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PCT/LISO /17991 The invention pertains to titaniumalloy thin filns with
unproved yw@ppels7d0 di ffusion barrier properties. The i nve®CTABONEGS
pertains to titaniun1a||oy sputtering targets, and additionally pertains to
met hods of g copper diffusion into substrates. mm@mﬁmﬁ@mmMEF THE

| NVENTI aw\umnﬂlﬂ H‘h %@ circuit igwermammerarcEechnol ogy is H m

al um nu processes to copper dual danascene procggsses. The
shift from atcomithum and its alloys to copper and its alloys Is causing new
barrier layer materials, specifically TaN, to be developed. TiN filns,

whi ch wer £ _M@@ﬁpm techol ogi es, could be forned by, for exarrpl e,

itaniumtarget in a nitrogen-conprising sputtering

gas at nospher eqy, T} N rl\leﬁﬁ(ld”?}aﬁ'hﬁ b Gt R AU1Yy Bﬁﬁ’ﬁhﬁ@fvith Ficﬁ&é&rcSplieﬁﬂ ative to
copper in conparrson t ecause the diffusivity of copper atons through

TiNfilnsgy fﬁls Qiooa@éi 10p-Ept?es Hﬂl@%\%oﬁﬁﬁg(pbﬂélﬁﬁtm%ﬂuﬁ Ndyapniteing ayers are
described wt erence 20 to Figs. 1 and 2. Specifically, Fig. 1

i 11 ustrat gssds, Rneheditiesk Bafeitabis tb Bydiods ofinthihitdtg coppeadidfublog.in® i | | ustrat es
pr obl ens assom ated with TiN barrier layers. Referring initially to Fig. 1,
a sem congutrateswaf er fragnent 10 is illustrated. Wafer fragnment 10
conprises a substrate 12 which can conprise, for exanple, nonocrystalline
silicon. To aid in interpretation of the clains that follow the terns
"sem conductive substrate"” and "sem conductor substrate" are defined to
mean any BAGKGROUND OFHIEINGENIAOMnduct i ve material, including, but

not limted to, bulls sem conductive terial ﬁ such.a lr?i sem conducti ve
waf er (either dntegrategrcitept a&%ré%}eicb‘é?c % SR ERREPTHYBIYE s t her eon) ,

and sem conductive material |ayer ei ther al one '
conpr i si nguiBtasEre HW@?SF%WOQOPP# f gélﬂ?sc?ﬁfb%rf’?eﬁ%s" Q[rilef%&ééﬁ:?ﬁ%h%ﬁl&T ( RULE
2ofi~ VS ag)d %glahovsstg %oppel and its alloys is causing new barrier layer materials,

specifically TaN, to be developed. TiN films, which were used in aluminum
technologies, could be formed by, for example, reactively sputtering a titanium target
in a nitrogen-comprising sputtering gas atmosphere. TiN films are reportedly poor
barrier layers relative to copper in comparison to TaN because the diffusivity of
copper atoms through TiN films is too high.

The problems associated with TiN barrier layers are described with reference

20  to Figs. 1 and 2. Specifically, Fig. 1 illustrates a preferred barrier layer construction,

and Fig. 2 illustrates problems associated with TiN barrier layers.

Referring initially to Fig. 1, a semiconductor wafer fragment 10 is illustrated.
Wafer fragment 10 comprises a substrate 12 which can comprise, for example,
monocrystalline silicon. To aid in interpretation of the claims that follow, the terms
“semiconductive substrate” and “semiconductor substrate’ are defined to mean any
construction comprising semiconductive material, including, but not limited to, bulk
semiconductive materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials thereon), and semiconductive material layers
(either alone or in assemblies comprising other materials). The term “substrate”
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PCT/ US11111799(~ refers to any supporting structure, including, but not

limted to, the sem conductive substrates descri bed above. An insulative

| ayer 14 w dommed over substrate 12. Insul ative |ayer 14 panusenmpvicse, for

exanpl e, silicon dioxide or borophosphosilicate glass (BPSG.

Alternatively, layer 14 can conprise fluorinated silicon dioxide having a

di el ectri greQRs b budpBithalHABRL. iRAkBhe 1t AotlimREd B, B sERIdo8luctival N- K”

dielectric material. 'In particular enbodi mrents, |ayer 14 can conprise an

i nsul at i vegyrahek daderiay bbgea diel ectric constant | ess than or equal to 3.0.

A barrier layer 16 is formed to extend within a trench in insulative

material 1 4 1Qupansulaiwoppern4dofdrmetiongr ettt a9 einshiBitivs ldyer echron barri er

.l'ayer 16. Copper containing seed | ayer 18 can be formed by, for exanple,

sputter deposritd, for dxnopieasihcghdpuidetoy bouphesphivsitigat glass (BPIGEe t een "hi gh

purity” referring to a target having at |east 99.995% purity (i.e., 4N5

purity). Aleoppeelychyenliangompries laprided silieor dioridoeyving apedectdont ai ni ng

seed | ayer 18, and can be fornmed by, for exanple, electrochenical

deposi t i oponstan lase dipnicspeval 183. 7Coppea-caisdt wikn gigleatae maieriab Jand seed | ayer

18 can together be referred to as a copper-based | ayer, or copper'-based

mass. Bar Pilgiculapgapodigents, yen/iden cosmpise vamsugEp latediaf hydRdA from

materi al s and 20 in%o i nsul ative terial 14. It has been reported that
5 b 10
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prior art dlte?etcgllﬁ eanstat PR OLF®! t suitable as barrier layers for
preventing dif Prohl e $OC| rior

f,usi on of pper.. . a, ated wth.| an
P Cant um conpr PaHGEHa e Ay ol s saRTE PP bt Bl 140 i on
shows .t he tion. faFig. 1d; ' d ifi to illustrate
spoci 1 o BROBToMS HhaRiedl: R P 1 fis Rihet B B IePFBEd, CBP: o't
nitride a Lkl i %ﬁ-f- I i . ows
channel s g(gntglyth{ebn%?%éﬁfh?%E%dh&[)fgb??‘gpyI]fgg/e& 16{:’ Sgﬁar{r%}a%ﬁ%%%gﬁ%?esult from
col ummar  giRi 8y ever 88SQCkAk 8R Wik hhibhQutitytabicHMBtaahigal Bavdig farrier
| ayer 1 f . anhel's 22 effectively provide paths for copper diffusion
t hrough aldakt @99V ORI (.61, MY5 harity)eA tapper-cdifiaiaing rhatt@ali20Ss faiede materi al
14. The columar grain growh can occur during formation of a Ti or TiN 2
SUBSTI TUTEvSHioppert ddtnidggeed Ivier@81 4l dandE G RETH SN btP%G | ayer 16, or
during high tenperature processing subseduent to the deposition.
Speci fi caklegtro¢heniieal dopsttiauaxto esedriaydidl. opper-eomtaining ariterml Adesd i al s are
deposited without columar grain, the materials can fail at tenperatures in
excess of sepgdayer|l§ can tegethsy be r@emgbiopsiarerprobasediayeedoppadbasfd h ref er ence
to Fig. 2, there has been a devel opnent of non-titaniumbarrier materials
for diffu8®h layer 16. Anong the materials which have been devel oped is
tantalumnitri

T Lt.is f h TaN 1. |
nmanonet er - si z e%%éé%{ﬁ%ueéj tlsé lﬁ%:l?rﬁ P"gj% gﬁ%g‘&?{%‘& C%R%er%ladgq}lsa“\%/l?gg’ilﬁcﬁ\%ﬁ%ﬁé ?g Bdrrier
| f - I . i f.fusi i ff.1cult j.at ed
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processes. ternatively, 'we . have found that y titanium alloys can
have supeki@rp iR eRarhGah-@neRRIdd BsteGARRA @&dcilidt Wil Afslehcdretig in the
sputtering target and sputtered film thus maki ng them suitable f or

hi gh- powekyhag@pdhooatthoamst UdtioaniOwn g | Qs hizhds hodkted co Htustrateapédlic t han
tantal um Accordingly, it is possible to reduce nmaterials cost for the

m cr oel ecprabiémsthanchusdacyr if eltladripwes timnum bi ttativomiofdecoppelizadrser connect
technol ogy if methodol ogy coul d be devel oped for utilizing )

titani um bamsr laiengd.nBpefically, Figns sk dfannelstakextiendoptnpegbprriet eri al s, as
barrier layers for inhibiting copper diffusion. It is therefore desirable
“to devel opryaedpt Chamielim cwnpeiudt ym eatiapias gpinaiooh agsecigipdtvaip) Beas barri er
| ayers for, inpeding,or 20 preventing copper_djffusjon. The titanium

conpri si n§tapa{re fpater ?% FergRYH - gﬁ}am% 2%8ffe°é¥véiyd?r8’f”é?§5‘l 9% gh purity:

"with the term "hi.gh rity" referring to a target havi at | east 99.95%
bur ity (1 e SRERRPREE ool Bt bl e il SR iR descr ! bed
herein rel ates,t w L tani C L1 Sin erials e : utilized
for form %aE?r?atl égi Eﬁﬁe g{ﬂlu(r)n)}l afs%rgh ér%%g%na%ﬁga élfn a%énsnélggoﬁlu tagl?]inoﬁrlggﬁ ]t\larget S can
be used to replace tantalumconprising targets due to their high-strength

and resulting filmproperties. Specifi@ally, in certain enbodinents, the
titanium all oy SUBSTI TUTE SEEEETHG IEESIEI?%T (RULE 26)



WO U2/ 1-ts7G PCTIUSUI/17991> sputtering targets can be used to formbarrier
| ayers for Cu applications. The titaniumall oy sputtering targets can be
reactivelwosputsmred in a nitrogen-conprising sputtering gasl/asitogpliere to
formtitaniumalloy nitride film or alternatively in a nitrogenconprising
and oxygen-conprising atnosphere to formtitanium alloy oxygen nitrogen
thin fil maybhestdHduihi high EhHeRErE praesaidansuehih thdh@pdE@sgnt i nvention
can have a non-col unu~ar grain structure, |low electrical resistivity, high
cheni cal spakiticaltyy it iafshnbakidtieeén vye pripr apgahivesmaenphradiedsited hose of
TaN. Further, the titaniumalloy sputtering target materials produced in
accor dancevitliouhcdlhenpresientheinmtendls cam failet moiperaoss iedfcest dfAS 0f@r
-sem conductor applications than are high-purity 10 tantalum materials. In
one aspect, thdnianeénttiioavadtumpablkes dgsgpet vath migrense get'ic éntheiediang Ti and
one or nore alloying el enents wrhich have a standard el ectrode potential of
.| ess t han bgewa defdoprent pheowiitaatiim bpsier materiafs for digfusipndayardgedimong can be
desirabl e that they are not present in the form.aof bi nar%/_ alloys with Ti

6}

(wi th bi ndhgmasnplseruch bsichgerrroyelopedas tagindunkingdyisie (ladhli i sfamndthag 1 g
target co jses a bipary alloy of TiZr, it can be desirable t Zr be
pr esent iﬁ%y “raé%ﬁ‘&ée BFPOIS? ﬁjrﬁ]a?s‘?n TS YR Sﬁ“?“eﬁ?gfé‘gcﬁpoiﬁﬁ?ﬂ@célt Yor it can

be desired to h the Z t i . t f . t th 0 atono
R A e e
th tter] t i [ Iy . f th

al Foi?ﬁg erljfahﬁanﬂéI gsftggt tggﬁ{%;ci?gte ﬁ%ﬂé@gﬁ%ﬁgrﬁ&%ﬁgg r%"g!et%gg?}é?s{ﬁcglw 019 I esg t han

-1.0 vgl t iy ?pdr%t%sfla‘i\f‘l???@%lto ?%nﬁc'&ﬁd@ét&%!in‘t?_&til%h%E’E‘c@%%é.c%ﬂeﬂf%%e&{kﬁ% standard

el ectrode potential o ess an -1.0 n-ano r aspect,

i nvent i on K@RERNPATIER Tady TRANEOH aBbyd M RivE stk o BRBRarfldal hiseRRksi Nto a
substrate. A first layer conprising titaniumand one or nore alloying

el ements wWhmphrchay antalsh absinigltiel spatieratbeapet ant dpatteefl f11@S thuk haRingl . OV i's
formed over the substrate. A copper-based |layer is then forned over the
first | ayelenasoitabépior bighcbdweonpplatisnbstrate by the first layer. The first
| ayer inhibits copper diffusion fromthe copper-based |ayer to the
substrate. SUBSHaTUNEAIBHEETE § RWKEE cB§)matend tlgnXadtalli8y 6A dcodiihglg( kds 1799C I n
yet anot her aspect, the invention enconpasses a sputtering target

conpri si ngoTiiblaheredtes maicrigtseesicion Hernisroghacirnisainslupisy rdlaiettenper at ur es

greater than oz equal to 2400C |In_ enbodihents. in whi the sputtering

tar get coh‘b‘g?%lé’é‘ PR IRCLONRSAL F@h%&g&% t%etFW%%i qqugcﬂbq geve 0,136%@1‘ of the
el enent s Oili er than Ti cm have tthe lrrelti n cé[le erature. reat%. tshan or
oqual to SHBERE PRI RN CHH pRe A o ERE LG HRP TPt [Saf have t he

el ting teuper %Riéhefog [Efifhe E%ﬁn’%{ lergnal fs%e%é]fgpecdes%gblg?(%_dm?%ﬂ?erw aspect,
the invention enconpasses a sputtering target comprising Tr and ohe or nore
al | 0==1 19 eh RN (HiEAAL MGt BuiBbR ool 1hyckOrh ehpldiygof o Ti of at
least 8% or at least I0% and in some applications at |east % In
enbodiFentseJeitiNb&ipet HgruSRUL TRk itA%hi iid O/ HrSAERIAGRIs 8N Bd By putiByi N9

el enents, all of thé alloying elenments can have the difference in atomc
radii rel alt me preferhblydfigpuligastithie teah “hagsmiritgnetdrtingfo 4 hegedhhayp ng

el ements can have the difference in atomc radii relative to Ti of at |east
8% For puazase®. o paitydr.pr 8Nb pgrityhi s di scl osure and the clains that
follow, a ""titaniumbased' ' material is defined as a material in ~. vhich
titaniumis a maj ority elenment, and an "alloying element” is defined as an

element that is not a majority elenment in a particular material. A

"maj ori tyWﬁﬂM@&n el eznent w, ~hich is present in |arger

concentration than azay ot he-'li; (ﬂ enent of a material. A mpjority 20 el enent

“can be a predorilSaREnEPR AR IDET hercHricki§sdP NeW A ER-QMYBISHE Preddnt as | ess

t han ~0% of mat er i i.nstance i tani um can be Q maj ority el enent
ab 5:@/8

. 1. Li : .
of & mat enthif FR NI f ToPARITATS lpBSeiicing ey Tt pisUlged t hat
no ocher el enent {s present in the material to 0 nt.r .tU'o of., greater
than oz adaar o o8BS Sad il BB dhe ey S S G BaheMafnns o
| ess than | o0.+: nal:layi ABMSs. he Y,
titani um ﬁgééﬁgﬁgl‘f’e@ﬁaﬁ §p/8 dgé\%ﬁ}%ggﬁﬁg?’e]#%w\}mgﬁIeﬁ{?gnt al ﬁs’g t&%ﬁﬁ}éﬁe@}oénent s at
concentrations of froze 0.001 atom %to 50 atom, ~o0. The percentages and
concentrations referred to herein are atom percentages and concentrations,

except, of SUBSTI TUTE SHEET (RULE 26) VI'"Oli2/1~;7b PCTIUSII 111799l
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course,

for any concentrations and percentages specifically indicated to be

other thin atom percentages or concentrations. Additionally, for purposes
of i nterpwatingstshi s di scl osure and the clains that foll owar/Usoppreys based"”

mat eri al

is defined as a material in which copper is the majority el enent.

