁq\qat&‘?altvﬂﬁa? sO [!@?s @E ;(5'5" netic
phot I on

ener gy of ectron er cent rent

el egent s - i NnmbREypRAMY feqe 'l}ﬂlnaﬂﬁ' (taf' L] §;ﬂu@.%tl€l?6d1 e ﬂ?&ﬂ c per Cent

conposition at a sanple surface, information for the conposition of a

sanpl e throughdhiie icira "Warlahaamusireless ehilamnaeh hyplidapishgPiadiiibdalg. | n

that case, the sanple material is sputtered away increnentally using inert

| on such aulermicelyriguespwhergcthe isvhstrategtamperipee dneing spplicatiopof ther ned.
refers to a technique conmonly used to

term"XRD',K (X-ray fractjon
zéur e cr y@t"am F‘hé"“&?ﬁ%"rﬂ”ﬁ?‘} ghput \);f/ﬁ@r “EitA abawt 438 Yn over particul ar

Wa\f?' engths is plahe térm "XPS" refers to X-ray Photoelectron Spectroscopy (also known as

13 ESCA (Electron Spectroscopy for Chemical Analysis), an analyucal techmque wherein
14 - a beam of k—ray is illuminated onto a safnplé. Photoelectrons, characteristic of the

15 sample elemental composition and corresponding binding energy of each element, are

16 ~ emitted which are detected by an electron energy analyéer. Sensitivity factors a.re

17 used to trnnsforh the mcasuréd kinetic energy of photoelectrons into atomic percent

18~ composition of diffcrent elements in the sample. In addition to _detecﬁng atomic

19 percent qombosition-al a sample surface, information for the compositiqn of a sample

20 throughout its thickness can be obtained by depth profiling. In that case, the sample

21 malerial is sputtered away incrementally uéing inért ions such as argoh ions. At each

n . increment, XPQ analysis is performed.

23 ' " The term "XRD" (X-ray Dll’fractlon) refers to a technique commonly used to

24 measurc cryslalline orientation, wherein radiation over particular wavelengths is passed

25 through the material to be characterized, and the diffraction of the radiation, caused by

26 the material through which it passes; is rrieasure_d. ‘A map is created which shows the

27 diffraction pattern, and the crystal orientation is calculated based on this map.

i iiiilﬁiii’in lfil



through the material to be characterized, and the diffra
radi ation, caused by the material through which it bR ge St
nep is created which shows the diffraction pattern, |
orientation is cal cul ated based on this map. T
&L? ﬁN APPARATUS FOR PRACTI CI NG THE | NVENTI ON A process systemin

| t ) present invention may | i E ’
Apﬁl?‘f“én&?le\i/-&%%mg'sm\q rrllicz:& (Santa Clara, Califor niiggs)' ql&E(r'il’géSrgg/Eaeﬂr)ﬁb Il:ﬁlt’,gg?ealgtljus
Processing System This process systemis not specifically shown in the
Figures, however, the processing elenents shown in Figure 1 can be
operated within one of the |ow pressure process chanbers contained within

sugh an I ntegratedPr ' Spﬁ# o - { RRNIT descri bed i
Ung]ed St ates Paterllﬁsﬂﬁgéﬁg%& T?R aggh%ﬁgg{ésg%%g Iﬁhe‘dirs@gld-osur es of "
whisch are incor popRkad sPiteraGh IIREE the MEthod bEHIRS Frasent ivenfio Hiag bk, cadried | ow
pressure process chanber for formng the snooth-surfaced, low  resistivity,
titgani um nitir isdRe Bpplied Mataints; Tnd. (Sérea Mars.cdslifomidntindnra@rpitegrated st andar d
sputter magnet 110 (to confine the sputtering plasma, enabling an increased
SpUt t elrl ngIPrfrc&sw)g S.mtl)lc'a- Jhig precess gystemde not snepdisally showminthediguigtes at
power |evels up to about . 24 KW - . VPLE E - . f h

Ti /6Ti N/ Ti Nheweyerpihie mregessing glements shoyp dn Figyre,d %'P%e‘?ﬂerqt?ﬂ/gﬁ%ﬁbﬁ&rg% {né®
titani umtarget cathode of about 14.inches. (35 5 i i r sed,
agc? ? ngWSBTh FeSHUE PERFGRS e STW“E'"&C@[ ‘Hﬁ@@ Sg\g/lé?" g’%ﬁ’ﬁg&é‘%@gﬁgggoﬁ%&ﬁ kWto
al : e. su . ngr,i | ' lanmet er

si I'i con vvafrg? ,sy%? 'g?‘g%@%g%&&%lbgﬁanceqﬁffl&g%@{l}ts &g?é@%ﬁﬁ&fi&(&i‘?ﬁ%@f rom
target cat @%ﬁ,ﬂ?ﬁ,zthe'%ﬁg&l&hreg%'F%\'/Iﬁéh are incorporated by reference. With reference to

10 Figufe 1, one low pressure process chamber for forming the smooth-surfaced, low

11 resistivity, titanium nitride barrier layer of the present invention employs a standard

12 sputter magnet 110 (to confine the sputtering plasma, ena.tiling an increased sputtering

13 rate) and a sputtering target cathode 112 which operates at power levels ui) to about

14 24 kW. |

15 | EXAMPLE ONE . |

16 _ To form the Ti/TiN/T iN, barrier layer struéture of lhé présent invention, a

17 titanium target cathode of about 14 inches (35.5 cm) in diameter was hsed, and a DC

18 power was applied to this cathode over a range from about 4 kW to about 8 kW. The

19 ‘substrate 118, comprising an 8 inch (20.3 cm) diameter silicon wafer, was placed a

20 - distance of aﬁoul 5.5 inches (14 cm) frorﬁ target cathode 112. A high density,

21 inductively coupled RF plasrha was ge_nerated in the region between the target cathode

N 112 and the substrate 118 by épplying RF power 116 over a range from about 100

23 kI1z to about 60 Mz (preferably about 2 MHz), at a wattage ranging from about 0.5

24 kW to about 6 kW ( preferably ranging from about 1.5 kW to about 4 kW), to a coil
25 114 i\aving at least one turn up to.abbut 10 turns (preferably from about 1 to 3 .tums).

26 : Typically the coil is fabricated from metal tubing which permits water cooling, and

12 This Sheet Has Been Replaced"
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|nduct|vel y coupled RF plasma was generated in.t t he
~target cathode. 1 12 and the substrate 118 by a meBr&-!BRIF[MS]BEE%V»er 116
ogver a range from about 100 kHz to about 60 Mz (prefpgppitaD about] 2 MHz),
at a wattage raEgl ng fromabout 0.5 kWto about ' rangi ng
out 4 kW, to a coil e t
t{@g?eg ctk%&g tmg preferably from about 1 to[%ﬁ:%‘ts?%ﬂ?ﬂ No Egt’]ggﬁgysﬁys
COI | is fabricated fromnetal tubing which permts water cooling, and

-13 - h i
cén be faﬂigfrsﬁ 'g‘éF%g'F‘gfg{hog{gﬁggf“%rm#% I nChB&g‘égﬁg\%%ng\\;ﬁl fghﬂﬁq’%‘& gg!sl t he
depired TUns ;,gp%et%gg{bb%@,g? r Abr r@%%ﬂgﬁpmﬂ&m 89411%{349&&%6%&1&1@14% get

a su rate bl as voltage rangl ng

t 03 about  <308un¥el piRinid F'ergm Wet@péﬂ-lfhe 3ety 12 A ﬁ%@drﬁt@q 180 Typfcafiybat r at e

118 or the support rrenber 120 to create a D.C. self bias which attracts
i aps fr omsiibirald BiasRoltapetringing hidhi alte about -300 V BIG, hmfghbtyhﬁmm 0 W.ed
apparatus for formng the titanium nitride barrier layer wuses a coil to
i réluct i veliy appliedite thdrsubstratsrid 8awdhe suppeet meémberpi A0t torczeateratld . a¢lf biasher
means for ionizing the titaniumare contenpl ated. For exanple, an ECR
sdur ce, suwdfich aktractsdonssfromvthe plasmade theonbsirate.U. S. Patent No. 4, 911, 814,

i ncorporated herein by reference, or a helicon type coy evj ce such
as’ t hat shown |/Hﬂl91!§1 theprgferrediapparatus for foyming ﬂ@dﬁ%&l‘@t‘@gl‘#&*’éﬁﬁ ﬂ@ :

f

bﬁs?ﬁé&@ééﬁﬁ G B i B, SR PSRy 30080

| lze e

rict oo TRETT (eRriEy ﬁm“?%%ﬁfgha‘% RfiehBRlATING AlmR, 8‘2 "%‘ﬂ‘ DB e
tygani um. gt h%h%hd%@é‘cribe&"ni’-% Alert N 4001 1V8 14D irlcBfiorMed RkdefrPBEn to form

t| taniumnitride are preferably fornmed using sputtering techniques, other
means for BreAdids dith hélicanit ccﬁfpﬂﬁ@ davite bt Anhhtashedm indy.SePaent Not i t ani um
evaporation t echni ques, such as the technique described in U S. Patent No.
41944, 961 4,990,209 didoFioigicdrbtrein by refeeate, akd alyo specifically contemplated.