BRI | JF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi ments of the invention
are descr Lsp&tfbulag kapetaiciinbd edeariemeen baritnayd:olidav AfhlReCOMP ANy itighighaw ngs.

10F|g lis a

|agrarmat| C, cross-sectional vieuT of a prior art

sem condualley spsteng falr@agm bd lehetdietadpuntgred i o nittopiehvenpopperspmeirepi al
separated froman insulative material by a barrier layer. Fig. ? is a view
of the Fi gas dnpsplere trformaitanumraigyantide (ilmsirradeimyvey obh emsgair ch can
.occur when utilizing prior art Ti-containing materials as the barrier

| ayer.

Fi gomgrijisg andipapenrmentirisingatosspherscioiiomalitapivawaldey exxeeni conduct or

wafer fragment at a prelimnary step of a nethod of the present invention.
‘Fig. 4 isDbiragepihinfilpndhgitlyn f@%@@?edﬂﬁa@%’éﬁiﬁm@ NotPrha Preseineatien ng st ep

e ”taar%ﬁ@ft@giiqn% é:ril%% 5@@&&%%’ gk%t'ntec“%@&at?w%p dlioneplgl 5 1
f th 1 h t~ 1 b t
Vo that Ry st oAt Taykf & aﬁ%ﬁﬁaﬁﬁ%ra TSP OLTER, FRRELER, po R ouen

wafer fra

%mant

di | I
concent ratit a&ﬁur&af:%P ﬁ%]t%gr m%ﬁ%‘rg%a Er[t%m{? é ?edaﬁ accord%fcter‘% qtg‘g g feﬁene[I Z;Ie\r/e Ti Q
| ayer and nﬁ;egtll)rﬂfrg 1&% %Qg-emc%é For%g%mna&td:r a%phcatlogs ﬁlgiﬁsc\}[é ﬂ-ﬂlj—%utc"iH)EET (RULE

26)
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20

tantalum materials.

In one aspect, the invention encompasses a sputtering target comprising Ti and
one or more alloying elements which have a standard electrode potential of less than -
1.0 volt. To the extent that Zr, Al or Si are present, it can be desirable that they are
not present in the form of binary alloys with Ti (with binary complexes being TiZr,
TiAl and TiSi). Additionally, if a target comprises a binary alloy of TiZr, it can be
desirable that Zr be present in a range of from 32-38 atom% or a range of 12-18
atom%, or it can be desired to have the Zr present in any amount from greater than 0
atom% to less than 50 atom% in Cu barrier applications. In embodiments in which
the sputtering target comprises multiple alloying elements, all of the alloying elements
can have the standard electrode potential of less than -1.0 volt, or less than all of the
alloying elements can have the standard electrode potential of less than -1.0 volt.

In another aspect, the invention encompasses a method of inhibiting copper
diffusion into a substrate. A first layer comprising titanium and one or more alloying
elements which have a standard electrode potential of less than -1.0V is formed over
the substrate. A copper-based layer is then formed over the first layer and separated
from the substrate by the first layer. The first layer inhibits copper diffusion from the

copper-based layer to the substrate.

4
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~'4'0 021 1-ts7G PCT/ US111/1799G Fig. 9 is a diagrammatic graph of a
relative concentration of a material ~"Q ' relative to a copper-containing
| ayer, Tidhaysnrsand Si0 |ayer along an axis shown in Fi gPCBUSE/HI900 is a
chart show ng i nprovenments in mechanical properties of Ti-Zr alloys in

conparison to pf y&@randfhkr dsbectti@ indehtivh eﬁcd&iﬁ@@mrﬂ@hﬁ@mnzgcqapg%-secti onal view
of an exenplary sputtering target construction. Fig. 12 is a graph

i 11 ustrat icagpasiif Theid exdoBack-santdiewhity hopeslelibsaonyebBs) prpiaf i | e of
as-deposited Tip ~SZro o?:aNu ~2. 10 Fig. 13 is an illustration of sheet
resi st ancéhaafor Tyl 4o Z4@0°07 Inlembddimedts véhiBsthe pacttarggitsrgegemahpitses 1 /3
sigma, and the showli gradients correspond to 68.99; 67.88; 66.76; 65.65;
64. 54, 63mdtipl62llading 6ltmeals innddi@on 08T, il gf tiksldseds ghapthan [1h ost ki ng a
Rut herford Back-scattering Spectroscopy profile Tio ~;Zro o~:zl~, To;~ after
vacuum anileah¢lfige teprpetathrsugreaier thap v 48800 0PHOOr Iessghanidl ¢fshe gr aph
~illustrating a Rutherford Back-scattering Spectroscopy profile of a TiZrN
thin fil nmeleimests odherithass Heambay ajhermslppgicanmatane ropes téawwquﬁﬁtﬁ filmand Cu
| ayer bei 399@;’5' tially part of a stncture fornmed in accordance with an
eaenpl ar5 hod of the present invention. The. illustrated data shows no
apparent diffu ior{ of .Cu into.the Ti.ZrN | ayer after 5.hours at 700C. 20

DFTAIh LED DESCRIPYI'GRPEES 1R hREREHREA E1C S NENPE BB v enbodi nent s
t ] i i i f i gs, .3-9.
0 e pr %31%?1{1?1{61# i'fggt%%&% gtr Iﬁ%geagl%yng%gelﬁg tt%'[tﬁ dﬁfeferglgc%? ?“gfgrgrfél%ts‘ aglg s

Referringin em conductor wa

|1 ustpat ?tg%ti nag et of 5@9?% ?%%9 %gll‘égg% rl%ﬁ%%‘?ﬁﬁ?’ﬁ}ﬁf%}?“%ﬁ"g St At eheAl 1n

A .
substrate such as, exa icon. An'iInsul ative

mat eri al Qﬂxbb&xﬁeﬁfsﬁﬁ@vlﬁM@&e%ﬂ{?@érI@ttﬁrg@?@ong&f&e@ﬂm@fﬂﬁ@hlﬂ'@i eleeht@rdIed into
insulative material 54. Materials 52 and 54 can conprise the sane materials

as descri bethewlibling efepi@pcantiavt e @fftehicaintatdmSURST teldiMe (SHEGTa( RULE 26)
least 8%, or less than all of the alloying elements can have the difference in atomic
radii relative to Ti of at least 8%.

For purposes of interpreting this disclosure and the claims that follow, a
“titanium-based” material is defined as a material in which titanium is a majority
element, and an "alloying element" is defined as an element that is not a majority
element in a particular material. A “majority element” is defined as an element which
is present in larger concentration than any other element of a material. A majority

20  element can be a predominate element of a material, but can also be present as less -
than 50% of a material. For instance, titanium can be a majority element of a material
in which the titanium is present to onty 30%, provided that no other element is present
in the material to a concentration of greater than or equal to 30%. The other elements
present to concentrations of less than or equal to 30% would be "alloying elements.”
Frequently, titanium-based materials described herein will contain alloying elements
at concentrations of from 0.001 atom % to 50 atom %. The percentages and

Y

concentrations referred to herein are atom percentages and concentrations, except, of
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WO f12/t~; 71 PCT/USI1t/17991 for materials 12 and 14, respectively.

Openi ng 56 can conprise, for exanple, a trench for formation of copper in a
dual dameweena+prwocess. Referring to Fig. 4, a barrier |ayeeT/B801igydeor med
over insulative layer 54 and within opening 56. In accordance u-ith the
present invention, barrier |ayer 58 conprises titanium and is configured

t o i npedecslivid, Bsi 89 dohesntsubseadaRideyitdoas srdifianp aidibasid Yeayigs $h.innt 0
insulative material 54. In one aspect of the invention, barrier |ayer 58
conpr i sesafont gatcdnia @e dr omcentratidse el ements whi ch have a standard el ectrode
potential (specifically, a standard reduction potential neasured ~.vith a
c1/d referendddalomelly.ddepurphsds @f st¢rpeating tilis @\4closue. andoeclaiggdhitve t han
-1.0 volt). 10 Suitable elenments can be selected fromthe group consisting
of Al, BafolBey a Gpppaebased” maffe,ria]_ig,deﬂ@qdmmg@palgm,wh[rph fppevis s and Zr:

al t hough in particular enbodi nents the elements will not include A, Si, or
Zr. Furt hewjorigelemept.| ayer 58 can consist essentially of the titanium and
one or nore elenments having a standard el ectrode potential of |ess than
about -1.0V, or can consist of the titaniumand one or nore el ements having

a standar % 8 1'?‘J m-l .OV. Barrier layer 58 can

al so conpPselont U xygen in addition to the Ti and
the one or norg el enent avi standard el ectrode potential of |ess than
v Layer s R e B P E e P B R 4 SRS BT Ve R ats 147° ane
in parti cg%ggﬂg\m%%icg&%&amg hralla¥e a thickness of fromabout 2 nanoneters
t o about nanomet er's,

nd® can specifically have a thickness of from

about 1@ nanoneggy § it Q aBReMhmak:, RARCRELRNS! vill JFaDhRP ek IskhiBhhkilave a
t hi ckness of from about ™ nanonmeters to about 20 nanoneters. |n another

aspect of whhe fi\lz\lﬁﬁﬁﬁi ilRBtratha 4 ¢dubidoppd BABRAlsSEH alel hHant MMndmeiene or
nore el enents ich have a nelting tenperature of greater than or equal to
about 2400fateriduby abkeisellements can be sel ected fromthe group consisting of
Nb, "vlo, Ta and W Further, barrier layer 58 can consist essentially of
the titani um aRtk. 8neaosiewrof tedligrigmios attavdfergfrzpmeit illusgatiegpebktusr e of
greater than or equal to about ?400C, or can consist of the titanium and
one or nordicl@reaew Waen wldngwiarianglitaoniséring uragc: giis agrtbabariet lger or equal
to about 2400C_ BatTier |ayer 58 can also conprjise one or SUBSTI TUTE SHEET
(RULE 26)  WOFRAlisa grgraematiserosssvdmnab e b semiqosdesionndeoxygen in
addi tion %o the Ti agd t he one or rs ?I enments havi nq a nelting

t enper at utB2PFNLGE 8 Pmt“ﬁ@hs@?ogﬁﬂﬁﬁm ST Qs desesliEyetiPayer 5 8 can be

consi dered as ? fi.mforme ﬂo:fer Sybst rat eer§4h and in Par L] cgel ar

enbodi ment's wi I & ﬁév% FY R ORAdE s CHF P EBSUR™2 A ARSF et P 0 about 50
nanonet er g, .8 19?0nth§1p&c}iig_i£al |y have a thickness of from about 2

nanonet erS t0 about 20 nanoneters. The el enents having a nelting
tenperature of pgy eat §Rriet»¢ﬂ@f‘th9rl?i§%%@éfe1t f?ag’i{?&wsh@\ﬂgg% @es%fr%@'tép' ze a
titaniumall oy due to refractory characteristics of the elenents. One
aspecty of giRequent &y thal & . 4. he present invention that can be inportant in
mai nt ai ni ng desired shall grain sizes in barrier layers and sputtering
targets of theFiDeps esesv of the@id.izomafesfrigmént shewe beaptsssingeasppor at ed i nto
the tltanll 1111-C0O112~"JI'ISIng targets can have atom c sizes v;~hich axe
nmor e t hans8%edglidf arbat ofilfignS.t he atomi ¢ size of titanium and preferably
nmore than 10% or even nore than 20%different than the atom c size of
titani um SuchFd fiiigpengeandad siconif@ porien efhe dig dpvalar fregragiitum | atti ce
structure, and_accaordingly inpede grain growh within the lattice. A

magni t ude of diffs éreAdEgrdnyans aragh dlisHaingereldthe copsawiation 8hdl t he ot her

el enments incorporated. I11tO barrier |ayer 5 an effect the amount by

whi ch a | BEGTED {lsf%ﬁ%Y%tﬁtaeC&,Ppsfﬁ%Pna@d%lag@Wﬁ@ﬂZ?Q(cja}r’FfiaHfl%iéulﬂ;‘/@f AR"GABUNL ~ of
grain growt.h f)ccurr' ng,at various tenperatures. It can therefore be

pr ef er abl & YT gle' lenments having larger differences in size relative
to titaniumthan atons having | ess difference in size relative to titanium
A group of 20 elenents having an atomic radii difference relative to
titaniumof at least 8%is M, Fe, Co, Ni and Y; and a group of elenents
having an atomc radii difference relative to titaniumof at |east 20%is
Be, B, C, La, Ce, Pr, P, SO Nd, Sm Si, &, Dy, Ho, Er, and ~.fi. It is
noted that some of the elenents havingban atomic radii difference. relative
to titaniumof greater than 8% or greater than 20% overlap with the

el enents havi ng a st andard SUBSTITHEE SHEEIA(RULE 26) | ess than -1.0V, and sone
do not. The present invention enconpasses utilizing el enments having an
atomc radii difference relative to titaniumof greater than S% (or in sone
applications greater than 20% in conbination with titaniumfor folzning

[ N 1 o o o .. . NI ™S SN ey ey pe—




V1' O 02/ 1~~7G PCTJUS(11/1799G conprising titaniumand one or nore of Si, P;
S, Sc, Mh, Fe, Co, Ni, Y, Be, B, C, M, La, Ce, Pr, Nd, Sm Gd, Dy, Ho, FEr,
and Yb. |wouwserse, the invention enconpasses alloying el epenusotivads f al |
wWthlll three categories: a standard el ectrode potential of |ess than about
-1 .0OV; a nelting tenperature of greater than or equal to about 2400C;, or
an atomc si Zeﬁg'g&@ a'ﬁag&ﬁﬁlaﬁg%&pﬁ%fQ'rélﬁﬁ&@éﬂnc&ﬂﬁ?di‘ioh%?a%‘ie@&ﬁa@ «gpze of
titanium Table | 1sts Several "exenplary elenments that can fall  within one
or nore Ofelfiedtotal ApBeCad iR Sver, TRD 1Byek dnd SI0Ua RN aRhb ah AGIsWBbWRd | Sting
of elenments that fit ~~Tithin one or nore of the three categories. 10
SUBSTI TUTEISGHEET (RULE 26) WO 112] 1. 1s7G TABLE 1 PCTI L  SI 111 1799C