13 Likewise other apparatus which would supply an ionized stream of deposition particles

14 - having an jonized percentage of 10 to 100 % are contemplated as being useful to

15 : practice the invention. Although the preferred apparatus for forming the titanium

16 atoms which are ionized and reacted with ionized nitrogen to form titanium nitride are

17 pieferably formed using spuftering techniques,- other means for produciﬁg titanium

18 _ atbms are .contemplated. For example titanium evaporation techniques, such as. the

19 technique described in U.S. Patént No. 4,944,961 .for vaporizing metal or metal alloy

20 in a crucible, incorporated herein by referehce, are also specifically contemplated.

21 _

22 | 1. THE STRUCTURE |

23 _ OF THE (Ti or TiN,)/TiN/TiN, BARRIER LAYER

24 : o

25 . We have been able to create a smooth titanium nitride-comprising barrier layer

26 which has beén shown to enable electrical contact fabrication in vias, through holes,

27 and trenches of integrated circuits having a feature siz_e as small as about 0.25 micron,

28 having an aspect ratio of about 5 : 1 and gfe_ater. The smooth barrier layer of the
/.
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in a crucible, incorporated herein by ref er ence, u.au |
~cont enpl at ed. ' I Té%ﬁb@% E Y
COF.THE (Ti or TiNerr])/ TiNTi N err] BARR ER LAY R REPLAGR® have |been
able to create a snooth titaniumnitride-conprisingbarrier layer which
haﬁn@ﬁ@? [ﬁ&?WN&OAW@Mse el ectrical contact fadrs EhieadMdil NbAEH784847480US
hol'es, “and trenches of integrated circuits having a feature size as small
as about 0.25 micron, having an aspect ratio of about 5 1 and greater.
Th? snoot h. b

mv%t{o'neﬁn L&Kﬁ&n 9; pérnﬁttmg the formation of a- conductwe cont'tct atnh% ti ' :
Invéntion, in

adé' tion tgsge&pr 6%%@2'&'@5 Wﬁs‘i@{ bfeCHhRhGREMAE ﬂh&@m@patfﬁﬁtonaﬁetmﬁh

aspect rati usion barrier ‘which prevents t

i nger - di ff 4Rl déeeiell \Weftact haerifll ek hé aRimif@fitand tanndideyiak ssmid@ndﬁct&* um num
and an underlying sem conductor substrate material such as silicon.

Thg snoot hsibstrate anaterigl esucls bg sititer.e conpri ses a stack of three layers. In
the nore preferred enbodinent, the first |ayer (applied directly over an
underlying sub%he ameott harierslayer| stwgwrwompmse&@rst EQfé;“‘epéaX% HéB‘G& ted

tit T Th d |

i Lﬁ?ﬁé‘;;‘sf ot p:qfém?eam‘i«i’é‘nd@mp%é?r{emf&'y&mép o dircaty e e ané)ier the
secon a - d | ;

of Tthe | J%ﬁbsg‘aé.sﬁ&x B BiFabBLE e Rl s B RFRe L ATRETR By TH0MB0Bh ¢ o6
titanium Prefer

w t'h esse yF'éIaW %Yeéﬁ?e ﬁés?lléﬂr‘lll %;h %}Bﬁ%dgﬁég@ngtﬁém@ture ﬂal o
reguce t h ﬁ%ﬁ@ﬁéda{;) vérQhe &34 uager G ah 'Aeh-dipdsRéd iays.u RS Awiiré fharar m

al um num sequent |y eposited upon it, I S necessary to

coptrol t h@orﬁbos‘iﬁ’cﬂ{ 8Nthedhydr VarigsfromCaboat 50 pnisye mtamﬂih&o @pbutnHi0 aiomimnt ent
of the TiN[err] layer will depend on whether the application is for a

horli zont al % tientlinet iPvefetablyethe eitardah concdntratién i a ggidaenhbgmmngemth rati o via.
A high aspect ratio via requires a higher Ti content in the Ti N[err] | ayer
t 012pr ovi de efsentidllyestoichiometric TiN and progressing toward pure Ti. To reduce the

13 potential for reaction of the TiN, surface with warm aluminum which i is sgbsequently
14 deposited upon it, it is necessary to_coﬁtrol the Ti content at the surface of the layer.
15 The optimal Ti content of the TiN, layer will depend on whether the application is for
16 a horizontal, coriductive interconnect or for filling a high aspect ratio via. A high
17 aspect ratio via requires a higher Tl content in the TiN, layer to provide for the |
18 thermodynamic attraction of aluminum ﬁll into the via. I-Iowever too high a Ti-
19 content results in the production of Ti Al , “which negatlvely impacts device
20 perférmahce. We have discovered that for high aspect ratio via applications, where
21 the TiN, layer titanium content is a gradient from an atomic concentration of about
22 . 50% toward an atomic con(.:en.tration of 100% Ti, a Ti upper surface thickness of less.
23 than about 15 A is insufficient to draw the warm aluminum into the via m a manner
24 which provides complete fill of the via, whlle a pure Ti upper surface thickness of
25 more than about 300 A results in the formation of harmful amounts of TiAl ,.
26 An electrical contact or coﬁductive layer is applied over the smooth barrier
27 layer structure. Although the contact or condubtive layér dcscfibcd herein is
N ————
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t her modynanmi ¢ attraction of alum numfil | into the via.. However, too hi g.h a

Ti content results in the production of Ti Al [errf m$| n | -
i mpact s -devi ce perfornmance. W have di-scovered tka-{ oﬁtﬁiﬁﬁﬁgﬂt ratio
via applications, where the TiNerr] layer titanilumco £ Ds a gnfadi ent
froman atom c concentration of about 50% toward an atom c concentration of
1008rity DBCKEl NEPREVI-IRORT ace thickness of |ess U.S.hEﬁpéﬁqwailWo."ﬁl'l’?‘_’ASA?}]SlUS
insufficient to draw.the warm alum numinto the via in a nmanner whic

provi des conplete fill of the via, while a pure Ti upper surface thickness

i Lor ) ROyt Bobyi: ol Rl e R oRlultRE Tabler 8V BT
ovgr the iRl BRI SodffiicP ldydf iicRure el helchf. TReIEh o conduct i ve
cribed S - alum a

| ayer des erein | num cont ai ni n ut 0.5% by
wesg ght  copp@ialloptdpbic Eomiii 6 a\sabstghidttiyadpplib® 88hddctivé hateriab andltst he smoot h
barrier layer structure described herein. The {111} crystall ographic

codit ent ofrclesiving eqo datakljusedpisingdhe omshieptsi descritetidreraih. AVih irégard & vanhi vity
can be adjusted using the concepts described herein. Wth regard to warm
“al &mi num alweingme e preferedinmhodiment of thindisclasure; thealeminumecan berpppliadcan be
applied wusjng t hod o{]her t han sputtering, sucr} as evaporatjon, for
ex@npl e. Afingnpethads,ptperythap spwiering SHCR A ey RRAFAERT, %ro??@"'ﬁg?faﬁt“a'@ég in via

nohever - apalia iRl RRuRarge st GRS b leEad AR | o (ne
| oSt eXPSRlot e TEAAIRa, APPYsCMEAR: S8eld AR T Weh 5 Gt ©

tradition y sputtere um nunm  a as’ war m al dm*num

t egrper at une AP Sined f”ﬁge %ni‘h@l?éﬂsﬁ e%g sib € eltodt e z@?ﬁ&hioﬂﬁ?} W dibfdnunPy ef er ably

the alumnumis app at redu pressures ngi ng fromgreater than
apput- 0.5 with Wépak® taladitiondlly sphitered @l@hiatimy apslicdegnvahOauminiil (87 a30 n,
and nore preferably between about | nil and 4 nil. The al um num t hi ckness
debends onemperatapptangal from about 350 °€i tgbeut24 ¥hM)s peefarablyrthe ialuntihum isr ench
or via 213 containing the smooth ‘barrier |layer structure 200 of the
pt2sent i rapplied drredikied pressurcs oanginzofiomvegredten thanl abentD.§ et up el @bowr50

substrate conprising. a silicon base 210 havi ng an overl Yi ng silicon
13 mT, preferably between about 1 mT and 30 mT, and more preferably between about 1

14 | mT and 4 mT. The aluminum thickness depends on the application.

IS. _ | Figure 2 shows a schematic of a trench or via 213 éontaining the smooth

16 barrier layer structure 200 of the preseht invention. The structure 200 was formed on
17 a semiconductor substrate comprising a silicon bas_e 210 having an ovérlying silicon

18 dioxide layer 211. The via or trench 213 was created by dry etching through the |
19 silicon dioxide layer 211 to silicon base 210. .Str_ucture 200 comprised ihree layers:
20 ~ Ti/TiN/TiN,. The first layer.of titanium was ibn—deposilibh sputtered

21 upon the surface of both silicon dioxide layer 211 and silicon base 210; a second layer
22 of r-ea'ctivc ion-deposilion sputtered titanium nitride layer 214 was d_epositéd overlying
23 first titanium layer 212; and a third ion-deposition sputtered titanium nitride- |

24 | comprising layer 216 was deposited overlying titanium nitride layer 214. (Upon ion-
25 spultering of titanium layer 212, a thin 'Iayer of titanium silicide 2_?.4'is typically

26 formed at the bottom of vi;l 213 upoh high temperature annealing). Structure 200 was
27 then ﬁlléd with a conductive layer 219. 'f'he aspeét ratio of via or trench 213 was és
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di oxi de | ayer 211. The via or trench 213 was created by dry etching t hr ough
the silicon dioxide |layer 211 to silicon base ¥ WS epeEp0} conpri sed
three layers: Ti/TiNTiNerr]. The first |ayer éfﬂls gr%{??@ms '_ '

i on-deposition sputtered -upon the surface of hoth si LA h-dioxi-de | ayer

21 oLk e18080; a second | ayer of rqaQt ¥Srek by 1US
&p‘%‘tt(?rgfgyegjoﬂqtﬁmfwﬁll%i de | ayer 214 was depog"lﬁt ed @\?e%ﬁgg&%ﬁr@?ﬁsﬁ%%r}{ um
| ayer 212; and a third ion-deposition sputtered titaniumnitride-

Cobon o ik & e 9F APRkT, £247 oo 228 Ml bl 20

sibicide .k St £09F990 Hei : iiba 213 upon high
te?rperat uf%ﬁa?lhgg?(%ééweéfl%ﬁct urgq)%g‘gﬁgg%%‘ﬁ@ﬁp{)ﬁjl‘gd wi th a conductive
llayer 219. The ARpfR&mvMs ttaddionall sphittdréEifdh 2 Sductive 20D at a substrate

-16 - illustrated by the ratio of dinmension 222 to di nension 220, and was
appr oxi mat @myperatifte of abouttI00tI% M seamsinstaneds, 2 26ldoatiminuap pucledtivatlayer 0. 25
[err]. Alumi numwas traditionally sputtered upon a structure 200 at

a Subst r at was depopitedaatusubstoite tepgperat@es of abauit GO YChpdomte deposition of thea col d

al um num nucl eation | ayer was deposited at substrate tenperatures of about
506[ er r ] C 1¢madning slumipaniat 586, °6f 1o therimproweyl surfage enrthesidswall péthg . Due
to_the inproved surface on the, sidewall, of the arrier |ayer structure 200
WhTch was AatiE 1Uer SYGRgS PR WEohiaioed it M Wi ae @it HBGy uso
cold al um pum nucl eat i ayer. sq that,onl ne alunin L

ch8nber wa¥® Ngﬁ‘ggosg?eyc.(’?‘gﬂb‘f'ﬁg?@ 'Wé?ﬁﬁ‘%ﬂ lﬁﬁrmyﬁ?v?h gf)%lsyi ?eo%mg\?'g‘{r?'?ge{’%sﬁgoenr ature
ragging fr 'k . t 1tiBR OIPEa tGRsritbe  Wen the
spgci alize a?%@ig%géag?' ]srt%lh%f 8@@“?&#@?@%@§Pesent ?Elyentrihon i's used,
ajpurther BRERbIftorRfabSitd50 dCLd abot ¥50 ACHRE4AS FiaSibRY, | Whed lth® Spedialigedium i s
obt ai ned. Further, particularly high aspect ratio vias can be filled.
EXAVPLE: TVEarrier layer stiet@® 60 bf i gresent fivenfion is wd,t hfurthien bedefit @f thigh

crystal |l ographic {111} content was sufficiently high to prevent

eligct r oni g{ Hitli} anystdlgraphicuarientationfalarhinuii isTobiifed\] Euntlier, paxticulanly higher 200
was adj usted as fol |l ows. The thickness of the first |layer 212 of .

i dA- deposi espeet rsppoiviagrcen bifilleds about 300 A; the thickness of the second

| ayer 214 of reactive ion-deposition sputtered TiN
14 EXAMPLE TWO: .

15 - "To obtain an aluminum fill of lhé via where the crystallographic {111} content

16 was sufficiently high to prevent electromigration, the structure of the Ti/TiN/TiN,

17 barrier layer 200 was adjusted as follows. ; |

18 The thickness of the first layer 212 of ion-deposition sputtered Ti was about
19 300 A; the thickness of the second layer 214 of reactive ion-deposition sputtered TiN

20 - was about 250 A; and the thickhess of the third layer 216 of reactive ion-deposition

2-1 spﬁttered TiN, was about 250 A . The composition of the TiN, layer 216 ranged from

22 50 atomic % Ti initially to towal;d about 100 atomic % Ti toward the surface of layer
23 26 . |

24 o Aluminum was sputtered ovér the surface of via 213 using traditional

25 sputtering, at a temperature of about 400 °C and at a pressure of about 2 mT.

26 _ The {111} crystallographic content of the aluminum fill was ailiout 100 % (no

27 200 was observed on the XRD curve). Further, the reflectivity of the aluminum

I ——————
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was about 250 {err]; | and the thickness. of the thi rc‘ ; tive

i on-deposition sputtered TiNerr] was about 250 A|.T & ﬁ Jof the
TiN[err]- layer 216 ranged from 50 atonmic % Ti init|iallyREBLAGHar d_albout
100 atomic % Ti toward the surface of layer 216. Al 'um num was
sputtered over the surface of via 213 using traditional Sputtering, at a

t eppefRYy Usckel NabAN-146%0 [err] C and at a pressyrse Mipread Wil ﬂoWEH734s47151 ke
{111} crystallographic content of the -alum numfill was about % (no
200 was observed on the XRD curve) Furt her, the reflect|V|ty_of the

al ym num o -17 - surface
was about j‘gb“'&/“’“" about l()()V\I/'t'h reference to Figures 3A through 3D, these
figures illustrgyg, tctr@re.?i«,%% Fig r¥§§Aftﬂfou§ﬁr3'ﬁ fdlééet Pasama% h‘t@'u{% RRD he

surface of a Ti/TINTIN arrier layer ‘overlying a I con oxi de
surdface.  curves forRGa Slubhing a[?h%dm el 32fadd B f oM/ THRITING IbdiFieh UagerPP! | ed
over the surface of a Ti/TiNTiNerr] barrier |ayer fabricated usi ng the
t edhni quesodmhing bdbit sibome oxidbendfacet he Ti first |ayer is about 100 A thick;
the Ti N second | ayer is about 800 A thick, and the TiNlerr] third layer is
abcut 150 A thi Ets"rcr% ipihecXBD eusieiP19 Srowarsr aluminym gpplieghevar dhe swrfase the

gﬁﬁ 'nSrt3§¥§ dtﬂela 5 barice e FARIEHER ssink e D BRIGHEFSRSrTabh oge,péﬁgrp[ Faiio
b h

\émugst rat eeﬁﬁuﬁ ‘E’éh{"‘g‘ir(r)r'gr‘ “‘a@ é tEtcgcg‘gU’eElthgM ‘H?’e’g%%t gqo gb‘g 3 mEI' ©

dugi g appj.CAN ?I“F@Iwerefiqﬂfﬂtf kﬁd}ﬁl\ﬁkﬁ}ée“ﬁg a,;rt(\é‘ésg‘cﬁnl.(ﬂnbm@ett’aﬁ.gﬁ a‘@'af E ?(r)ﬁgl

over the surfacé o ert| ayer using

sput t er i NgaRkicAichUdISthE Bhiick FARE iR Ie8 20fubstille WvaftPOlehpbfahire dPAbSGL 2

pressure of about 2 niI. The power ratio nentioned ‘above refers to the DC
paver appl 2601°C dutihg tisPatpliestiongoft excl ddyetti & DAPRIF Poweh Rafb (MivvBowérOratibe