.El ement Atom ¢ Radius (I~ % Atom c radius difference fromTi (2,00

~,) St andar d El &cg.ri0de alebse shaveihy irhpolvempnts Reacthaidd btapadgicPof fit-Zr
(C)AI1.82-9-1.70 (Al +l Al)660B1. 17-41.5-1.20 (B +l B)2300Ba2. 7839- 3. 53 (Ba
-+l Ba) 725Bello¥s B@ompBOs¢Be pridr38)k278C0 91-54.50 14 (C

+| C) 3500Ca2. 23115- 3. 26 (Ca’ +/ Ca) 839Ce2. 735-2.82 (Ce ,

+1 Ce) 795Co1. 67Fis 19-ip aglBgra@amaiiGe)osa9ectionaBgew. of an gxemplary sputtering

(Cr 41 Cr)1857Cs3.3467-3 44 (Cs +l Cs)28.6Dy2.4924.5-2.27 (Dy

+/ Dy) 1412EFgetA9psiueiions ] (Er +| Er) 1522Fel. 72- 14- 1. 10 (Fe

1 Fo) 1970t 3 2482 3239 4 @ty s BBE SO BT Bogls iatariog SRSPOMPY
1 \b) 246K EESoHRSIS b A R iy S RoRrE T 100 6y (N CIN ) 1483PL
(3 ST 500, Gy M REAch & P ddetndidP0R7 550 KN 41 osme. 5029
5-3 42 (S @%%gégﬁé%/ﬁﬁ ma; anddfe §1%%\m+érlé%e%%%§¥ls 2495 és.é9;{6\é.88;
T (W Y o+l b2

+1V) 1890V 0212 +1 W3410Y2 2713 5°2.6 1523
420- 824Zr 26H8864.65, 4454 9342) 832, 61Standakd.o8l ectrode potenti al s,

specifically, a standard reduction potential neasured using a d'/d
reference el ectri@de.is 2 bripUBSutiahE a SHEEL fdr RBlaEk 26atterin Sk dt)odédpyls 71
profile Tig 45710 024Ng 52 after vacuum annealing for 1 hour at from 450°C to 700°C.
Fig. 15 is a graph illustrating a Rutherford Back-scattering Spectroscopy
profile of a TiZyN thin film afier stripping Cu layer from a wafer. The TiZiN thin
film and Cu layer being initially part of a structure formed in accordance with an

exemplary method of the present invention. The illustrated data shows no apparent

diffusion of Cu into the TiZrN layer after 5 hours at 700°C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Exemplary embodiments of the present invention are described with reference
to Figs. 3-9. Referring initially to Fig. 3, a semiconductor wafer fragment 50 is
illustrated. Wafer fragment 50 comprises a semiconductive material substrate 52,
such as, for example, monocrystalline silicon. An insulative material 54 is formed
over substrate 52, and an opening 56 is formed into insulative material 54. Materials

52 and 54 can comprise the same materials as described with reference to the prior art

7
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PCT/US01/1 TJ9l In an exenplary process, layer 58 is a barrier |ayer for
preventing diffusion froma conductive copper-based naterial to insulative
materi al 94 n2lmsmuch enbodi nent, it can be preferred that baruvseri’bmsyer 58
be conductive to provide additional electron flow beyond that provided by
t he conductive copper-based | ayer. In such enbodinments, it can be prefewed
t hat barrker . | ect A L SEA ML E | ess
than 300 B L2 Ead P AReRIBE! OpGie SERThob, Ry EHA ! Reflly

sputter dﬁﬂ?@ﬁﬁaﬂoﬂﬁ%g@ﬁerfiﬁ?'ﬁhﬁ cfaﬁ{agé‘etneﬁﬁ’éﬁéﬁé.g ng titanium and one or nore

el enents. The one or e elenents can have a standard el ectrode potenti al

of less than apegtrindidMe AN B 18yekB8liafrnedot& iHiNiiBlanss suahat i ve to Ti
of at least 8% and/or nelting tenperatures greater than or equal to 2400C.

)i parti elighat opibedioTentscortiNRe vflgdk peabniGanaitsh, wssailhyalsBy of the
titanium and the one or nore el enents which have a standard el ectrode

‘pot ent i al ca@hpliessitddian, alklastonflgudd toampatiodiffisioadidm sutsequbntlf-do.enae
relative to ~Ti of at |east 8% and/or nelting tenperatures greater than or
equal to ed@RGbaskddayers mgo ingvletitd mateoink ¥hplassesisparh offihaemtestioh dasiiar t he
target consists of the titaniumand the one or nore elenents having a
standard &lyec?¥ exfapipiss difaniem apd oneesmergateragvsivhichdave antaadadi ¢ radii si ze
difference relative to Ti of at |east 8% and/or nelting tenperatures
greater tBigprede rederaial {(speciiono; aAWﬂé@é‘érfﬁi%ﬁlg;npaﬁe@@%l mgaspred 3rra Sk at | east

50 atontot) [ d f 0.00l 2 mboto 50 atonboof t

ol ement's. Holi g ehe e anbesc 00 ok Err N8R TOBEn hARBbout -1 OV, an
t omi id Sl diff ti to Ti of at | 9 I ti
Fempertt orbtads ErehCARRE ore el e subco T 4o Biofh GoecCorne
target cam coliy) s¢; A keasty 90 a il fanl i, a0 LM B R0% aheree to 10

at ono of e dneé>or ’'nof e’el’enent’s ave~a e rode potenti al

of |ess t@@ﬂlg- &-V&Mq}o@ﬂ]cma%%cs{ izt ﬁ&&&r%a&ﬁ&ngy&%srcﬁh%&ﬁs\rﬁ to Ti of at
and/ or an o

| east 8% melting tenperatures greater t r equal to 2400C.

Al though peeviANSHRE GRhRinDAUERaE Inde Qe HRinod §hfentle@Rplel cations
(i.e. applications other than for diffusion barriers) having titanium and

one or nopetefialNg lest 2haBUBSII -TIVE oBktrEdorsBUbEhE Bk aniu4h@ohid &Y thoe’ G
PCT/USII1/1 ,99C Al, Si, Wand Zr; targets of the present invention can

di ffer frelenichs lavey aoumdaat gecticsleipotential oftlbmythar -6 .005 eBarter lagepffecanbar ri er
applications and/or the concentration of the Nb, Wand Zr can be different
i n tar get slsotomhaspemsarioth sieidgomandaygeminpdditicaus theafigadghe For o nst ance,
an alloy of the present invention can conprise titaniumas the majority

el enent  aRwWr¢ plengals hawingddiandazalecdodapatental afdess Wranr-1.0V. ledoer d8IE#HYy t he

32-38 at % 12-1S atontqfor Zr: | udij th . 6-8 at %
[anges 32,38 Alom Mand 125 A amaler 2, Sicludng Lhg fane 08 atom
AR R R A el TR SR BT R
| ayers, 199%%%512%%\%’5 HibizRe 6%%%@6{99}' I%QXm%fer{ J&%@ﬁt%%ﬁ%%oln%i@%“o‘ron can be

sputtéered t'’nosphere such onl'y targe eriral's are deposited in

film~S. 9%1} %JeEﬁchl% h¥el eyﬁ}]l%'ﬂes@%f R Lfued niaHmﬁE‘te%ttH%ﬁ&Pezr()ehaﬁ&lEt}éPst.

materi al s m t he at nosphere are deposited 1 n barrier |ayer ~S together
with the nateripahsothdrQRpddass fhai@tiol,WarlidiIhRNGE cohplsdsaftf8tmGan ohe
sputtered in an atnosphere conprising a nitrogen-containing conponent to
form a babf mefe tlanents shidihigdve @angltihg esnpitritiRIE B rdaferakidi drie@Daltio abhi@
materials fromthe target. An exenplary nitrogen-containing conponent is

di at om ¢ A#BI°QgSnithblB£)emehirecad dpasictied ftom thefgrbup aanisbeg nERby¥edTio by t he
stoichionetry Ti~QyNzZ, with "Q'" being a | abel for the one or nore el enents
“havi ng a staMiardthel swtriodeyqod ean cansisksdeegallst dithe lita@uym amd etecrri ¢ r adi |
size difference relative to Ti of at |east S% andior nelting 20

t enper at uFEse gepgnshayingn reltisg tpamporyuzagecsateriban qieaqeali ta@bpyartatEd into
"the target. In particular processi ngr, the materjal Ti.~Qy,NZ will conprise
x=0.1 to O %an Gpagshefithe Hagiun apghens, Agnarercderpeids hangieg ® e tBwedppPaAiéret hod of

formng bagrrier layer 58 is to J-er, depgsit the |ayer froma target
conpr 91 ngt BietlenEhos s et AR e AR SoRaan R ROEPHSHPTAT nt he
presence of both a nitrogen-conprising conponent and an oxygen-conpri Sing
conponent, to incorporate both nitroges and oxygen into barrier |ayer 58.

Such processing can forma [l Vi he stoichionetry
Ti, QI ~TZ0,,, .., with Q agagﬂéﬁgﬁ@iﬁg‘g%ﬂ&ﬁ%‘%)emnt s having an atom c

radii size difference relative to Ti of at 13



SUBSTI TUTE SHEET (RULE 26) VI' O 02/ 1-157G PCT/ L' SOL/1 799G | east 8%

el ements conprising a standard el ectrode potential of |ess than about -I

. OV, and/wo wehiesrents having nelting tenperatures greater tiamusn/iiegeal to
2400C. The compound Ti,; Q ,NzO', can conprise, for exanple, x=0O1 to 0.7,
y=0.001 to 0.3, z=0.1 to 0.6, and w=0.0001 to 0.0010. The oxygen-contai ni ng

conponent bumed nitfodearniy bReseh in@diNEPDto theCERnbehe diRrorex@oplegncd halligr € can
be advantages to intozporating nitrogen and/ or oxygen into a baz~rier |ayer
58, in thamdtightenpemtypoenipicater dan drreguave abdia 2RO tleaypef@tartee stability
of the barrier layer relative to its ability to exclude copper diffusion at
hi gh t enpeomiderebas ahle firmed geer subsitge Séxargen pedicplaf embediareptsewilldi st urb a

. Ti columar grain structure 10 and thus forma nore equi-axed grain

st r uct ur ehavess thickmessrofeemh alivit dgpnewetetvip-ahpwigd pupmetsihgnd stget s i n
accordance with the present invention and for depositing thin filzns from
.the sput t 8pgciipallybges & thigkaesroaldram abowe) ranowctass oabepeHtranogedstanpl es 1- 4.
A barrier_|ayer 58 formed in accordance with the present inventi can
conpri se Ehl%lgmealﬂsehaﬁlr& ﬂzl@elaflg|f%%erﬁwgﬁ10%§wéa " PO DOAMBIAOSRS, and i n

AU U G R TR S
comrise & ey oLl 88 ol 155 APPSR i oBHE PBlarePy e L

| ayer materi al Ircient s rain size

remains | ; o t.Q: ' [ r

e on R AR REnEAUAL L O TRROARE S5y AL AD BAWET |
filmig expresadni@idRGhhiohe 3RnIEHRULES pbidted iNRAHMANNE b mpiigg STRI | nMean
grain size of the filmb58 of the present invention can enagle %he filmto

better preghddearonpakomicisiZ4swhncht tam@thaRerPlifRzer tHanttROhiemic ané ai ni ng
films. Specifically, the prior art titaniumcontaining filnms frequently

woul d f or af timhiyen . ghdipiefsiaBBanaite thar0CES shingyeaboethbQ0% diffdreant dandhagl y
~.voul d have the columar-type defects descri bed above with reference to
Fig. ?. Precessizagf tfantthe pundsdfferenoysrdtdmiv szencaavidirdptfagitasininolattiet such
defects, and accordingly can enable 1 ~4 SUBSTI TUTE SHEET (RULE 26) VO
02/ 1- 157GSP®FW@SﬁIld1%PQQ%181bEnP@#€ grainagne iy wishin dhalptige diAf hagiibde pdyers to be
formed than could be fornmed by Pri or art processing. , ]

difference 1n grain size between the titanium and the other eleéments incorporated into

barrier layer 58 can effect the amount by which a lattice is disrupted, and accordingly

can influence an amount of grain growth occurring at various temperatures. It can

therefore be preferable to utilize elements having latger differences in size relative to

titanium than atoms having less difference in size relative to titanium. A group of

20  elements having an atomic radii difference relative to titanium of at least 8% is Mn,

Fe, Co, Ni and Y, and a group of elements having an atomic radii difference relative

to titanium of at least 20% is Be, B, C, La, Ce, Pr, P, S, Nd, Sm, Si, Gd, Dy, Ho, Er,

and Yb. It is noted that some of the elements having an atomic radii difference

relative to titanium of greater than 8%, or greater than 20%, overlap with the elements

having a standard electrode potential of less than -1.0V, and some do not. The present

invention encompasses utilizing elements having an atomic radii difference relative to

titanium of greater than 8% (or in some applications greater than 20%) in combination

with titanium for forming barrier layers, and accordingly comprises sputtering targets

9
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Referring still to Fig. 4, a copper-containing seed |ayer 60 is fornmed over
barrier |ayer 58. Copper-containing seed |ayer 60 can conprise; for
exanpl e; Wiogh/psmsi ty copper {i.e., copper which is at | easeCP9SQI3%Wpure),
and can be deposited by, for exanple, sputter deposition froma high purity
copper target. Fig. 5 illustrates wafer fragnent ~0 after it has been
exposed t aopAsLing dtanies hadhbgadr 1potd &9y I, ScleiAphe aerg, 58 mrel M6, from
over an upper surface of insulative nmaterial 54 while | eaving naterials 58
and 60 w fhj@e.threNdSmHGdAdg. He; Hal sl ¥0. i | | ustrates processing that can
occur specificall ~~ when elenents having a standard el ectrode potential of
| ess than - 1. 0% asensesihe ayenti@8encantasitowdotingelcinayierthggalhasthbetbrecex posed
.to thermal processing causing diffusion of the elenents having a standard
el ect r ode coE@its| abtandasd clepizpde potenyial @fké?ﬂfrﬁ&abfé@rbﬂ\’(ﬁﬂ’lmémgﬂg a hi gher
concentration of the elenents than other_regions of material 58. Suitable
-t hez- mal ﬁm@grqﬁ gt Rhaer iakle abgete49P :a%r@aﬁt%mcﬁﬁé vélighsiioRavi ng a
st andard otent | ess, th n -1.0V des an anneal at a

t enper at uf “géégggﬁlﬁﬁﬁﬁé‘F@PnHCFVHQ Bﬁnﬁﬁ%u?mg xﬁﬁﬁ?8§alﬂﬁaﬁ%“¥acuum
Fig. 7 shows ew of a t he ment 50,
and more SFRr Ty withEer s 81 s et aategoriﬁssgai@%ﬁ eobEEe  hat
anot her i | t ments with
a standar gg 'ISP %e ésqmgg%fen G%FL i Sﬁ’ﬁ@g%%g’% Ee&f‘éﬁ%ttﬁ&% ?gre gadj acent
to copper-based Iayer 60. Region 64 is not shown in Fig. 5 due to
limtations of space in the drawing. It is to be understood that regi on 64
may be effectively elimnated in paz-ticular processing of the present

i nvention, depending on the elenments incozporated into barrier |ayer 58.
Figs. 8 and 9 graphically illustrate the aspect of the invention that
elenments with a standard el ectrode potential less than -1. OV can mgrate
within barrier |ayer 58 during a high-tenperature anneal. 15 SUBSTI TUTE
SHEET (RULE 26) VA4' O t>2/1~S7C, PCTIUS01/1799~~ RefezTing first to Fig.