1 ~ will be described in more detail subsequently) of about 3.3; a Bias to the substrate of
12 about 100 W; and a process chamber ptessure of about 3t) mT during application of
. 13 . each of the layers. = Warm aluminuin was sputtered over the surface of ttxe
14 TiI/TiN/TiN, lwarrter layer using traditional sputtering at a substrtnte temperature of
15 about 400 °C and at a pressure of about 2 mT. The power ratio mentioned above
16 ~ refers to the DC power applied to thé spultering target divided by the RF power to the
17 . ioniiing device (coil); an examplé would be 7 kW to the sputtering target and 2 kW .
8. to the RF coil, for a power ratio of 3.5. |
19 ' As indicated by XRD curve 310, with the Intensity of difftactiott in arbitrary
20 ' units indicated on the "y" axis and labeled "312“,.and 2 # (twice the angle of
21 incidcnce) indicated in degrees on the "x" axis and labeled "314", the crystal
22 -~ oricntation content of the aluminum incjudes both the desired {111} orientation 316
23 - and undesired {200} orientation 319 (shown enlarged at 318). The weak signal of the
24 '{l 11} orientation which produced a peak height of only about 3,000 is a further
25 indication of the more polycrystallirie nature of the vtarm deposited aluminum. The
26 presence of the undesired {200} orientation aluminum is attributed to the thickness of

27 - the TiN layer being 800 A.

i
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i oni zing device (coil); an exanple would be 7 kWto the sputtering target
and- 2 kW to the RF coil, for a power ratio of 3.p= . rdrcat ed by
XRD curve 310, with the Intensity of diffraction |AHE BHEFT 3 @E'Ert 5
indicated on the "y" axis and label ed "312", and P 0 (tRERLACtRe angle of
|nC|?erce) indicated in degrees on the "Xx" axis amgrapered 3147, the :
orystal., tihQn tent of the aluminumipg. ; eRgpst
{1ﬁlfr"57||2(%fltkg{]$§'nh§{1]é§ﬁgnd undesi red {200} origﬁ'g??(;&r??%%‘ ?Ehgmggsnfgrségg
at 318). The weak signal of the {111} orientation which produced a peak

hei ght of I bout ,3,.0Q0 | further.. Jd.ndi i ] :
po:‘ycr ygt alolni %eﬁﬁﬁfﬁ?@ 1%ﬁ1etjﬁ§D3%?ﬁ élie%gosr i"%’zgg{. %‘F‘h{ﬁ@ﬁl&%pqﬁo%?& %lhr(l:‘aé: eof t he
i‘%@' o0 BERFIY, BhicfRP 143t Rl s ihé RhluéLadsbitbddiokBORRer! ! he

| ayer _
the Ti fiisOtyEr BBibot 10A RIS theVEINSZRoA® layealsabalit 30 Anthiskp ahe d
over the surface ofy a Ti/TINTiNerr] barrier | agl,er fabri cat ed lusi ng the

t echni ques (FEFIN, ithied 18P ieabonh€SE A thivk. TThd pros¢ssicapditionsusdoduria®0 A t hi ck;

t he TiN second | ayer is about 250 A thick, and the TiNlerr] third |ayer is

?E(mh 150 [l'szrlc]llmmoE:R\ie brréer Jayse decludedrrisubissats (waka) temperjurerafabptat i on of
he harrier |ayer included a substrate (wafer) tenperat.ur f t 200

% egﬁr] C dlé_rﬂﬂ@j nbl;mgplw apnlicatiorypl @&bﬂamg/%ﬁé@d@% %kﬂﬁqef Pﬁag gf‘ about
.3; a Bias to the substrate o ut .100 apd r '

lor ssur te oﬁ“&d@di‘ié‘@’slffﬂ*e (HL?&]P%{QPZ% andiad og‘\%ss 8&%%@37%%8%? Otf*ﬂ)@“ggé mE
ayer structure. rm alum,n : h r )

;l_l I°Ti N ;l_l Nf'!é??ﬁ} ‘_'E%?F%H"iﬁg’f"f?"eWS)Q?‘?]E}“EQ‘?‘ g“dér? %gegasﬁ\églgﬂ%t gﬁﬁgﬁa‘gﬁ] ugf su%gt rate
ergoer at ur g kG r fusapOladi : i

As ndl__c'?t $@9%§&%é&r ve a%%:k v}&e?ﬁnﬁﬁéﬁﬁtﬁgﬁlgygfusdi ffédaltg‘t)rimgr?p liltﬁleéﬁngat ed

oo the "Y'y R%iissu@ltdempbaheg of 3Batit 408°¢ @hdlati aphicssaredl about RemTx" axi s and

| abel ed "324", the crystal orientation content of the alumi.numis |imted
toyt he desired {Akliddlicated by XRD curve 320, with the Intensity of diffraction indicated on

12 the "y" axis and labeled "322", and 2 0 indicated on the "x" axis and labeled "324",

13 _ the cryélaﬂ oricntation content of lh.e. aluminum is limited to the desired {fl 1} |

14 orientation, with none of the undesired {200} brientation (which would appear in

15 enlargemenl 328). The stronger signal of the {111} orientation, which produced.a

16 peak height of about 14,000, is a further indi(;alion of the higher degree of {111}

17 content in the warm deposited aluminum. - - |

18 - The barrier layer structure which enabled the deposition of the aluminum having the
19 XRD curve shown in Figure 3B is one of the more preferred embodiments of the

20 " present invention, |

'.il ' Figure 3C is the XRD curve .330 for warm aluminum épplied over the surface

22 of a Ti/TiN/TiN, barrier laye'r fabricated using the techniques described above, where
23 the Ti first layer is about 100 A thick; the TiN second layer is about 250 A thick, and

24 the TiN, third layer is abouf 150 A (hick. The process con_ditioné used during

25 fabrication of the barrier layer iﬁcluded a substrate (wafer) temperature of about-

26 400 °C during the application of each layer; a DC/RF. Power Ratio of about 3.3; a

27 Bias to the substrate of about 100 W; and a prdcess chamber pres.sure of about 30 mT
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orientation, with none of the undesired {200} orientation (which wuld
appear in enlargenent 328). The stronger signal Q@EE'F-HWS BEENDt at i on,
whi-ch pr.oduced a peak hei ght of about 14,000, is hEﬁ_AqEDdl catfon of

t he higher degree of {111} content in the warm depaosi a-t-om The
barrier layer structure which enabled the deposition of the al um num havi ng
t hadey Ddcker NhOAM-I180§-i gure 3B is one of theympmxpriseMudil . BR7I484MIS1BS
of the "present invention. - .Figure 3Cis the XRD curve 330 for warm
al um num applied over the surface of a Ti/TiNTiNerr] barrier |ayer

falri cat ed n T I
g dﬁﬁﬁ'&, Qfﬂmﬁnénﬁ&ﬂi\b%aﬂ g&sﬁﬂ‘ dh@‘iﬂn{’é?@{)f‘:tr) 3\39@\(2:%0 ?'P]d‘“ ﬂrﬁ‘a{ ayer

I s about 100 the Ti N se l ayer 1Is and

the Ti N[ er hs khiticred a0e2lthd Surfile@of the TifTENITING ma@.lier Ve Wiceaditiepdi tions

used. during fabrication of the barrier |ayef included a substrate (wafer)
t erBper at ur spuferiapauh sdbiirajectempératiire iofighdutet0aAE arehati Dpresfure af hbda\emT. a

DC/ RF Power Ratio of about 3.3; a Bias to the substrate of about 100 W and
a pProcess chanbds lp(ﬂlgzggcb by XﬁD &801gt 3399 with the Intensity of diffraction indicated on

-19 - d ' ;
g uctur?url B A ﬂt; et B2k i 2Ll e e ot 3% y i
abdut “400° %ﬁﬁrﬁmﬂ&“ ?oétcsﬁtﬁﬁie&'@%i&nibh& higfh BaRInE eswséeﬁﬁ cated by

curve t d Cy"oaxis
[ abel oot $56 Gt AR [200T orfehlathft 330 Ui riRpEaETEY e Y 22
cry;stal Or b AFinfly Wea EQ hansr ME (10F) SficHTABAWHH prd@Sceat Pedkht ! {111}
orientation 336 %ndqun esired {2051} (;I’I entati on %9 (sh O{\?\Ile’] e%l%{??efd&gy
338). The alut 3é/islan indiahticn hattheafegiceef{pblyickystlinttyteftthe alumibimtis pr oduced a
peak hei ght of only about 34, is an-indication that the degree of
pldIch ryst i’iklgl’lllr ncgrrlntfyf gtfhle; ﬂi(zjm rthatllfﬁthes alugx'&gm_} Eam mhlﬁsgr]:lgdeﬁtf‘egure Radn tl‘hgt isof the
alum num layer illustrated in Figure is is urt her ported by an
i ldr eased Putier puripgtied bmr\ntnn@eqszgmpalth«;nghtafor dha E010)aryialioricatation ff%ﬁloghe