8, such illustrates a graph of a concentration of the elenents with a
standard el ectrode potential of less than -1.0V (illustrated as "Q', and
specifically illustrated as a relative percent of "Q') relative to the

copper of layer 60, the TiQ of layer 58 and the Si0 of layer 54. It is
noted that the TiQ and Si0O are not intended to be stoichonetric
representations of the materials of either barrier layer 58 or insulative
material 5~, but rather sinply identify layers 58 and 64 in the draw ng of
Fig. 8 (for instance, the material referred to a.s "Si 4" would generally be
SiOz). The graph of Fig. 8 is illustrated along an axis shown in Fig. 4,
and accordingly corresponds to a processing step prior to the anneal of
Fig. 5. 10 Fig. 9 shows a graph simlar to that of Fig. S, but shows the
graph along an axis of Fig. > and accordingly is showng relative
concentrations after the Fig. 5 anneal. Fig. 9 illustrates that a
concentration of Qis increased at an interface betv~~een the Ti Q| ayer 58
and SiO layer 54, relative to a concentration throughout a m ddl e region of
TiQ Fig. 9 also illustrates that a concentration of Q can be increased at
an interface between copper-based |ayer 50 and TiQ layer 58. It is to be
understood that even though Figs. S and 9 refer to insulative |ayer 54
specifically as a Si0 |layer, such is an exenplary conposltton for

insul ative layer 54, and the invention enconpasses enbodi nents wherein

| ayer 54 conprises other insulative materials. It is also to be understood
that the relative concentrations of Q 20 shown in Fig. 9 are. for
illustrative purposes only, and that Fig 9 is ShO-willg a qualitative
‘representation of the concentrations of Q rather than a quantitative
representation. An advantage of utilizing an el enent having a standard

el ectrode potential of less than -1.0V is evidenced by Figs. 7, 8 and 9.
Specifically, such elements will tend to diffuse toward the interface
regions of bal-rier layer 58 during an anneal. The el enent can thus foz-m
the regions 62 and 64 of Fig. 7, which can have enhanced copper-barrier
aspects relative to the remaining central region of |ayer 58. Al so, the
regi on 62 can have enhanced characteristics for adhering | ayer 58 to

i nsul ative 10
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54. Accordingly, barrier

1'~"0 112/1 ~a7
| ayers formed in accordance with the present

PCT/ USI 11/ 1?99

mat eri al

i nventi onwam/adhere to insulative materials better than bacritani/iayers

formed in accordance with the prior art,
probl ens associated with prior art barrier

| ayers.

fragnment 50 at a processing step subgg@uent to that of Fig. S, and

specifically shows a copper-based nateri al
Copper - based materi al

S).

70 can be formed by,

for exanpl

€,

and can thus alleviate sone of the
Fig. 6 illustrates wafer

70 formed within trench 56 (Fig.

el ectrodeposition of copper onto seed | ayer 60. An advantage of having a
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'Standard electrode potentials, specifically, a standard reduction potential measured using a CI°
YCl reference electrode.
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plI1"Ity Ti dlIl'lng a vacuum skull nelt. After a honogeneous alloy is
formed, the alloy 20 was cast 111t0 a graphite nold to forma billet. The
billet wawduwiged and rol |l ed usi ng conventional thernmomecheai/cadl/pywcesses
and fabricated into a sputtering target. The Ti-pat% target was reactively
sputtered in a i~r2/Ar atnosphere with four different values for NZ fl ows
(0, 5, 10, 15 peamxcaidaifrbcds iffaalss chapheer Ryaskyprveihtitk dffiflos | nTom
The resulting TiYI~T thin filmhad a thickness of approximtely 20 nln, an
el ect ri calromestsidustiteycoppagbargd hitatsriad ppinedatigd @bigrikBOE 3AQuctS?cm  and
conprised a very small grain size, which could not be neasured by x-ray and
coul d be minbodioreys fitdahibeereierradrirapbaisy layer BUBSTOnTUAE eSbiREi{dRULE 26) W O
(12/1-17G PC r/ US01/ 1?99G L~AI VIPLE 2 A Ti Ta target conprises 0.65at % Ta,
whi ch is addigdrshelettrown flhwaeyend imypuidet byfthogggatavedcapperabasedbayeve el ement
with a standard el ectrode potential of-1.07V. A predeterm ned anount of

.31 ~T5 (99w epbefingents it beduelgredthat Barieobygodhhaveanielagtiival during a-
vacuum skul | nelt, Af &fﬂr a\ hoHngn ous alloy was fornmed, the alloy ivas
cast i nt o'esis§YApAT e@akif of less them03HYPehet . The billet was forged and

Cputtering Lar QHEOTRET TP L e Gt RECSS B oPya Seb SFR8d | &
N?/ Ar at s hetre \{vith f.gug}}giffere@t val ues flor NZ Jgf Om}ﬁ‘go 5, 10, 15
scan) and Wth & toraP cha rm“iﬁnp%es%ldp_%reoefenﬁegzs‘l 130 6rIP9reThe_ resul ting
Ti TaN thi @{?Heh@c'aﬁ‘ﬂa@efé Eaﬁﬁ%&%&e%deﬁgﬁ@ﬁfﬂg%g %g@ b1 g{? &l §6hdid cal

resistivit3~ ranging trom approxi nat 0 cmand ¢tonprised a. very

smal | 1gr ak.fy;iSh 48 F| U i i e
1 cr odtystal T e ot “Aior phoce, 18! SUBGH TUrE, Seer ERIBMB I, 1 s

PCT/ USI || k4 99 &qudEXfDARIGEC3 1M\pditiéilat &hB6dinefEPIht $85ci2aRbRbidlessepibih 1S a
reactive elenent wth a standard el ectrode potential of-1.65V. A

pr edet er nbhdd tisdmuhtan@ the?M@ drI3er8 Wenfrutd WicK Yiaves stagdied eletir@dcdN (99. 999%
purity Ti during a vacuum skull nelt, After a honmpbgenous all oy was forned,
t he al | oypwastiad a$iess rtan shogr-aphV t @ gomc hiiesize dfffmrenca rblativeto. Titat bi | | et
was forged and rolled using conventional thernonmechani cal processes and

f abri cat etkeptirido, andgpumaleng ivgnnesatyss greTise thRn-0Sgq 9@ o R40QjEt Alsadhea eacti vel y
sputtered in a ht?/ Ar atnosphere. The resulting TiZrN thin filmhad a

t hi ckness IENEPPEsRINPALSSE gPodimentsanerrein teg Brac permisty ekthe fifapivny aggd

approximately 125 ~SZzcm Fig..10 13 sh t he sheet resistance of the

sput t er ed tf FNI‘P}W‘?]%PWEH{S I%H@gﬁ SZ?I}C\?W‘P‘%I?‘ftlfﬂ%ﬁé’Hte&“@]e?fﬁesé na }”aTn si ze,

te oo s P £ s N a5 REA BT STh SHRBEIBUREL Pt
J.50 n.yn | i o the TiZrN filmso that

di ffusi ongi%[)e;%{gg}g?eﬁte%%(ﬂﬁ%g%té;&%o?i@f m coul d be tested after annealing
at hi gh tenper atuhenmpBes ks JdidosiiSe Eth@ﬁst%b%toﬂ%rt%lfihrlnpéﬁﬁaﬁmgmladhes' on

tointernetallic die EC?I’I ¢s and \ﬁ\@ttl ng characteristics wth Cu, The thin
filmhad ewarakd sPaLREL ofiRSordehRindE elcafteBUALR ofOftaiRiat VAL &RIde Goteh@iF K

di el ectric process. Fig. 12 shows the Ruthel ford Backscattering

Spect r oscoples{ IRBSibqrt ofl i0\g aafat@sicdefioszd éidfeldnpe retatéreto d2 oNat 1858t 880)d Tabl e 2
tabul ates various aspects of the data of Fig. 1?. Figure 14 illustrates

t hat t her end/sr meltip@ tapparents giedtérh816d chuel toCUOOTL 1ndthdrenFiodmderitayer aft er
vacuum anneal i ng at about 450 700C for 1 holly. Fig. 15 shows the RBS
profil e ofhettgeapraquinriseableastOOtaem Guitheyes atrhBomebO0 Isatginfpti 10 from t he
wafer. This figure again shows no apparent diffusion of CLI 111t0 the TiZrN
| ayer af t 8fonks Rbthengor ppoeeleppnsupsth fyre ek ¢lrerElegpientialofjesy

112/ 1 ~i 7G_PCT/ USQL/ 17991~ TABLE 2: RBS deternjined film conposition in
“atonic pe#@éﬁ%-g b PWP&RH%%]SS@%‘%F@W Aoy IRBOBOY la@eg%zen_ oimell8E G 3000

3340 660 egnsple:rzyaafgeg%g'e% eg(%ha%lor equal to 2400°C.

Although previous targets have been produced for different applications (i.e.

applications other than for diffusion barriers) having titanium and one or more of Nb,
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SUBSTI TUTE SHEET (RULE 26) WO li2/1-1s7G PCT/ USOL/ 1799G EXAMPLE : ~ A
Ti Al target conprises 1.0at% Al, "hich is a reactive elenent with a

st andard wele@yneme potential of-1.70V. A predetern ned anopat/uedl/Ghm
(99.95% purity Al was added to a SN (99.999% purity Ti during a vacuum
skull nmelt. After a honogeneous alloy u~as formed, the alloy was cast into
a graphi t e nol ¢/ 5,01 e nieds R teiresenfidvBitldnlan WeEerfRIH ae BBdoiPklRE usi ng
conventional thernonmechani cal processes, and fabricated into a sputtering
target. Thethht théy GrS Kedlforl @pgetbanas appRedtione kiyd/opit tefiedtratioraofNRé Ar

at nosphere with four different values for N~ flows (0, 10 ~, 10, 15 sccn}
and wi th &t 8f ahd Zhearbler diffeess ur @rgets of the preB invehTaX than Tiherevessl t i ng
TiAll~T thin filmhad a thickness of approximtely 20 nm an el ectrical
resi sti vi targetanfomigstancmanphooai thepedsynt idEn800 casZenpasediteunprasskd a very
smal | grain size, which could not be neasured by x-ray and coul d be

m cr ocr ystioriteleprenaand piebids anPdditiont sdinmeyi 0§ Nove 8¢ o1 Bie gxtludiag thear e
exenpl ary enbodi nents, and it is to be understood that the invention

enconpass &gendadB T §° B, bhd S eissé e eRledinByhadsgs P¥edom oot nst ance,
e s rrehom ol ol o1 op Sl b sy eceur g cveen e ST
Coope” il 10 A1l DOy L A o0 1
various aShIEEeERP i Sl B RSN b led 1 ot eronce o cr oat Phg

bar ri gp layers&%@%thﬁﬁ%ﬁfﬁtﬁ&ﬂ@&ﬂo i{)ﬁtﬂé'll%?emiiﬁ e';lgoﬂ P YR pod that

\I
t he net hodol ogy cri ereln can be u I zed r creating barrier

layers thah aliRedeQuciiRY 8aY bl st ens e Bbal iRTHAI5 St hadlehRRREK: such
as, for example, Ag or Al. 22 SUBSTI TUTE SHEET (RULE 26) V4' O 02/ ~a7G

CLAI M5 PCEAMROISERRGN Tain abnS@ilieainl (g rhas@ed fidsetle hefoshRérdiaRddspokiaddr i er

| ayer relative to a coppercontaining material and conprising Ti and one or
mor e al | oy hgriet kpeniStopbihehwhh e matsiialn dandtheltagtt dde iipatneatthatargdt | ess
than about -1.0OV. 2. The sputtering target of claim1l wherein the

copper - contiabaimyterslt ieranatmpspharcooppesiigassto gat-enitahing3onipheeng put t er i ng
target of claim1 conprising at |east one alloying elenents which does not
have the derahdbndicelaver »dHut punpiaeh aitragen ireadlitiorae thppaterials foyn the The
sputtering target of claim1l wherein the only all] oying elenents in the
sputteri ngargar Jut KT FYeEPgeE-RRAIHEE tHBPtRh Ao crifPate(Nsot Rt i al  of

ess o henabout i W B -GBS AR AR AL AL e i O
A, S C?abeﬁgo’r él?lé dor% (?r I%feﬁlfe%’len%r ]%ﬁ{VXiU ggtartxa%?d eggfé?&g?oat‘g&%’ahg%ss%an Pr, Nd,

Sm Gd, Dy, H sputtering targe “whierein the one
or nore allgy 'a_'fll_gltﬂn%%@ﬁ §iz@Hﬁ“fe§€Hc€§élg1?vJ tlrbeﬂ‘r‘otf??l\;\eﬁsrt%% QRS hRidpo of Be, Ca,

Sr and Ba. 7. The sputtering target claim: erei’'n the one“or nore
al 1 oyi;pg elfpmitifesGRERE! BE) & equidt to PAGOER Wkt SFck O TcbolRéd Rto kBl wherein
the one or nore alloying el enents conprise B. 9. The sputtering target of

clai m 1l whepaiioulahproeBsing, tHeohgeddl RYDMN well eBRPLiSe CaNPRd 6.6, 1#0.0000 The
sputtering target of claim1l wherein the one or nore alloying el enents
conprise V.3,hid z¥hé tspt tering target of claim| wherein the one or nore
al | oyi ng el enents conprise Cr.
Another exemplary method of forming barrier layer 58 is to sputter deposit the

layer from a target comprising titanium and one or more elements other than titanium

in the presence of both a nitrogen-comprising component and an oxygen-comprising

component, to incorporate both nitrogen and oxygen into barrier layer 58. Such

processing can form a barrier layer having the stoichiometry Ti,QyN,O., with Q again

referring to the elements having an atomic radii size difference relative to Ti of at
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12. The sputtering target of claim1l wherein the one or nore alloying

el ements conprise Mh. 23 SUBSTI TUTE SHEET (RULE 2fi) 'O 02/ 14s76

PCT/ US( 11 wioiRQhG7613. The sputtering target of claim1l whermimusharone or
nore alloying elements conprise Fe. 14. The sputtering target of claim1l
wherein the one or nore alloying el enments conprise Al. 15. A sputtering

target uspdsifeor, d@nsitn8oAphaRd b SandaY @lectBli@bdt¥Ria 8f Rs{aRRb&ItN] oy, mat eri al
and conprising Ti and one or nore alloying elenments having at |east a 8

percent difd/er @egents Radh@ Melingadinpemelrad frégtet Mah ol 8qialito 2408°C.TiTae sput t eri ng
target of claim 15 wherein the one or nore alloying elenents are sel ected
from t he gimpErcdhig® ¥ nganfcobrisdCdior dample x=d;to Ki7, y¥0.084t t@f\d, +#0.1 17. The
sputtering target of claim 15 wherein the one or nore alloying elenents
conpri se ©d0.6,18:d Whe 08Qlutot (00 110g Thargsgevtorchiaing cobipnhert esed toHferrotlee or nor e
alloying el ements conprise Ni. 19. The sputtering target of claim~15
wher ei n t heQeNeOwrcapbeconbtamplag2el ements conprise Y. 20. A sputtering
target used for formng a barrier layer relative to a Cucontaining material
and conpri si ng Tpre£a bs aevaskagspaingpiPeiAting NErQEse And/onaxyasy e ahasder a 20
per cent dlffe ence in atomc radii relati v% tlo titani um ‘2% Thg Sputtering
target of ‘&¥Fa7iniDEANAEPOTPHAT IhEA I RIBY e !PE My PR ERSP YN PEtSe| ect ed

S G PR S e Y i e el Puneh i Taget b T APAIS wher of 1

th | | oying. I . - nsi sti f
. Pro 1 TyERGRh IbD RS TR, ALRIe BLB LGS (URGREY oL 0801,
20 wh i ! . i t i Ba. 24 SUBSTI TUTE
ST Ut B85 PO AloBB i e B e 7000 B, “The spurtering ¢ ar get

of claim 20 whekgicl.t RRuRRBINAY DG AnAld Q1A LERRh S SRIESRH Ae 25, The

sputtering target of claim20 wherein the one or nore alloying el enents

conpri se Meserd@nvehtisRuhd &ridBgositaoOin As@dréarnihd Pttty Ardkdd siker | ayer
relative to a Cucontaining nmaterial and conprising Ti and one or nore

al | oyi ng ét¢seribed belotviveith redarence torekdmplgs 1 elnper at ure of at | east about 2400C.
27. The sputtering target of claim 26 wherein the one or nore all oying

el enents are séllertiedayerdih fomeedyneupordamsi with fhg pofse@, intntioktsan Ta and W 2S.
The sputtering target of claim26 wherein the one or nore alloying el enents
conpri se fHNPRE a MRE gt tieg pidessithayet caupl ©) IA0mapemeikess eichingheiewe of nore
alloying elenents conprise Ivlio, 30. The sputteri n% target of claim 26
wher ei n_ t FOCBE RN HEFEIR1Y CyimEe 8IBtAsrarainstsmi iless Tpa or3qualipdlsput teri ng

target of claim 26 erei.n {_Jhe one or nore alloying el enments.conprise ~. ~.
nanometers. More preferably, the barrier layer can comprise mean grain size of less

than 1 nanometer. Further, the barrier layer material can have sufficient stability so
that the mean grain size remains less than or equal to 100 nanometers, and in

20 particular embodiments less than or equal to 10 nanometers or 1 nanometer, after the
film is exposed to 500°C for 30 minutes in a vacuum anneal.

The small mean grain size of the film 58 of the present invention can enable
the film to better preclude copper diffusion than can prior art titanium-containing
films. Specifically, the prior art titanium-containing films frequently would form
large grain sizes at processing above 450°C, and accordingly would have the
columnar-type defects described above with reference to Fig. 2. Processing of the

present invention can avoid formation of such defects, and accordingly can enable
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32. A sputtering target consisting essentially of Ti and Zr; and contai ni ng
| ess than 12 atom c percent Zr. 33. The sputtering target of claim 32

cont ai ni ngd @sigstchan 8 atom c percent Zr. 34. The sputteringr/usngedcof
claim 32 containing |less than 6 atomc percent Zr. 3 5. The sputtering
target of claim32 containing |ess than 2 atom c percent Zr. 36. The

sputt eri ngettcfiBRtinaicodlaaiing Sﬁf@&ﬂtléjrdﬂé ftthd fopRtRtah @Bhle eEbaRe bl pridress t han
12 atomic percent Zr. 25 SUBSTI TUTE SHEET (RULE 26) V1' O 112/1-47C

PCT/ USI 1144 F9&essidg. A sputtering target conprising Ti and one or nore

al l oying el ements which have a standard el ectrode potential of |ess than
about -1.0V; s®&ieterapustiletd hg. 4,arqepemnointiining vekdlgydyiaids yoraledoysr of Ti Al and
.Ti Si; and further not including binary alloys of TiZr in ~~~hich Zr is
present i -hatieelayand®e CépreR-ci@amingdtedidayen6d han eampyeseofor 8garggleahights 38. The
sputtering target of claim37 wherein the one or nore alloying elenents are
sel ect ed Prom aopperdi-owporIsh vhichiin gt loast 88,9980 1wae). ded cap begjeponted tve, Sr, Y,
Cs, Ba, La, Hf, Ta, Ce, Pr, Nd, Sm Gd, Dy, Ho and Er. 39. The sputtering
target of {QXRRPE7 SIHEF deRpsttios fime adnelprEy SPPRSyiHgetel enent s are sel ect ed
fromthe group consisting of. Be, Ca, .Sr .and Ba, 40. The sputtering target
of claim 37 vS.Flﬂf\grl Pﬂratt?g?éw?fﬁreg%ﬁm%rbg affey ’(BW%B“QI%HW&OE GpERse B, 41.
The sputteri El%]é.t ar ﬁgt .of claim i57, \_/\Aﬁtrei %Otcg]e one or. nore ,?I I o¥i ng el enents
conpri se Pechapical pRUSIIRE, fogmone Tayghs nd ando0 i QVeA YPDPEFRTAR &Y s ne or nore
al I oyi ng , hSeVq..4 : terni : Al wher ein
t he one oﬁsﬁoﬂ'@ggg}aﬁe&{}?%%@f%@ﬁlg T;»g %%%B?llgls% ag"rj 6 agﬁﬁﬁﬁ'ﬁgﬁ%ﬁ%%gi %@{arget of
clai m@g7 Ml%frgfegpfdggs 1 thQtrcaHQ)rc elf%ka}ﬁ'cﬂgr @11%@&%11‘&9%[1?%%t%a1‘d4~' The

sputtering targe m 37 nt one or nore alfoying el ements

conpri se ERcudf pdeiRUbl REd fhen LROYSLe OB S AeH sHowdRehi ¢RRr 88 hAPb&nal | oyi ng
el ements having at |east a 8 percent difference in atomc radii relative to

titani um egadsdd sPthbiRAlipieebangedusi@t diffosibyof e elinistd h-8od siedr@f Ti and
al l oying elenents selected fromthe group consisting of Al and Si; said

sput t er i ngletasdepotaktmbd laanthah AL.OWdDb Hgrnb b negiyn 6D hptiex e kightr déncamdatidn i N whi ch
Zr is present in the range of 12-18 atonfoor in the range of 32-38 atont
26 SUBSTI $URE eBHERTs (IRWIEeR 83gions DT mai0R £8 - 587G @TErus| 1ird¢csFiog which The
sputtering target of claim46 wherein the one or nore aIoni,n? el eneats are
sel ect ed FbeAwshsuGrBigsatsdites ¢lagentharig avandagd clegrodgjpoténgial legnd H 48.
The sputtering target. of claim46 wherein e one or nore alloying elenments
conpri se v@anag.-o*\%{@?%a@@ BRIRY AP GRE B 8?3@%3@0 \Qn@FéF‘Hlec?f]él%BWe’%or mor e
al I oyi ng el.enents .conprise Co. 50. The sputtering target of claim 46

wher ei n t AUPGAS YBACEIPEBYS | oyi ng el enents comprise Ni. 51. The sputtering

o 9et o ) 2T 40910, P95 00R, 8 TBLB B Y1 0 SLPRILAhPSE 2

and more clearly illustrates the region 62. Fig. 7 also illustrates that another region 64
20  having an enhanced concentration of the elements with a standard electrode potential
of less than —1.0V can be formed adjacent to copper-based layer 60. Region 64 is not
shown in Fig. 5 due to limitations of space in the drawing. It is to be understood that
region 64 may be effectively eliminated in particular processing of the present
invention, depending on the elements incorporated into barrier layer 58.
Figs. 8 and 9 graphically illustrate the aspect of the invention that elements

with a standard electrode potential less than -1.0V can migrate within barrier layer 58

during a high-temperature anneal.
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52. The sputtering target of claimb51 wherein the one or nore all oying

el enments are selected fromthe group consisting of Be, B, C, P, S, GCs, Ba,
La, Ce, PwoiHEslc Sm Gd, Dy, Ho, Er and Yb. 53. The sputteci/ngoiiarget of

claimS | tvherein the one or nore alloying elenents are selected fromthe
group consisting of Ce, Pr, Nd, Sm Gd, Dy, Ho, Er and Yb. . 54. The

sputtering tar gefferfifg ﬁ'rs’iltéYFrg g, weBnRighatda Qiph I'a dEentakibayrng el ements
conprise Ba. 55. The sputtering target of claimS 1 wherein the one or nore

al | oyi ng elesiid witlc asfandae claatroSbpotEhital oPidss thah Ag.00afihetiracdd 1“Q" MGl
wherein the one or nore alloying elenments conprise Yb. 57. A sputtering
target compedifdatly ilfistated aomechtiverperseldf 60 hiplative e tiesoppératf liyav 602 nel ting
-tenperature of at |east about 2400C, said sputtering target not including
bi nary al Iy Eief Myergdcndithe $10 oflazer 5¢. 1i is notrs thairige Te « W@@)S@)a@t@m % said
sputtering target also not including binary alloys of Ti and No in which Nb

‘i s the rafifenet te BS@EC@WUCB'@PW?’%%%@@@W Iﬁatefléhs@@?lﬂéﬁﬁ barrigr faysy S$hher ei n

t he one or npore all oyi Ierrets axes dfr m t.h consi sting of
C, M, and® v&ulayve é‘S'PP it %ﬁy Y 1 09 0F-1 EPENE0 1117196
59. The s e 4 argt of cl ai V\,her n oyi ng

el enent s @ubgrr% ARTTES Vo @ nﬁ‘iee”a%{) Efsg tsé@ gf)u@fge(?f”&ﬁ%bg%r%e &Fn the one
or more all g 'o@%le'selg%msaﬁ&gl Priegs o hg BERP S ARG Rnger used for

d
form ng a SO Br 1 ayer a sl verco ai’n i al algid

conprisin 05{’* %H@'stgrlﬁ)rgéesgﬁ%geﬁggﬁ%“tcg‘ﬂxe%hﬁé’é‘?ﬂ’g?l&?é‘v' ng at |east one of: {1)