al %m num Tlh ﬁueQ\rll?rrSu?\ﬂgme '?Ifle ;)rrégenlcj:g % ?1|1er Slgdeglggd()bO r}lo?{t]atn&ttllog ghﬁ'lulrju{pmngm s
13 | attributed to the 400 °C deposition temperature used for each of the three barrier
14 layers. | |
iS ' Figure 3D is the XRD curve 340 for warm aluminum applied over the surface
16 of a Ti/TiN/TiN, barrier layer fabricated using the techniques described above, where
17 the Ti first layer is about 300 A thick; the 'I.‘_iN second layer is about 250 A thfck, and
18 lhc TiN, third Iziycr is about 150 A thick. The process conditions used during |
19 fabrication of the barrier layer included a substrate (wafer) temperature of about
20 200 °C during the application of each layer;.a DC/RT Power Ratio of about 3.3; a
21 Bias to the substrate of about 100 W; and a process chamber pressure of about 30 mT
22 during application of the Ti and TiN layer, but With the process chamber pressure
23 reduced to about 10 mT during application of .the TiN, layer. Warm aluminum was
24  sputtered over the surface of the Ti/TiN/T iN,-( barrier layer using traditional sputtering
25 at a substrate temperature of about 400 °C and at a preséure of about 2 mT,
26 As indicated by XRD curve 340, with the Intensity of diffraction indicated on
27 the "y" axis and labeled "“342", and. 2 0 indicated on the "x" axis and labeled "344",
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al um num applied over the surface of a Ti/TiNTiNerr] REREAG r
_ fabr| cated using the techni ques descri bed above ere the Ti f| rst | ayer
el BRRedNbhARKIgsdIe Ti N second layer is glpyixpfal Mhail NoC i
‘IZ| N err] thi ?d | ayer i s about 150 A thick. The procxgss cor:dﬂol grﬁlsﬂggtc}ts L
during fabrication of the barrier |ayer included a substrate (wafer)

L oper 2t ur ol Qe B0 bl 1 AW oA AR BT 0T

DC/RF Power |oo ustra t 100W

a proc he Ti
and 5 R PoSAEERANRL iEREierelend B 62001 orlilfild @’“%*‘ S50 el 10"
mT 3duri ng gipdnisigémeént a@B4g)re ﬁiel\l[eﬁ{ Stkorlg2digral omerr{ﬂllq ArienttoRASwhithut t er ed
over the surface of the Ti/TiNTiNferr] barrier |ayer using traditional

sput t er i ngproducel % peakd heigle dfabpayr 20,0005 195 fadviastindiO&tidnesfr th€ highdr degree of
pressure of about 2 niT. As indicated by XRD curve 340,  with the
| ntdensity §i11di gontentin the war dazoedecbalunnm (ygnlammlyahmhttratbal eifaingdi for, and

2 Q indicated on t ' axi s and | abel ed, " 344
cefd the other pref%rred embodiment of the invention illustrated in rlggre 3B, where thg y st a

t at t ent | ted to the d
or ent at 1 onMagyekesdeposiadCat JLEK Ihe oy Hosb SyLelpreoRbish ORI n woul d

orfent at | ofirioR T F BRlindh gk ms KR Blnfe S8t in T 6D b ond Srlhe ntr
[ nqy cation of. H@I car‘lig%]ﬁs% t@%f?ﬁe #‘}}nﬁgﬁ‘}r@nt in the warm deposited

al um num (sign °f hat P'obt ai ne the other preferred

enfigodi ment of t PRk Qﬂ&dm‘afés'tﬁé l’b‘ﬂefzﬁ%%dfdrrihl%b SR BRr ARG TIETINITIN ©7 I ]

| ayer was deposited at barrier .| ayer structure whi ch enabl ed

t e ]gepﬁs sﬁumﬁte@ﬂestchbecakbmmnm tbﬁunmgxffehalt)ﬂ?[&:tﬁte[ vin sditicvlar, Ibang@ph d08D i s
one of the

attributed to the 400 [err] C deposition tenperatur t he
three barrier |ayers. Figure 3D is the X@sﬁ‘%ﬁd“ orgﬁl\zlxrgr m

12 shows the percent reflectivity (with Si as a reference) on the "y" axis, labeled "410".
13 Each bar on the "x" axis represents a different aluminum/Ti/TiN/Ti iN, structure.

14 Bar 412 shows the reflectivity of the aluminum layer for the

15 aluminum/Ti/TiN/TiN, structure illustrated in the XRD curve shown in Figure 3B.
16 | Bar 414 shows the reflectivity an aluminurﬁ layer deposited over a Ti/T iN/T iN,

17 | structure where the method used to produce the entire aluminum/Ti/TiN/TiN, structure
18 was the same as that used to produce the entire Figure 3B structure, but the thickness
19 . of the Ti layer is 300 A. Bar 416 shows the réﬂeétivity of the aluminum layer for the

- 20 '_ aluminum/Ti/TiN/TiN, structure illustrated in the Figure 3A XRD curve. And, Bar
21 418 shows the reflectivity of the aluminum layer for the aluminum/T i/ TiN/T iN,
22 structure illustfated iﬁ the Figure 3C XRD curve.
23 o _.Figure 4 illustrates that, in general, a highcr aluminum {111} crystal
24 | orientation correlates directly with increased aluminum reflectivity.
25 An even further improi/ement in re'ﬂectivit.y (and accompanying reduction in
26 | surface roughness of the aluminum layer) cah be obtained by alteﬁng the composition
27 gradient of the third layer TiN,. We have discoyered that by increasing the thickness
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nore preferred enbodi nents of the present. invent/on Eiguhe 4

illustrates the reflectivity for three of the f UTHIS| SHEERUHASTIBEEN N/ Ti N err]
structures described above and for one different{ stru®epLACFD n parfticul ar,

bar graph 400 shows the percent reflectivity (w s-a-reference) on
t h@trodhey I¥dcket NEPRMREZHSI10". - Each bar on the (1S, Gxpress Meil NoeBEHT34847151US
different alumnum Ti/TiNNTiNerr] structure.. Bar 412 shows the

reflectivity of the alum numlayer for the alumnum Ti/TiNTiNerr]

thucture | ' i ' il
stpucture Hhuﬁ-}u'}@t[‘?gih&ér?rl‘ &néérgﬁnfg?f the'ENEof ﬁﬁW“iNx”défpbﬂHBﬁ’ stp’ an ?ﬁi)rﬁéfteﬁhows

the reflectivity an er deposited over a Ti/ TIN Ti N err

stpuct ure RheiRCANE AR § Slodtheidsurfacd Stlfifurh 28n ®8lobfathed. In particular,
al um nunt TM]Ti N?Ti ﬁ[err] s?ruct'fjrec was the sanme as tkfat ll}spea(lj'n%uéarbroduce

thg entir erdfiegtivity WBs Hickéa8éd/ frem dbsut 21®% v s8oue 220 % fand berfade roayletess s 300
A. Bar 416 shows the reflectivity of the alum numlayer for the ,

al umi nunt TideTérMinedNisirg AFB)rwaes redaced| frara tabeteZ8 Antotdbout4ydc e 3A XRD curve.
And, Bar 418 shows the reflectivity of the al um num|ayer for the

al i num Ti / Ti NFigurgset A ands$B wenreseat XIRDY eurves fa wasm slummugy applied 040 cur ve.

LSS, AR b e

L even fur P oo ! C

e ace rodbARbe et R T dBdsfionay dnk tattir AT EATRA g e e, T
g; r§|) gz Ir teiag :ﬂﬁngé ?ﬂéeE%llligﬁeﬁgcgsgcﬁﬁéh.ra%ollé?.‘y Rl partibhiGt, "the th¥knB&VSr He THAVE Bferd NAL.

2 - Of 080U Gind! théﬂ’ﬂ{iéelg}‘eﬁ’se&mktséc&ah Fifelag&owsd 240'4 ifi dlgh RROSANT on

step, an inprovenent in-r ectivity and a shoot her-surfaced al um num can
beygobt ai ne@arriep 183RF< Werél depositet @it la@abitiitd lenyREatireGfabse200 Wrandatia 210 % to
about 220 % and sSurface roughness (determ ned using AFM was reduced from
abaut 78 Aptozesschaimbér pressure of 10 nFT.gures 5 A and 5B represent XRD curves
for warm al um num applied over the surface of a Ti/TiNTiNerr] barrier

| alzer s f abri cat &igure Shashows thi¢ XRD ewnve 150 dvwesn gluminum applied over the