a standar ctr potentF ess than a -1.0V; (2) a nelting

tenpergture of o BBek A0 thof 730, sabuf $BHL 1 Aegghn di f ference
in atom c radi iF@ér el ati vg?égﬂlisllt]am um 602 ;;érhe léputterl n% Pgr gegI of claim®6l

~~~her ei n akROFPNE 502nd #BERYIRL QYIHI 18 RIRIVe SoBRMRRIGER ofier HFig A sputtering
target used for formng a barrier Iayer relative to an alum num:ontal ni ng

mat eri al- angkat ORI P sliusgraits tlaind conenontismoeQad Inoxdasg! £ lag ifeeifscctevivewg at

| east one of: (1) a standard el ectrode potential of |ess than about -1.0V;
(2) a nel thaifiQ bypertandrBOdhyats4 mdgtvedbewbn@408i@n troughpud midkhst a 8
percent difference in atomc radii relative to titanium 64. The sputtering
target of redien pd 68 wher 2 piso ilhustigise thnt am@n@nﬁaﬂl@y@ﬁ@ celh bervpreasebafini se Zr .

6s. A neans for formng a Cu barrler by sputter-depositing a film
froma tarifes a"(?d%?b‘?"?eéllcﬁ’ﬁqurbaé% 3RO (6?“%%‘1@3 12361 8yi ng el enents sel ected from

s, B b e 5t Belapons %*fﬁn%ﬁlg%)gs oSl © Boulfhel Mt of
clai m 6> V\heecli aglg Soaqa er SUCh S dIl exeﬁ‘? a"gy SlP %NESI{H%H ?O rrlPSL ;ﬁ%l\« ei&’n{) gz The

nmeans of ¢ 7 the one of fi'se V. 68.

The Z”Saga §@<§r lﬁf lﬁ{é&ﬁg E EWSQ&SZ%O(H%GIQE wWiBfefh Bl J&lﬁls%%ﬂéxs conprise

insulative materials. It is also to be understood that the relative concentrations of Q

20  shown in Fig. 9 are for illustrative purposes only, and that Fig 9 is showing a
gualitative representation of the concentrations of Q. rather than a quantitative
representation.

An advantage of utilizing an element having a standard electrode potential of
less than —1.0V is evidenced by Figs. 7, 8 and 9. Specifically, such elements will tend
to diffuse toward the interface regions of barrier layer 58 during an anneal. The
element can thus form the regions 62 and 64 of Fig. 7, which can have enhanced
copper-barrier aspects relative to the remaining central region of layer 58. Also, the

region 62 can have enhanced characteristics for adhering layer 58 to insulative

16
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WO 02/ 1-1; 7C PCT/ US(11/1799C 69. The nmeans of claim65 wherein the one or
nore alloying el enents conprise Mi. 70. The neans of claim&65 wherein the
one or nowe alikxrgi ng el ements conprise Fe. 71. The means dfCrUsIInTeS
wherein the one or nore alloying el ements conprise Al. 72. A nethod of

i nhibiting copper diffusion into a substrate, conprising: formng a first

| ayer compiatdiang4. T cedtdin@Rg bafrieiRyRrsabldd MthcBdiaRRRSitiPHRpréRA/ Substrate,
the one or nore alloying elenents having a difference in atomc radili

rel ative tweniioanaddhbeas indd¥tivanchidrndbaigr thad bppei1oend armedh | ayer over
the first layer; the first layer inhibiting copper diffusion fromthe
copper - contardanng withytke ptiar 4rhend ohsthuatBeviat8 sombef thetrholdent agsbaiated7 2
wherein the copper-containing layer is a copperbased |ayer. 74. The method
of - cIa|n1?@ﬂmmem@ﬁﬁmmh®1©ﬁ@30r nmore alloying el enents are selected fromthe
group consisting of Al WMh, Fe, Co, N, Y, Zr and Hf. 75. The nethod of
clai m 72 wher efie- 6h%11&§1r@éeso*fafﬁbf?r@rmméQ@h@p@cm%%Wm@éttvthal@f The

met hod of claim 72 erelqlthe one or nore alloying el enents have a

i £ 1 or encE8 A BGHPETEAMN Thog aoPpeabsCoBiasel 44 fBied V1N tonch e met hod

B A R i
Ho, Er.and Yb. Th d, of 76 whe
1 ortngar Be Bieg §Bu 1108 ' A0GAhe BEIRIS: SESIRE BGREval s BlS one

O] e o A AP BE Do HRURL, 3€ wbftneEBec L Ll Pl (WL 200 VIO
mor e gh | Oy inRan &SRR hGRATR dnSfler bP barfite 1aeemf Japa@wgfto mah Hstiinbg bﬁgpper

diffusion into a substrate, conprising: formng a first ayer cohprising Ti

and, one OkoppRE thathiaPyi Beh BLRABN ScdbdifblyhRYE s B sst@adrr¢cRl RChede-ROt ent i al
of |ess than about 1.0V over the substrate’ az~d fornzing a

copper - coatcahdiciige t@ypsneay evitll hgef Ig1stvidgayteinereb gl ilargér depieedntattii bi ting
copper diffusion fromthe copper-containing |layer to the substrate. 82. The
met hod of voluaieras@knvihered tecohe sonadeorA neasen tiat hyem$ endreatis are sel ect ed
fromthe group consisting of Be, B, Al, Si, Ca, Sc, V, G, W, Fe. Sr, Y,
Zr, Cs, Bacrdasingbflargeayol@me ipthat Nigre BmlinGts, reldyive tothaidclgress of layer 58

desired to maintain suitable copper-diffusion barrier characteristics. As the relative

volume of layer 58 increases within the conductive component comprising layers 58,

60 and material 70. it can be desired to have good conductive characteristics within

material 58 to retain good conductive characteristics within the conductive

component.

20 Materials formed in accordance with the present invention can have suitable
mechanical properties for utilization in sputtering targets. Fig. 10 shows that
materials formed in accordance with the present invention can have mechanical

properties equal to, or better than, those of 3N5 tantalum, with the mechanical

properties of Fig. 10 being reported in units of Ksi (i.e, 1000 1bs/in?).
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83. The nethod of claim81 wherein the |ayer consists essentially of the Ti
and the one or nore alloying elenents. 84. The nethod of claim8l wherein

t he | ayerwoonsigéts of the Ti and the one or nore all oyi ng PEITaif®MI 296 85. The
method of claimS 1 wherein the one or nore alloying el enents conprise Zr.
8b. The nethod of claim8l ~~. ~herein the one or nore alloying elenents
conprise V. 87. The nethod of claiggx8lapiEesei n the one or nore all oying

el enents conprise C. 8S. The nethod of claim 81 ~~~herein the one or nore
al | oyi ng el enemhsinvengs sellhdared 8O burtive liméteh oal thé fadloaing &lamhier il t he one
or nore alloying elements conprise Fe. 90. The nethod of claim 8l ~~~herein
t he one oexamgrles destidhyd en@ne:ilzﬁmmtlsodommﬂrﬂfsefqmmng?,ﬂ)tﬁbﬁﬁ'tafgmc_ SHEET ( RULE
26) WO (12/1.1S7C PCT/USO / 1799G 91. The method of claim 81 wherein the
first | ay@crmplssmmmsmat@]mjﬁ emoonyhapses vy itepresatinventey et hewmipeiizg ng the Ti
and the one or nmore alloying el enents which have a standard el ectrode

pot ent i al tapgets eaadiayp any abpperons gepmagyes, m@lrﬁnrff‘wmmﬁrbgemw@ PE # nhi bi ting

2°5hut ter Mg w0ty ?ﬁf@é@%@%@%@%&? S Iabe for
d | nd

i%"re SEfoéﬁﬁmlra?@%ehﬁ? htaﬁ%%?ér%st%é ‘?%%efwl"%‘a‘ g BE?%&C'M@PS%? M ess

yoor 001 orshiscplas 282 A B8 debbepge TS (AP A B S0 g

thi ckness aliofy19m,AROMG. 21N L& ADS lca BB o TG MR Lkl ol ai m 92

having a t Kness' o oma out mto nm 9 n film of
clai m@2 Ué(v%ﬁ'%%np@l@%ﬁ 5Aﬂ90?§|3|1t§1‘9%’?&dds€r§ét1o‘i@ﬂ)‘0%§ kh’dv@ﬁ’toocfo gﬂféélthet 0 or less
than 300pS2cm 97. The Ti~ hin fil f claim92 used as a Cu barrier

llayer in aadmlcgrﬂ@ﬂee@tzrs@m(ﬁnﬂemeqme@ﬁ)4 khetd By ihdbidtdBaahatGhedhvehtid2 further
conprising a mean grain size of equal to or less than 100nm the nean grain

Si ze remnmahlsd Bicoatpasses ntorpiitie &sgdtramstAOOnm @kl ergdthenithictiofid Innvlish exposed. -
to a tenperature of at |east about 500C far a tine of at |east about 30
m nut es i theentistyofa eenseattiorD® tarfkienathiial) find ethef plehaitangdXlekigns.her
conprising a nean grain size of equal to ox smaller than | Oom the nean
grain size remaining equal to or less than |Onmafter the thin filmis
exposed to a tenperature of at |east_about 500C for a tine of at |east
about 30 mnutes in a vacuum anneal . E3AMPRET TUTE SHEET (RULE 26)

A TiY target comprises 1.0at% Y, which is a reactive element with a standard
electrode potential of —2.6V and has an atomic radii which is 13.5% larger than that of
Ti. A predetermined amount of 3N (99.9%) purity Y was added to a 5N (99.999%)
purity Ti during a vacuum skull melt. After a homogeneous alloy is formed, the alloy

20  was cast into a graphite mold to form a billet. The billet was forged and rolled using
conventional thermomechanical processes and fabricated into a sputtering target. The
Ti-5at%Y target was reactively sputtered in a No/Ar atmosphere with four different
values for N, flows (0, 5, 10, 15 sccm) and with a total chamber pressure of 4 x 1073
mTorr. The resulting TiYN thin film had a thickness of approximately 20 min, an
electrical resistivity ranging from approximately 130-300 pQecm, and comprised a
very small grain size, which could not be measured by x-ray and could be

microcrystalline or amorphous.
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IwW0 02/1 ~s7lr PCT/USOL/1799b 100. The thin filmof claim92 further
conprising a nean grain size of equal to or smaller than I nm the nean
grain si zeoremasami ng equal to or less than 1nmafter' the prdu/osdirbosi s
exposed to a tenperature of at |east about 500C for a tine of at |east
about 30 mnutes in a vacuumanneal. 10l. A thin filmof TiaQ-, NZ0~5.

i nhibiting copper diffusion froma cprpewepntAai ning material and fornmed by
sputtering a sputtering target in the presence of a nitrogen-containing gas
and an oxygen- @ohiTaitmigdgcddasisen 6T Qhitls istanl dgént fudith Saklingpei@r nore
al l oying el enents; said target conprising Ti and one or nore alloying

el enent s whi¥6°Gavé ina staatidacidmenhteritir ostengpod ektirade pftertas sf + hafV about
.-1.0V. 102. The thin filmof claim1l01 wherein x=0.1-0.7, y=0.001-0. 3,

z=0. 1- 0. 6predeigrnned 00QULORITRLD(990030) Prney Thivas hided tofa 5B €9AR9P04 havi ng a

t hi ckness of from about 2 nin to about 50nm 104. The thin filmof claim
101 havi npmiytiiderng syagpum sloil mplbuitter ahpmeseiseus albonves osed, thee thin film
of cIa|n11?1 further conprisilig an electrical reS|st|V|ty of equal to or

| ower t haf!®0wyas getipto ie@Ph*Fﬁéw?%iOrfom |a§>ﬂléqt dihgibrHet ovps feyeehard r@gﬁ‘il)ri sing a
mean grain.size of eqL a%§to or. l ess than 100n mean grain size

renalnlnguﬁﬁ%éW“FBU%ﬁ 'ngﬁgﬁmi HHVE?F%Fn@E%”FﬁWH”FPP P§m8¥bosed_to a
emperatuip o119 oRbrut, SO0C o1 8 LIl i SR 3R e
mean gr ai fbu?'dgffe t\%ﬂﬂ: lfoxth 5w§{685| fl 1%2?&{4}%%1&1 Q?otﬁﬁ&lq?%rza' n S' z€

remai ni ng” equ o or ess nin af t éxposed to a

tenpe tu t u 0 ut 30 m nutes
bR B4 k55 %%%%TF%%%”&%E?%{EE@%)@Haf%ﬁﬁef?ﬂ 157G

PCTIUSI 11 hhp, ?%ﬁaﬂ&fmm ahRidat{dal ﬁh@ifiwﬁl @hganl: 1t bpbigta: Q9IPe28HNg a nmean
grain size of equal to or smaller than the mean grain size remaining
equal to pOetRssdcbapritedn aélyemallheaih bize \fuhﬂcmcbﬁld%pbéﬁféamecabﬁ gmper ature
of at |east about SOOC for a time of at |east about 30 minutes in a vacuum
anneal . 188 colibbelmi€pbcME@ Be o himorifhiobisn of ¢l ai m 101 used as a Cu barrier

| ayer in a mcroelectronic device. 110. Athin filmof Ti~Qy,N2 inhibiting
copper diffusion froma coppercontaining material and formed by sputtering
a sputtering target in a nitrogen atnosphere, wherein "Q" is a | abel for
said one or nore alloying elenments; said target conprising Ti and one or
nore alloying el enments which have a nelting tenperature of at |east about
2400C. 111. The thin filmof claim 110 wherein x=0.1-0.7, y=0.001-0.3, and
z=0.10.6. 112. The thin filmof claim 110 having a thickness of from about
2 nmto about SOnm 113. The thin filmof claim 110 having a thickness of
fromabout 2 nmto about 20nm 114. The t13111 filmof claim 110 further
conprising an electrical resistivit}~ of equal to or |ess than 300~52cn~I|.
11 s. The Ti,Q/,N-thin filmof claim110 used as a Cu barrier layer in a
m croel ectronic device. 116. The thin filmof claim 110 further conprising
a nean grain size of equal to or less than 100nm the nean grain size
remai ni ng equal to or less than 100nm after the t11111 filmis exposed to a
tenperature of at |east about 500C for a tine of at |east about 30 m nutes
in a vacuum anneal . 33 SUBSTI TUTE SHEET ( RULE 26)

19
SUBSTITUTE SHEET (RULE 26)



WO 02/1-ts7( PCTI US11111799(~ 117. The thin filmof claim 110 further
conprising a nean grain size of eq ~~al to or smaller than | Onm the nean
grai n si agorneneni ng equal to or less than | Onm after the Kdt/wsofiitbywsi s
exposed to a tenperature of at |east about 500C for a tine of at |east
about 30 mnutes in a vacuum anneal. 118. The thin filmof claim 110
further conprising a nean grain sizegRAnger/3 to or smaller than Inm the
mean grain size remaining equal to or Tess than Inmafter the thin filmis
exposed to a tgMPES &kt RoMbrisds J. Rt Ziabhish 1580 ctio¢ eRnfehtwitkh at | east
about 30 mnutes in a vacuum anneal. 119. A thin filmof Ti~@Q.NzO S

i nhi bi ti ngarclapbeecidbdefposdrtinl F-and &/ .copprdeeantiat ahgnnEt2¥§ @0.84d f or ned by
.sputtering a sputtering target in the presence of a nitrogen-containing gas
and an oxyggnZcovsaildidig agas (YRR el muitgTi dering 4 styeiunf swullsedlt Adleeaor nor e
al l oying el enents; said target co ising Ti and one or nore alloying

el enent s mmg@nhlas/@llcar Ve ﬁorrngd ﬁ@é@w&waﬁrc‘@s@m%& giaphiss cragibletto J@OOT. 120. The
thin filmof claim rein x=0, 01-0.3, z=0,1-0.6, and

w=0. 0001-Bllglotbe bnlbziwasrﬁérg%mﬁl I’Pilﬁﬂﬂ‘%}ﬂg e@la\fqmlqllaéﬂwévm@dmw ckness of from

about 2 nmto about. 50nm _ 122. The .thin f| m 119 havin
t hi ckneSSPIBFeSF?S&ﬂ%afBB‘i&‘iatef IHHA 3 SPUEBHLS ta?%?ﬁm T]?ngg ) PYEChWRS Teﬁ?tg‘feﬁél aim 119

f h I I f h
300pS2cm PIDHFRA N FATORHGE Bratem st T hit TS £ RS Hean grai n
size of eﬁng)?clmit Ote%/ at‘lf) E%z’lfar{dha%n 19?0%?]‘(?3 sﬂ%t?g? p%[g )%tl?dt&ﬁ%%% 5%1{1%11 edual to

or less t mis eratur of at

| east,pbo um

annea @ ?%%%%ch gr%slﬁlgalsésl-}éﬁ L(oéeﬁﬁté ég{-’ééd %M %‘?%l 1; e?ﬁz'ﬂ@ Usgjé1 l%7996 125.
The thin \f'él%mngfl O?Alﬁ'sﬁb1\3¢§icfl'65ﬁlb‘%6t bORREdSESy RrAEAM Gufi ke St ze of equal to
or smaller than I'Onm the nean grain size renaining equal to or less than

| Onm af t emidrib@ yéthilife b bifoihoaX RASEOWhOstabIt afBevRUNhanataliak ot 88T Rpout 500C
for atine of at | east about 30 mnutes in a vacuum anneal. |26. The thin
filmof c$abusl1Ad50unt Gefileonprihai degpositatedano dredlidrs ifihe sofihe qifblsidmal or
smaller than I nm the nean grain size remaining equal to or less than 1nm
af t er t hepohémies df teiT8Z8V fibs edult bedetahyiear ahugading ot aigh temgizratatsout  500C f or

a tinme of at |east about 30 mnutes in a vacuum anneal. |127. The thin film
of cl ai mRayligsndicade byt the HARY Hdn hedgeed pehesionite isanmtalhodickecdisyiagé. |1 28. A
thin filmof, Ti ~Q5, NZ i nhibiting copper di fu3|on froma coppercontaining
mat er nal \aﬁ@ngahﬁvéatewl%uﬂt Eri Hy hinsaig had o¥egalt Biogeities ﬁlaharﬁ.ﬂg

a0 d 1 ar oot SERT QY KR ORECT i 424 18»3%4%31%\‘?%&&?%"%;3%3' ot | east
8 ff Th hi

2 mps;65“;v%41nlvz§ SRESR GEThRghE0 oA SRRyl o AL R TS The 0

thin film, ula&wﬁm b ng 58 tﬁmf%@qsswguréwnm fé%tk?atﬂ{&é@n%bom sOnm