13 - surface of the Ti/TiN/TiN, barrier layer where the TiN, deposition time was about 15
14 seconds, and the resulting thickness of the TiN, layer was about 180 A. The
15 - ~ diffraction Intensity is shown on the "y" axis and labeled "512"; and, 2 @ is indicated
16 on the "x" axis and labeled "514". Cur.vé 510 exhibits a strong {111} alumihum
17 crystal orieﬁtation peak 516 of about 28,000 in intensity and no detectable presehce of
18 ' {200} crystal orientation. The reflectivity for the aluminum surface is about 210 %
| 19 and the AFM surface roughness is about 78 A. | _
20 - Figure 5B shows the XRD curve 520 for warm éiuminum apblied over the
21 surface of the Ti/TiN/TiN, barrier layer where the TiN, deposition time was about 30
22 seconds, and the resultant thickness of the TiN, layer was about 360 A. Tﬁe |
23 diffraction Intensity is shown on the "y" axis and labeled "522"; and, 2 6 is indicated
24 on the "x" axis and labeled "524". Curve 520 exhibits a st"rong {111} aluminum
25 : cr’ysial orientation peak 526 of about.39,0(')'0 in intensity and no detectable presence of
26 ' {200} crystal orientation. The reflectivity for the aluminum surface.is about 220 %
27 and the AFM surface roughness is about 47 A.
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Ti at the end of the TiNerr], deposition. The barrier Iavpr structures
were fabricated using the techniques described abpTHIS BHEEilaHASCB&EM t he
thickness of the first Ti layer was 300 A and th¢ thi cmﬂfmggpf t he| second
Ti N | ayer was 250 A in each case. Al barrier |ayéers—were gepostted at a
S%%rﬁéyéo&lé‘e?w awrl%osf about 200 [err]C and(BS. Bxpressaolall N6 EWIBA847151US
pressure of 10 nil. Fi gure 5A shows the XRD curve 510 for warm

al um num applied over the surface of the Ti/TiNTiNerr] barrier |ayer
thre the TiN[err] deposi {y orﬂm mm%ﬁlﬁé?%l’ﬁﬁcﬁﬁlﬁwd& and the resulting
t hi. ckness of the T|N[err!) ayer _Wa 180 A he diffraction Intensity
i s2shown on the "y" axi SOEMBARRHZR LAYERS ANDALUMINUM j ndicated on the

" x" ?x: S a_nd | abel ed "5&4" 6Cu][v 510 exhl bits a strong {111} al um num
crystal orient on peak 51 b 2 d d

pr fsence of {%U}Ziﬂggﬁté‘{sa?‘ %h'glémaea&lfj’g?ﬁ’eﬁﬂqg’ofiﬂ??"é%é?eﬁgﬁ @P%E‘“t&gr aIeLrenCtmaJIlrjnI ©
surface iIs t % F

U1 208 SRl a0 ndniPheb DisBM LRGSR, ISUBAGRSioky HR0MIned S
susface ofynl RfembnfsTdHdwh i ﬁl[lﬁéﬁrk 1PREre! prsehBWAhin/GIRY 6F thE SovkiphsSarel pro&iaesi ti on

. {
time was a outn%%l secon and the resultant thickness of the Ti NX | ayer

wag about cHamhbérs chifiined! withiathe nﬂ%grafeerl%degsmg Sg&temn on the "y" axis and
| abel ed "522"; and, 2 [err] is indicated on the "x" axis and | abel ed
"524" . CurEXAMILEAMREL:S a strong {111} al um num crystal orientation peak
526 of about 39,000 in intensity and no detectable presence of 200}
cr§stal orient aTha)dnscﬂptmwwhicbdbilws pertains toribe Sahricationrof a FAGN/Til about 220
% and the AFM surface roughness is about 47 A

-29 - barrier layer over the surface of ¥ 0.25 featyneizecyia ,hmu[lg @mqsmt ratio of
O:0 BARRI ERablaﬁ\tYSEI?S AND ALUM NUM :
11 With reference to Figure 2, fhe via was created by dry ‘etching through the
12 silicon dioxide layer 211 to silicon base 21 0 Structure 200 compﬁsed three layers:
13 - TYTiN/TiN,. The first layer of Ti was ion-deposition sputtered (IMP sputtered) upoﬁ
14 " the surface of both silicon dioxide layer 211 and silicon base 210; a second layer of
15 reactive iop-deposition sputtered (reactive IMP sputtered) TiN layer 214 was deposited
- 16 overlying first titanium layer 212; and a third ion-deposition sputtered TiN, layer 216-
17 was deposited overlying titanium nitride layer 214. (Upon ion-Sputtering of titanium
18. ' layer 212, a thin layer of titanium silicide 224 is typically formed at the bottom of via
19 213 upon high temperatlire ahncaling).- Structure 200 was then filled with a |
20 conductive layer 219. | )
21 To obtain an ion-deposition sputteﬁng rate of about 700 A per rhinufe of Ti
22 ~ upon the surface of an 8 inch (20.3 cm) diameter substrate, 2 MHz (=2.5 kW) of RF
23 power was applied to coil 114 while 4 kW of DC power was applied to titanium
24 targef cathode 112, and a DC bias of about 100 Watts was applied to substrate platen
25 electrode 120. The Ti deposition was carried out at about 30 mT. This pressure |
26 corresponded to an argon feed rate of __abdut 65 scem. -The temperature on the
27 substraie surface Was about 200 °C.
22 s Sheet Has Been Replaced
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The apparatus in which the preferred enbodi nents d £ %\%‘ BEME e
fabricated was the Endura Integrated Processing Sy th '
described, and the elenents shown in Figure 1 wer LA ; e of
the | ow pressure process chanbers contained within e Integrated

PrAtasasy Pycldy NemMM-BOBVPLE THREE: ThéJ.8eExpriess Mar Nighi 734847 bHUS
pertains to the fabrication of a Ti/TiNTiNerr] barrier |ayer over the
surface of a 0.25 [err] feature size via having an aspect ratio of about
SH : WTdobtained asaetve nkdepogifior? sputfefing irate ias TIN efinbolitl25004k yeet chi ng
t hrough the silicon dioxide |layer 211 to silicon base 210. Structure 200
coppri sed minvecoverythe Fi firstildytr birfac| 2MHz (F6 KW) of RFposwer awasTipplied to

i on-deposition sputtered (I MP sputtered) upon the surface of both silicon
di ®xi de | agodlr2H1Wwhdend kdW|df O powsewad 8ppliedteddaniumageget cdthodec2i?, iand a

i on-deposition sputtered (reactive | MP sputtered) TiN |layer 214 was

defbosi t ed DEkiag gfi #hgmt 10Q Wattstviasi applied fasubstrate platen 8139%?31’1123%@‘%38& tion

fg er 214 depphin s At eh b IBRR T i PRESs cSfesbbddtd 8 i ki °0;
éanl um Sfele 18t aBdut! ﬁ) § 1?1' ald X:tlfogéﬂTge%SQ'Eteterqu])gﬁtt ?(PF%CQ’I meh% AéﬁédUpon

h terrper ure anneal i ruct ed wt
CO?dUCt ' V% i8ls Endira ® Inte(%;atea_ ProRELS i1 W@T&ﬁﬁé}ﬁﬂuﬁ Gl‘i'tlfeoéﬂbkﬁﬂtbng rate
bout per mnute upon the surface of an 8 inch (20.3 cm

d| grreter StpBkE Aa€ absutMdo “d.err]12.5 kW of RF power was applied to coil
114 while 4 kWof DC power was applied to titanium target cathode 112, and

a PC bias of abpeibbthiiDa Yéctise isnsdeppsitioe dpitteringlraterfor i) of about 6D@ Gk pade
120. The Ti deposition was carried out at about 30 mlI. This pressure

ca0r espondmihuteoupon Eheg'bhl fecentl layeresupfaceb thet prégess conditimewersrsst abithgse on t he
substrate surface was about 200 [err]C.

11 specified for the TiN second layer however at the beginning of the sputtering of the
12 TiN, layer, the flow of nitrogen gas to .the process chamber was discontinued. Since
13 ‘the titanium target becomes nitrided during the -TiN deposition, TiN contin__ues to be
14 _' produced for a hmlted time period after the nitrogen gas flow is dlscontmued
15 Typically, under the operational conditions specified with rcfercnce to the TiN
16 deposition, but with the flow of nitrogen gas to the chamber discontinued, the nitrided
17 ~ portion of the target is sputtered away within 5 to 10 seconds. The thicker the TiN
18 - second layer, the longer the time period beforé the nitrided portion of the target is .
19 sputtered away. In this particular instance, the TiN, layer deposition was carried out
20 for a period of about 15 seconds after the flow of nitrogen to the procéss ch_amber'was |
21 discontinued. | |
22 Subsequently an aluminum layer abbut 6,000 A thick was .sputtered upon the
23 via surface using traditional sputtering _téchniques, a substrate temperature of about
24 400 °C, and a pressure of about 2 mT. Complete via fill (with essentially no voids
25 evidenced in the photomicrographs) was achieved for the contact viaé using the