131. The t aving a thrckness o romabout 2 nmto

about ,20nmpaled? diffligort d¥ i‘nv[d fmbqﬁzm Biya? 4128 VUi 8AnRRAPEL sHohiO4 TN
el ectrical ‘resistivity of equal to or "Il ess than 300~52cm 133. The thin

filmof ch@mb28 hdeedriasl Rsiiowshiae RBSprbflest the T Nifimaglee der@niagedevi ce.
35 SUBSTI TUTE SHEET (RULE 26J V4'O 02/ 1- 467G QCT/ LJSQA /1 ?29~C> (34. The

t hi n fil nhasfbeeh afrippd @ &ofrht Ineuferc dilr figira ggan veans gr apparchic Aegfinfonedual

Cu into the TiZrN layer after 5 hours at 700°C.
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to or less than 100nm the nean grain size remaining equal to or less than
100nm after the thin filmis exposed to a tenperature of at |east about

500C for wolbnies76f at | east about 30 minutes in a vacuum goreedol/1486. The
thin filmof claim128 further conprising a mean grain size of equal to or

smal | er than_ I On:'x]TA]gﬂE TR L 11ne%'f%131 Eo%n@s Onlqn?a%glgl LQc | ess than | Onm

after the thin f n1|s“éxpose ure o east about QOOC for

a tine of @trlieast Tap@udss M NUEES N _a vacuum annealn  136. zT1hel thin film

of claim|REEMNther cFflprisi in-€it7e ﬂfoé&ﬁnl £428r smal | er
S10; ~ 3000 u033 0 L0

than | nm thegmeah—graii. st zejreqarningsequa—+4o 0 IEB:b tihapInm after the

thin filmis exposed to a tenperature of at |east about 500C for a tinme of
at | east about 30 minutes in a vacuum anneal. 137. A thin film of

i ~Qy.NZO', inhibiting copper diffusion froma coppercontaining materia
and formed by sputtering a sputtering target in the . presence of a

ni trogen-contai ning gas and an oxygen-containi ng gas, wherein "Q' is a

| abel for said one or nore alloyilig elenents; said target conprising Ti
and one or nore alloying elenments having at | east a 8 percent difference in
atomc radii relative to titanium 138. The thin filmof claim 137 wherein
x=0.1-0.7, y=0.001-0.3; z=0.1-0.6. and w=0.0001-0.0010. 139. The thin film
of claim 137 having a thickness of fromabout ? nmto about SOnm [40. The
thin filmof claim2137 having a thickness of fromabout 2 nmto about 20nm
141. The thin filmof claim 137 further conprising an el ectrical
resistivity of equal to or Iower than 300yS2cm 3G SUBSTI TUTE SHEET ( RULE
26) WO 112/ 157f PCT/ US(i111799C 14?. The thin filmof claim 137 further
conprising a nean grain size of equal to or less than 100nm the nean grain
Ssize remaining equal to or less than 100nm after the thin filmis exposed
to a tenperature of at |east about 500C for a tinme of at |east about 30

m nutes in a vacuum anneal . 143. The thin filmof claim 137 further
conprising a nean grain size of equal to or smaller than | 0Onm the nean
grain size remaining equal to or less than |Onmafter the thin filmis
exposed to a tenperature of at |east about 500C for a tinme of at |east
about 30 mnutes in a vacuum anneal. 144. The thin filmof claim 137
further conprising a nean grain size of equal to or smaller than | nm the
mean grain size remaining equal to or less than 1nmafter the thin filmis
exposed to a tenperature of at |east about 500C for a tinme of at |east
about 30 mnutes in a vacuum anneal. 1|145. The TixQ, NZO', thin film of
claim 137 used as a Cu barrier layer in a mcroelectronic device. 146. A
sem conductor construction, conprising: a sem conductor substrate; a

mat eri al supported by the sem conductor substrate, and into which diffusion
of a netal is to be alleviated; a nass over the material and conprising the
nmetal; a intervening |layer conprising Ti and one or nore alloying el enents;
the intervening Layer being bet<veen the nmass and the material into which
diffusion of the netal is to be alleviated; the one or nore alloying
el enents at having | east one of: (l.) a standard el ectrode potential of

| ess than about -1.0"V; (2) a nelting tenperature of at |east about ?400C;
or (3) at least a 8 percent difference in atomc radii relative to
titanium and 37 SUBSTI TUTE SHEET (RULE 26) V4' O 02/ 1-467C
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PCT/ US111/1799C the intervening |layer alleviating diffusion of the netal

fromthe mass to the material relative to an anmount of diffusion that would
occur wi tvhowt/1131€ i nten~ening layer. |147. The constructi orcafusol/aiarm | 46

wherein the netal for which diffusion is to be alleviated is copper. . 148.
The construction of claim 146 wherein the one or nore alloying elenents are
selected fromthe group consisting ofxBejgpBg 4Al, Si, Ca, Sc, V, O, M, Fe,
Sr, Y, Zr, Cs, Ba, La, Hf, Ta, Ce, Pr, Nd, Sm Gd, Dy, Ho and Er. 149. The

construction of Tl ét%@myyhgéseu Cat$8]1, MECIOK aTBA@ivakleenh@it@l.ement s con
iprise Zr. 150. The constrlctlon of cl'aim 146 wherein the one or nore

al | oying SLEIRALSCEONRaRalor Aok THSCAATHERL BBl sebasmddagnerei n the

one or nore oyl ng enen S conpris const z- UCtIOﬂ of claim

146 wherein,t one nor el e ts conmpri se 3, .The
const r uctPBHY o1 "ERarirabe 5&@%%% sty T Gt B %\%ih'gﬂgmé?eﬁ&ﬁ&%
conprise. Al. 154. The construction of claim 146 wherein the one or nore
al | oyi ng arepgenequscdigprivasdomied; 85 allppevas sagitniac raphisimelddp frtus wher ei n
the one or nore alloying elenents conprise Nb. |56. The construction of

cl ai m 146biltbelak biltehevas fregat amodedbibioy coigyeatieme tiesmoorphdsel Mb. 157. The
construction of claim 146 Evherein the one or nore alloying el enents

conprise Iﬁ%cesééﬁancﬂh%u@a@&rrt@lgts%mmfo tgload. Mhd 46-1\hthal eirfeitit® one or nore
al I oyi ng el enents conprise Ta. 38 SUBSTI'TUTE SHEET (RULE 26] ~' 4~0

112/1. 18?@&’5&{@ . nsﬂe{g'mm% Aros e RW%&%%%[%& &l @l 1, hé@sgqyere'r‘ the

one or nore l'ements co | Se e construction claim

146 | t 161...Th

const Pace 0 3F s S‘Eﬁ TR S s PR RER O O B 0y Ty SR <
conprise Co. 16 The constructlon of .claiml46 wherei.n_ the one or nore

al | oyi ng E’IAéhIetht%ﬁlébh%jrfi Weckiness; of apgrpxinmfglye G bt lemiliet 1eSIHiVY 146 wher ei n

the one or nore alloying el enents conprise Ba. 164. The construction of
cl ai m 1l46ranpegdiom bpygrovinetdy 1801360 alCdeoyi ngl @ingmeed 8 veymordlsgainsize]l 65. The
construction of claim 146 whc,rein the one or nore alloying elenments

conpri se. wiRh cdffl nol BE nfeaQFEd H?erg‘ﬂa&f cddi@bd lﬂlcréér@st\élﬂﬁlre%h AntoRghonet al  for
which diffusion is to be alleviated is copper; and wherein the materi al

into which copper diffusion is to be alleviated is an electrically
insul ative materi al .

The embodiments described herein are exemplary embodiments, and it is to be
understood that the invention encompasses embodiments beyond those specifically
described. For instance, the chemical-mechanical polishing described as occurring
between the steps of Figs. 4 and 5, could instead be conducied after electrodeposition
of the copper material 70 that is shown in Fig. 6. Also, the anneal described with

20  reference to Fig. 5 as being utilized to form region 62 could be conducted instead after
the processing of Fig. 6. Additionally, although various aspects of the invention are
described with reference to creating barrier layers to alleviate copper diffusion, it is to
be understood that the methodology described herein can be utilized for creating
barrier layers that impede or prevent diffusion of metals other than copper; such as,

for example, Ag or Al.
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167. The construction of claim 146 wherein the netal for which diffusion is
to be alleviated is copper; and wherein the material into which copper

di ffusi owo92647be al | evi ated conprises silicon diohide. I/USIM7996
construction of claim 146 wherein the nmetal for which diffusion is to be

al | evi at egdyi pper; and wherein the material into which copper diffusion
is to be g#légm@at ed conprises BPSG 169. The construction of claim 146
wherein the nmetal for which diffusion is to be alleviated is copper; and
wherein the materi aI into whi ch copper diffusion is to be alleviated

conpr i sesy | Uor hngheshsl gt BB ity Bzﬁué’i diaheptivt & sangeant |ess than
or equal to 3.7 SU STI'TUTE SHEET (RULE 26 ~4' O 02/ 1-

PCT/ US0111788ikif0 mat&igal @0 Sbipeibing i ahd @haloﬁmﬂuﬁ@ eI dlembﬂts rmﬁ@ﬂ for
which diffusion is to be alleviated is copper; and v~Jherein the materi al

i nto whi ch hayepestankditiude@mdespotential ¢l lesvhat edowtodfyV.ses an insul ati ve
material with a dielectric constant |ess than or equal to 3.7. 40

SUBSTI TUTE SHEETh{ RulttErifg jargd;df chim. IANherdinthASaphkk-coribiningAhhteAallis A;

L. ANL. AN . A, . AN . AN . A

L. AaL. A9. Aatophar-basadmatdriahul. Au” . AaL. AuL. An’ ANL AYu ?. A" . A9. AL. Aa" . Aa . ANL
.AN'y. Aa" . AaL. Al N& Aa’ y$4DE: Fb e4 6 Ud u

06zupkf a\ ¥ ca] CE]I@sequcrap@a}aéaqt@é]c@aqldaqoelaqr@a]g@é}@aq e ey Lafedd cal ca] c’al

ca] ca] ca] ca] Eia c:a]calc”a]calcTalc $* $- $$&N ﬁél—l*ztol e [Vc

a] ca] ca] ca] ¥ aJBF%%f]télé]’% ecgaf]%]é]dc‘g &p&%{]t@épé %& HgrcaidrtiYera) cav ca)

cal A e b RbSiben g%&%%?]%)iﬁhl&@f‘?ﬁéﬁ‘%%}‘é51]18&]“851"%%3“63&}‘&%‘] ca] cal cal ¢
o] oa calcal YA gl s ) e

445V\555 666
==y@vql gb} lgal ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ¢
a] caJ ca] ca] ca ?ca] ca] ca] ca] ca] ca] ca] ca! y@#AuAoCCCCE4AFFFFI BJLM MLMVIVNOOOO

COTQUTUr USIU} xs “'rﬁaé;ldrﬂeﬁﬁ% %&%]f%ﬁa]nﬁq] &HehEﬁltﬁélaﬁea&ﬁﬁbx%aa]ll%gil%%l&ﬁéxﬁ@] caj ca] ca
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dHe_eeTgWugigGtXttel Alohx&Righaf dderlis@beBECB] ABREa] £ 3Lcw] ca)3 @}(Fé] @] cajcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] calzZjjj, k\ kk Enm&no000
pWoagppq[ qqq¥r, Zirf Ey B, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er.
x}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ¢a] ca] ¢th{ sajticajg &irgetjof alagm!l wherein the one or more alloying elements
x+x{r 5EUK] T%ZY] _k{upkfa\ W] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] c”a] cal]
ca] ca] ca] ca]l@aqe}:@}@,c&]‘r@a] 8| caie speditiend oo dluar @afdd kndg8sf } xsni d_Ykfa\ W
]1c”Ma] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] cal] ca] caI] ca] ca] ca] ca] ca] c”a]
c aU ca] c a]7c al c ajfg aq%re&}zg&et%fg%m 1 whel ein the one or mofe alloying elemerits

"k( Uzupkf a[ ca ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] caU] € % ] ca] ca] ca] ca] ca] ca] ca! UXvyl* ehHLOw*/ {vql gb] W U] ca] ca] ca

b ca] cal) 2?1:2?’5%? MRS PO el DU Pl R SPERRBHE) C5) cal

a] ca] cay] cal salgalical ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca! ORpg~yt
oj e [ U] ca] cafré ]%ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca]ca]]ca]ca] ca]ca]ca]c

al ca] ca] ga] ca] g8} gl alic@tapdcat ¢akf Dehkrein tHOHe or more alloying

elements comprise Hf.

10. The sputtering target of claim 1 wherein the one or mote alloying elements
comprise V.

11. The sputtering target of claim 1 wherein the one or more alloying elements
comprise Cr.

12, The sputtering target of claim 1 wherein the one or more alloying elements

comprise Mn.
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13. The sputtering target of claim 1 wherein the one or more alloying elements
comprise Fe.

14. The sputtering target of claim 1 wherein the one or more alloying elements
comprise Al

15. A sputtering target used for forming a barrier layer relative to a Cu-
containing material and comprising Ti and one or more alloying elements
having at least a 8 percent difference in atomic radii relative to titanium.

16. The sputtering target of claim 15 wherein the one or more alloying
elements are selected from the group consisting of Al, Ca, Mn, Fe, Co, Ni, Y,
Zr and Hf.

17. The sputtering target of claim 15 wherein the one or more alloying elements
comprise Co.

18. The sputtering target of claim 15 wherein the one or more alloying elements

comprise Ni.

19. The sputtering target of claim 15 wherein the one or more alloying elements
comprise Y.
20. A sputtering target used for forming a barrier layer relative to a Cu-

containing material and comprising Ti and one or more alloying elements
having at least a 20 percent difference in atomic radii relative to titanium.

21. The sputtering target of claim 20 wherein the one or more alloying
elements are selected from the group consisting of Be, B, C, Si, P, S, Cs, Ba,
La, Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er and Yb.

22. The sputtering target of claim 20 wherein the one or more alloying
elements are selected from the group consisting of Ce, Pr, Nd, Sm, Gd, Dy,
Ho, Er and Yb.

23. The sputtering target of claim 20 wherein the one or more alloying elements

comprise Ba.
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comprise La.

25. The sputtering target of claim 20 wherein the one or more alloying
elements comprise Yb.

26. A sputtering target used for forming a barrier layer relative to a Cu-
containing material and comprising Ti and one or more alloying elements
which have a melting temperature of at least about 2400°C.

27. The sputtering target of claim 26 wherein the one or more alloying
elements are selected from the group consisting of C, Nb, Mo, Ta and W.

28. The sputtering target of claim 26 wherein the one or more alloying
elements comprise Nb.

29. The sputtering target of claim 26 wherein the one o1 more alloying
elements comprise Mo.

30. The sputtering target of claim 26 wherein the one or more alloying
elements comprise Ta.

31 The sputtering target of claim 26 wherein the one or more alloying
elements comprise W.

32. A sputtering target consisting essentially of Ti and Zr; and containing less

than 12 atomic percent Zr.

33. The sputtering target of claim 32 containing less than 8 atomic percent Zr.
34, The sputtering target of claim 32 containing less than 6 atomic percent Zr.
35. The sputtering target of claim 32 containing less than 2 atomic percent Zr.
36. The sputtering target of claim 32 containing from 2 atomic percent to less

than 12 atomic percent Zr.
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have a standard electrode potential of less than about -1.0V; said sputtering target

not including binary alloys of TiAl and TiSi: and further not including binary
alloys of TiZr in which Zr is present in the range of 12-18 atom% or in the range of
32-38 atomY%.

38. The sputtering target of claim1 37 wherein the one or more alloying elements
are selected from the group consisting of Be, B, Ca, Sc, V, Cr, Mn, Fe, S, Y, Cs,
Ba, La, Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er.

39. The sputtering target of claim 37 wherein the one or more alloying elements