26 Ti/TiN/TiN, barrier/wetting layer fabricated as described above.
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=23 - To obtain a reactive ion-deposition : _
of about 250 A per minute over the Ti first layerl 8 $ rArE! 1 (ferr]2.5
kW of RF power was applied to coil 214 while 5 KW of BEP vk : '
to titaniumtarget cathode 212, and a DC bias of about 100 Watts was
anQtdragl DBcie R, NI gpBat en el ectrode 220. They §i Pkgleaosfall NG PRBMBATISRIS
aut at "about 30 mI. This pressure corresponded to an argon feed rate of
about 10 sccmand a nitrogen feed rate of about 70 sccmin the Applied

Maf eri al s Endura | ngegsate &% .e on the"
sq%strate surface méf E §§§g¥§ f[* fﬁéﬁ?ﬂﬁn@ﬁﬁUﬁﬁﬁﬁsﬁjﬁﬁia reactive

i Oh- deposition sputtering—rat 00 A per m nute upon
the Ti N second | ayer surface, the process conditions were set at those

specified for the TiN,secon [ ahowever Laning of the

spﬁt tering of tﬁg"“"ﬁ-,%lﬁ[ @?O(r{']gglég/léﬁ’,w %}%ea 'f"c?vx? ogﬁ% °ﬁ%‘?’$o°§§ﬁe Qgge g %'%[eﬁiay%Fsoc ess

chanber ' | tordl ' ¥ L@ \ : 4 Sk

QUFi gt nas AR ED R RS tor (fEgh (RETH, P I WO PO RO 8 i e

pesi od af tthén tHeeTiNfidst RYENwHiRA liek @Wr & sillico® oRide Bbdrate, Typi cal |y, under the

operational conditions specified wwth reference to the TiN deposition, but.

wiéh the flow dbraph t610ghownds Figuré BA itlbstrates thelicompaosition ofi thet pagticilar | ded.

. portion of the target is sputtered away within 5 to 10 seconds. The thicker
the TiN dacierdayexyasithe tayers| ave gputterddeawayndunpeg the KIS amalyticah pracess: i| Thel

portion of the target is sputtered away. In this particular instance, the

Ti% err] |agraic cpanesitiond thematesial being spettergdypsing pegondansois rgpgsentadoneconds

rocess chanber_was discontinued

f h | f. ni ‘the,

Su greqﬂfeﬁttfl‘*yggng’a%ﬂhéc{\o e%n%é}l + agd o BoBBOPRCTY; Ao s 16 e pbiigbn ¢ he
t . . 1] . n |h . p [

 fipor at origossE® RopieRteiy” o s, I8 s EE S 35 ol "BV 16, 1

Via fill (u i ; . . < .
alfi evea rhrenERETBnick: B o SRR o, (FE. BIPEOREABIRENTD) Jves
| gyer fabrdoa@htef @R 184S Weirlpeshal2ed. Curve 620 represents oxygen which is an artifact '

13 from cratering of the substrate during the analytical process sputtering. Curve, 622
14 represents silicon which is also an artifact of the analytical technique.
15 .Graph 610 is representative of a b_arrier layer having a Ti thickness of about
16 100 A;a TiN thickness of about 250 A, and a TiN, thickness of about 100 A, where
17 .- the TiN, layer deposition was continued for a period of about 8 seconds after the flow
18 of nitrogen gas flow to the deposition process chamber was shut off. =~
19 . Graph 630 showﬁ in Figure 6B illustraté_s the composition of a secénd barrier
20 layer structure determined using the analytical technique described with reference to |
21 Figure 6A.. The atomic compositioﬁ of tﬁe layer being analyzed is represented on the
22 "y" axis, labeled as "632" and is in atomic percent. The time i_nto the analytical
23 process is presented on the "x" axis, labeled as "634" and is in seconds. Curve 6.3.6
24 - represents the Ti content of the layer béiﬁg analyzed, and Curve 638 represents the' N
' 25 | content of the .laycr beihg -analyzed. Curve 640 represents qugén artifact and Curve
26 - 642 represents the silicon artifact. |
27 | Graph 630 is representative of a barrier layer haVing aTi thickh_ess_'of aboui_
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-24 - V. THE COVPOSI- TI ON OF | NDI . e B
| N THE BARRI ER LAYER STRUCTURE Fi gures 6AHIS:SHEER HA8 BERMA t he
atom c conposition of the three barrier layers &s anaRW.tAﬂElDrom t he top,
through the TiNJerr] third |ayer, then the Ti N secon ; hen t he
T| oh?e:y s over a silicon oxide

Ad lll):lé%kgf %Qq\?-lllhggt rates the conpositi onlg%lb‘?%é%yﬂl yl.? ZEH?%??@?I%O
Iayer as the layers are sputtered avvay during the XPS anal ytical process.

atom nm | flons is

Fogr cent eaO AT kol SO B0 1 anb S, TRMEASL SF bl I K. gﬁﬁesm |
'Th time i I Iabeled
"614" and :ai&{ﬁ\hgegé?adgéaél@ wa?é%ﬁ%ﬁmﬁrglggrftg igﬁ“ hﬁ&%ﬂ{* &ﬁen Iayer
beinng anal ygefoRHf Mitdbged fadlo ilRPdposiibR pldt‘ésd\l:haﬁ%l- Qnk skt dt’f‘e | ayer bei ng
anal yzed. Curve 620 represents oxygen which is an artifact fromcratering
of 4 he substrat &Grapl 65@ slidven #nBigyte 6C fillystrates slte eqipdsitionnef. a thirdviearrie22
represents silicon which is also an artifact of the anal ytical technique.

G dph 610 ilayer stpucturgrdetarminedassing thaanalytical 4gchniqug\deseribed With refesenessto of
about 100 [err]; .a Ti N thickness of about 250 A, and a _TiNerr] thickness
of Gabout 1E6EuEE 6neThe @qeeucrpmmm ol dayer ibsing,anslyvzedh is repeegented on ther i od

s chafuieieh 407 ans ' S SRS 8t o e et |1 "

| lustrat th . . ' i d
usithg ¢ e’ FHEE FaR sepls 8 exCatS ipde B fo5 apt Y RLartbidt” e 56 he
at g c conp gge&aeg@ngggn @a(f%e @gepseﬁg% aﬁd%ﬂl@@f’f‘l‘%‘ijes‘&ﬂthttl?@N y"

axi's, | abel IS 1n atom c-per ent time |

angpj yti cal cBhteMEstSthe JayRk esie@taedlyeeu t BRrveX660¢pieseritbR}gRf artfacOal Cane i s | n
seconds. Curve 636 represents the Ti content of the layer being anal yzed, -

anfl Curve @83 réprescasethé silicbe aftifagtont ent of t'he | ayer being analyzed. Curve
640 represents oxygen artifact and Curve 642 represents the silicon

~arld fact. Gragih éﬁﬂlimﬁreismtatbprmfaehareiet layenhavinga Tii ithickhesy of abaiti ng a
Ti thickness of about

13 200 A; a TiN thickness of about 250 A, and a TiN, thickness of about 250 A, where
14 ~ the TIN layer deposmon was continued for a period of about 20 seconds after the
15 | flow of nitrogen gas to the deposition process chamber was shut off. _'
16 These structures are obtainable in a smgle process chamber, usmg a smgle Ti
17 sputtering target, and can be fabrlcated in a continuous process. The simplicity of
18 ' producmg such barrier layer structures, combmed with the excellent functionality of
19 - the barrier layers makes them especlally attractlve for semiconductor dev1ce
20 | _ fabrication. In particular, using the barrier layer structures and the fabrication
21 methods disclosed herein enables the foﬁnatio_n of aluminum-comprising layers having
22 high aluminum {111} crystal orientdtion which reduces electromigretion problems.
23 Further, using the barrier layer slructures and the fabrication methods disclosed herein
24 enables the formation of high reflectivity aluminum-comprising layers which are
25 useful in lithographic indexing. - | |
26 - The above described preferred embodi.ments are not intellded to limit the scope

/
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- -25 - 200 A; a Ti N thickness of about 500 A, and jarphs el HAD iBERRgSS of
about 100 A, where the TiNerr] |ayer deposition S ag?EP K(&@ti nued for a
peri od of about 8 seconds after the flow of nitrogen.ga -_k e—depasition
process chanber was shut off. G aph 650 shown in Figure 6C

il t . C adion of a third barrieryl ¢ en !
USfxﬁgh{eﬂeﬁ%hgm?i §§? (??d()a%:hni que described with lrjé g%r F]e}é I\}[l'égf er(—)i ngﬁég%ﬁ‘ﬁﬁ’g
atom c conposition of the |layer being analyzed is represented on the "y
axi.s, | abel as_"652" and is in_afomc.percent. The ti into th :
andiyei carof fhedReest e, of obf SGHET HEHR I ER in WeStd BF el iffionys | ¢

i Nyseconds (Y L Qf c . hel. -
anglyzed, gﬂ%“§§§9§3@8@£?%§§§§Eﬁ?ﬁgﬁﬁgVﬁﬁﬁgﬁﬁﬂh?aGPh?ﬁéhﬁ§§@nggﬁﬁg

anal yzed. glimN& 640w! epresent s -oxygen artifact and Curve 662 represents
the silicon artifact. . Graph 650 is representative of a barrier |ayer
having a Ti thickness of about 200 A, a Ti N thickness of about 250 A, and
a TiNferr] thickness of about 250 [err], where the TiNerr] |ayer

. deposition was continued for a period of about 20 seconds after the flow of
nitrogen gas to the deposition process chanber was shut off. - These
-structures are obtainable in a single process chanber, using a single Ti
sputtering target, and can be fabricated in a continuous process. The -
simplicity of producing such barrier |layer structures, conbined with the
excel lent functionality of the barrier |ayers makes them especially
attractive for sem conductor device fabrication. In particular, using the
barrier layer structures and the fabrication nethods disclosed herein
enabl es the formation of alum numconprising |ayers having high al um num
{111} crystal orientation which reduces el ectrom gration problens.
Further, using the barrier layer structures and the fabrication nethods

di scl osed herein enables the formation of high reflectivity

al um num conprising | ayers which are wuseful in |ithographic indexing.

The ‘above described preferred . enbodinents are not intended to limt the
scope _ -26 - of the present
invention, as one skilled in the art can, in view of the present disclosure
expand such. enbodi ments to correspond with the subject matter of the

i nvention '
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cl ai med bel ow. - THIS SHEET
CLAIMS We claim 1. A barrier layer havi ng a partijcul ar Rﬁpﬂg
conpri si-ng: a) a first layer of -Ti or TiNer '
rangi ng fromgreater than about 100 A to about 500 A; b) a second

| ay | I ckness ranging from g t

toﬁgggt%g%eg%umggb err]; and c) a t E’E g %%?ﬁwpwgﬁﬁlﬂs
havi ng a thickness rangi ng from about 15 Ato about 500 [err] 2. The
barrier layer of Caim 1, wher e the.T L%qﬂgsent of said utrst fayer or
TiNerr] is at | east 40 atom c percen The bal‘l‘lﬁf StrHa%f

wherein th ness of said second layer of TiNis Iess

4. The barriéer Tayer of Claim3, wherein the thi ckness of

of TiNJerr] is |less than about 400 A 5. The barrier Ia

wherein the Ti content of said third |ayer of TiNerr] ranges from about 50
at om ¢ per denA Hafricdlaysr hhVingal particulMestirfifre 3BMlpFisihpows a gradi ent where
the first portion of said tﬁll’d | ayer is at sald 50 atom c percent and the
| asx portion of apaifust layercofl Biyerr Tid\y having rethickaesd rafifing fioma greater gka Ti .

6. The barrier |ay of Claimb5, wherein the thickness of said 100 atomc
perkent Ti ab e‘ittolah@lge%mmom about 15 A to about 300 A

4 - b) a second layer of TiN having a thickness ranging from greater than about
5 100 A to less than about 800 A; and |

6 ' c) a third layer of TiN, having a thickness ranging from about 15 A to about
7 500 A.

I 2. The barrier layer of Claim 1, where the Ti content of said first layer of TiN, is at
2 least 40 atomic percent.

1. . 3. The barrier layer of Claim 1, wherein the thickness of said second layer of TiN is
2 " less than about 500 A. |

1 4. The barrier layer of Claim 3 wherein the thickness of said third layer of TiN, is
2 less than about 400 A.

1 5. The barrier layer of Claim 1 wherein the Ti content of said third layer of TiN,

2 ranges from about 50 atomic percent to about 100 atomic percent and follows a

3 gradient where the first portion of said third .layer is at said 50 atomic percent and the
4 last portion of said third layer approachés said 100 atomic percent Ti.

1 6. The barrier layer of Claim 5, wherein the thickness of said 100 atomic perceri_t Ti

2 component ranges from about 15 A to about 300 A.
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-28 - 7. Astructure fﬂcﬁ) [P éeh%e'ﬂ%ﬁéd er layer of daim1 ang havi ng
an al um num conpri sing € ppI i ed \rﬁ{lsasmrrfm BeENdai d
'ahr rd I5aye2I ﬁf TiN[err] I mm corrprr sijng h?%EPE‘MEDer | ajer of
aim5 an ayin n um ton : y a-p]%-r—ee | over_a
surftigraeyoPogket No, %\ﬁd‘@ﬁyer of TiN err] g fﬂg KPIGS Ng. Eh234847151US
wherein said al um num conprising |ayer cont ar ns at least 90 atom c percent
al um num 10. The structure of Claim8, wherein said alum num conprising
| ayer contains at. |east 90 atom c percent al umi num 11. The structure of

Claim?9, V\/nerernsardalumnu Sin er bits iall
{200} crystlal AR E°'BB‘H§‘%$1¥H° bag}ig la)f‘ﬁ'g"fl A ! B‘If"“’@ ag‘is?ig%“%mgr gion

|
Ty oo ApRFRRBPR% BOEE SRl acﬁ“?*??‘%# T VSR T s o

aI um num conprising |layer exhibits a reflectivity in excess of 150 percent.
14. The structure of Claim 12, wherein said al um num conprising |layer

exhjbits ag rﬁfét:%ﬁiré’b&}iﬁ%ﬂnfﬁ{ée&a?naf 1a3&@ b ACLEE Btand halihg dh ABIREN-Of

produci ng an al um num-cohprising layer/7 Ti/TINTi N err] structure wherein a
crystal or lc@ﬂ{pﬁkingrboﬂﬁuaﬁbdaﬁrlaﬁplmmmurﬁw@f kAd tird ByessfMiNal |y {111},

1 9, The structure of Claim 7, wherein said aluminum-comprising laye_r contains at least
2 90 atomic peréent aluminum. |
1 10. The structure of Claim 8, wherein said alumimun—comprising layer contains at
2 least 90 atomic percent aluminum. |
1 _ll? The structure of Claim 9, wheteih said aluminum-comprising layer exhibits
2 essentially no {200} crystallogréphic content. |
1 12. The structure of Claim 10, wherein said aluminum-comprising layer exhibits
2 . essentially no {200} crystallographic content.
1 13. The structure of Claim 11 wherein said aluminum-comprising layer exhibits a
2 : reflectivity in excess of 150 percent. | |
1 14. The structure of Claim 12, wherein said alumihum_-comprising layer exhibits a
2 reflectivity in excess of 190 percent.
1 15. a method of producing an aluminum-comprising layer/Ti/TiN/TiN, structure,
2. wherein a crystal orientation of said aluminum-comprising layer i_s essentially {111},

O



- 29 - said nmethod conpfising: ' a) using I[N gian —rpapply a
first layer of Ti or Ti N efqissHeaMissdBedn RRpRESESS rméﬁ%&%%m 100A to
0

about 500 A b) using I echni gyes_t a sec¢nd
I"ayer of Ti N having a thi ckniﬂﬁmjwm!g{m&m about 100 A to |l ess than about
800Attorney) Docket No.cAMut808g r e ni qU&S. EepreppMailaNoNEHG3484725108
TiNerr] having a thickness ranging fromabout 15 A to about 500 A 16.
The nethod of C aim 15, wherein the nitrogen content during said reactive

| M3 deposi tsaidnmethod @omhpiibingd | ayer of TiNlerr] is.controlled to produce a
100 atom c percent Ti conponent at the surface of said TiNerr] |ayer
sur4ace. 17. Weusing i@ wchrifjueisto afplyvhfirse ldybe of Tl ok Tid Shaving aithiclitls
atomi c percent, Ti_ conponent ranges from about 15A to | ess than about 300 A
18.° The netmogingrom abont 190AnabentiSAbAY barrier |ayers are deposited at a

substrate tenperature of |es han -about 400[err]C. 19." The nethod of
Ja¥m 18 whereil Using reachive IMP, tschuiqnes,te appli gusecent layenot TN having 4
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G alm 20, wherein sard pressure s a

9 thickness ranging from about 15 A to about 500 A.
1 16. The method of Claim 15, wherein the nitrogen content during said reactive IMP
2 deposition of said third layer of TiN, is controlled to produce a 100 atomic percent Ti
3 component at the surface of said TiN, layer surface.

-1 17. The method of Claim 16, where the thickness of said 100 atomic percent Ti
2 component ranges from about 15A to less than about 300 A.

1 18. The method of Claim 15, wherein said barrier layers are deposited at a substrate
2 temperature of less than about 400°C. :
1 19. The method of Claim 18, wherein said barrier layers are deposited at a substrate
2 temperature of about 200 °C or lower. '
| 20. The method of Claim 18, wherein said third layer of TiN, is applied at process
) _

chamber pressures ranging from about 0.5 mT to about 30 mT.

1 21. The method of Claim 20, wherein said pressure is about 10 mT or less.
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