are selected from the group consisting of Be, Ca, Sr and Ba.

40. The sputtering target of claim 37 wherein the one or more alloying elements
comprise B.
41. The sputtering target of claim 37 wherein the one or more alloying

elements comprise Hf.

42. The sputtering target of claim 37 wherein the one or more alloying elements
comprise V.
43, The sputtering target of claim 37 wherein the one or more alloying elements

comprise Cr.

44, The sputtering target of claim 37 wherein the one or more alloying elements
comprise Mn.

45, The sputtering target of claim 37 wherein the one or more alloying elements
comprise Fe.

46. A sputtering target comprising Ti and one or more alloying elements having
at least a 8 percent difference in atomic radii relative to titanium; said sputtering
target not including binary complexes of Ti and alloying elements selected from
the group consisting of Al and Si; said sputtering target also not including binary
complexes of Ti and Zr in which Zr is present in the range of 12-18 atom% or in

the range of 32-38 atom%.
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comprise Co.

50.

The sputtering target of claim 46 wherein the one or more alloying elements

comprise Ni.

S51.

The sputtering target of claim 46 wherein the one or more alloying elements

have a difference in atomic radii of at least 20% relative to Ti.

52.

The sputtering target of claim 51 wherein the one or more alloying elements

are selected from the group consisting of Be, B, C, P, S. Cs, Ba, La, Ce, Pr, Nd,

Sm, Gd, Dy, Ho, Er and Yb.

53.

The sputtering target of claim 51 wherein the one or more alloying elements

are selected from the group consisting of Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er and Yb.

54.

The sputtering target of claim 51 wherein the one or more alloying elements

comprise Ba.

55.

The sputtering target of claim 51 wherein the one or more alloying elements

comprise La.

56.

The sputtering target of claim 51 wherein the one or more alloying elements

comprise Yb.

57.

A sputtering target comprising Ti and one or more alloying elements which

have a melting temperature of at least about 2400°C; said sputtering target not

including binary alloys of Ti and W in which W is the range of 35-50 atom %; said

sputtering target also not including binary alloys of Ti and Nb in which Nb is the

range of 6-8 atom %.

58.

The sputtering target of claim 57 wherein the one or more alloying elements

are selected from the group consisting of C, Mo, and Ta.
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comprise Ta.

61. A sputtering target used for forming a barrier layer relative to a silver-
containing material and comprising Ti and one or more alloying elements having
at least one of: (1) a standard electrode potential of less than about -1.0V; (2)
a melting temperature of at least about 2400°C; or (3) at least a 8 percent
difference in atomic radii relative to titanium.

62. The sputtering target of claim 61 wherein the one or more alloying elements
comprise Zr.

63. A sputtering target used for forming a barrier layer relative to an aluminum-
containing material and comprising Ti and one or more alloying elements having
at least one of: (1) a standard electrode potential of less than about -1.0V; (2)
a melting temperature of at least about 2400°C; or (3) at least a 8 percent
difference in atomic radii relative to titanium.

64. The sputtering target of claim 63 wherein the one or more alloying elements
comprise Zr.

65. A means for forming a Cu bartrier layer by sputter-depositing a film from a
target comprising Ti and one or more alloying elements selected from the group
consisting of Be, B, Al, Si, Ca, Sc, V, Cr, M, Fe, Sr, Y, Zr, Cs, Ba, La, Hf, Ta,
Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er.

66. The means of claim 65 wherein the one or more alloying elements comprise
Zr.
67. The means of claim 65 wherein the one or more alloying elements comprise
V.
68. The means of claim 65 whereip the one or more alloying elements comprise
Cr.
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69. means of claim 65 wherein the one or more alloying elements comprise
Mn.
70. The means of claim 65 wherein the one or more alloying elements comprise
Fe.
71. The means of claim 65 wheiein the one or more alloying elements comprise
Al
72. A method of inhibiting copper diffusion into a substrate, comprising:
forming a first layer comprising Ti and one or moze alloying
elements over the substrate, the one or more alloying elements having a
difference in atomic radii relative to Ti of at least 8%; and
forming a copper-containing layer over the first layer; the first layer
inhibiting copper diffusion from the copper-containing layer to the
substrate.
73. The method of claim 72 wherein the copper-containing layer is a copper-

based layer.

74. The method of claim 72 wherein the one or more alloying elements are
selected {rom the group consisting of Al, Ca, Mn, Fe, Co, Ni, Y, Zr and Hf.

75. The method of claim 72 wherein the one or more alloying elements comprise
Y.

76. The method of claim 72 wherein the one or more alloying elements have a
difference in atomic radii of at least 20% relative to Ti.

71. The method of claim 76 wherein the one or more alloying elements are
selected from the group consisting of Be, B, C, Si, P, S, Cs, Ba, La. Ce, Pr, Nd,
Sm, Gd, Dy, Ho. Er and Yb.

78. The method of claim 76 wheretn the one or more alloying elements comprise
Ba.
79. The method of claim 76 wherein the one or more alloying elements comprise
La.
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Yb.
81. A method of inhibiting copper diffusion into a substrate, comprising:
forming a first layer comprising Ti and one or more alloying
elements which have a standard electrode potential of less than about -
1.0V over the substrate; and
forming a copper-containing layer over the first layer; the first layer
inhibiting copper diffusion from the copper-containing layer to the
substrate.

82. The method of claim 81 wherein the one or more alloying elements are
selected from the group consisting of Be, B, Al, S1, Ca, Sc. V, Cr, Mn, Fe, Sr, Y,
Z1, Cs, Ba, La, Hf, Ta, Ce, Pr, Nd, Sm, Gd, Dy, Ho and Er.

83. The method of claim 81 wherein the layer consists essentially of the Ti and
the one or more alloying elements.

84. The method of claim 81 wherein the layer consists of the Ti and the one or

more alloying elements.

85. The method of claim 81 wherein the one or more alloying elements comprise
Zx.

86. The method of claim 81 wherein the one or more alloying elements comprise
V.

87. The method of claim 81 wherein the one or more alloying elements comprise
Cr.

88. The method of claim 81 wherein the one or more alloying elements comprise
Mn.

89. The method of claim 81 wherein the one or more alloying elements comprise
Fe.

90. The method of claim 81 wherein the one or more alloying elements comprise
Al
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deposition from a target comprising the Ti and the one or more alloying elements
which have a standard electrode potential of less than about -1.0V,

92. A thin film of Ti Q,N, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in a nitrogen
atmosphere, wherein "Q" is a label for said one or more alloying elements;
said target comprising Ti and one or more alloying elements which have a
standard electrode potential of less than about -1.0V.

93. The thin film of claim 92 wherein x=0.1-0.7, y=0.001-0.3, and z=0.1-0.6.

94, The thin film of claim 92 having a thickness of from about 2 nm to about
50nm.

95. The thin film of claim 92 having a thickness of from about 2 nm to about
20nm.

96. The thin film of claim 92 further comprising an electrical resistivity of
equal to or less than 300pQecm.

97. The Ti,Q,N, thin film of claim 92 nsed as a Cu barrier layer in a
microelectronic device.

98. The thin film of claim 92 further comprising a mean grain size of equal
to or less than 100nm, the mean grain size remaining equal to or less than
100nm after the thin film is exposed to a temperature of at least about 500°C
for a time of at least about 30 minutes in a vacuum anneal.

99. The thin film of claim 92 further comprising a mean grain size of equal
to or smaller than 10nm, the mean grain size remaining equal to or less than
10nm after the thin film is exposed to a temperature of at least about 500°C

for a time of at least about 30 minutes in a vacuum anneal.
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to or smaller than 1nm, the mean grain size remaining equal to or less than
1nm after the thin film is exposed to a temperature of at least about 500°C for
a time of at least about 30 minutes in a vacuum anneal.

101. A thin film of Ti,Q,N,O,, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in the
presence of a nitrogen-containing gas and an oxygen-containing gas, wherein
"Q" is a label for said one or more alloying elements; said target comprising Ti
and one or more alloying elements which have a standard electrode potential
of less than about -1.0V.

102. The thin film of claim 101 wherein x=0.1-0.7, y=0.001-0.3, z=0.1-0.6,
and w=0.0001-0.0010.

103. The thin film of claim 101 having a thickness of from about 2 nm to
about 50nm.

104. The thin film of claim 101 having a thickness of from about 2 nm to
about 20nm.

105. The thin film of claim 101 further comprising an electrical resistivity of
equal to or lower than 300pQecm.

106. The thin film of claim 101 further comprising a mean grain size of equal
to or less than 100nm, the mean grain size remaining equal to or less than
100nm after the thin film is exposed to a temperature of at least about 500°C
for a time of at least about 30 minutes in a vacuum anneal.

107.  The thin film of claim 101 further comprising a mean grain size of equal
to or smaller than 10nm, the mean grain size remaining equal to or less than
10nm after the thin film is exposed to a temperature of at least about 500°C

for a time of at least about 30 minutes in a vacuum anneal.
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to or smaller than 1nm, the mean grain size remaining equal to or less than
1nm after the thin film is exposed to a temperature of at least about 500°C for
a time of at least about 30 minutes in a vacuum anneal.

109. The Ti,Q,N,O,, thin film of claim 101 used as a Cu barrier layer in a
microelectronic device.

110. A thin film of Ti,Q,N, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in a nitrogen
atmosphere, wherein "Q" is a label for said one or more alloying elements;
said target comprising Ti and one or more alloying elements which have a
melting temperature of at least about 2400°C.

111. The thin film of claim 110 wherein x=0.1-0.7, y=0.001-0.3, and z=0.1-
0.6.

112. The thin film of claim 110 having a thickness of from about 2 nm to
about 50nm.

113. The thin film of claim 110 having a thickness of from about 2 nm to
about 20nm.

114. The thin film of claim 110 further comprising an electrical resistivity of
equal to or less than 300pQecm.

115, The Ti,Q,N, thin film of claim 110 used as a Cu barrier layer in a
microelectronic device.

116. The thin film of claim 110 further comprising a mean grain size of equal
to or less than 100nm, the mean grain size remaining equal to or less than
100nm after the thin film is exposed to a temperature of at least about 500°C

for a time of at least about 30 minutes in a vacuum anneal.

33

SUBSTITUTE SHEET (RULE 26)



H 10%& ()-% H 10%& ()-%?; F! H 10%& () - 9BS=S>SASFSISZS~_@C H 10%
H 109%& ()- % H 109%& ()- % H 109%& ()- % H 10%& ()-% ?; F!

H 109%& (WoXZ8186SbSgSns{ S~ @C H 10% H 109%& () - % H 109 10)SHE17996
H 10%& ()-% H 10%& ()-%?; F! H 10%& () - % S~-SSSSSS~_@C H! 10%

H 10%8&' ()- % H 10%& ()- % H 10%& ()-% H 10%& ()-%2; F!

H 10%8& () 196SSESDmin@ie: bt A0 1 k) L0VRE ot s O9REn (gra ¥ size of equal

to or smaller than 10nm, the mean grain size remaining equal to or less than
10nm after the thin film is exposed to a temperature of at least about S00°C
for a time of at Jeast about 30 minutes in a vacuum anneal.

118. The thin film of claim 110 further comprising a mean grain size of equal
to or smaller than 1nm, the mean grain size remaining equal to or less than
1nm after the thin film is exposed to a temperature of at least about 500°C for
a time of at least about 30 minutes in a vacuum anneal.

119. A thin film of Ti,Q,N,O,, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in the
presence of a nitrogen-containing gas and an oxygen-containing gas, wherein
"Q" is a label for said one or more alloying elements; said target comprising Ti
and one or more alloying elements which have a melting temperature of at
least about 2400°C.

120. The thin film of claim 119 wherein x=0.1-0.7, y=0.001-0.3, z=0.1-0.6,
and w=0.0001-0.0010.

121. The thin film of claim 119 having a thickness of from about 2 nm to
about 50nm.
122. The thin film of claim 119 having a thickness of from about 2 nm to

about 20nm.

123.  The thin film of claim 119 further comprising an electrical resistivity of
equal to or lower than 300pQecm.

124, The thin film of claim 119 further comprising a mean grain size of equal
to or less than 100nm, the mean grain size remaining equal to or less than
100nm after the thin film is exposed to a temperature of at least about 500°C

for a time of at least about 30 minutes in a vacuum anneal.
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to or smaller than 10nm, the mean grain size remaining equal to or less than
10nm after the thin film is exposed to a temperature of at least about 500°C
for a time of at least about 30 minutes in a vacuum anneal.

126.  The thin film of claim 119 further comprising a mean grain size of equal
to or smaller than 1nm, the mean grain size remaining equal to or less than
Inm after the thin film is exposed to a temperature of at least about 500°C for
a time of at least about 30 minutes in a vacuum anneal.

127. The thin film of claim 119 used as a Cu barrier layer in a microelectronic
device.

128. A thin film of Ti,Q,N, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in a nitrogen
atmosphere, wherein "Q" is a label for said one or more alloying elements;
said target comprising Ti and one or more alloying elements having at least a
8 percent difference in atomic radii relative to titaniun.

129.  The thin film of claim 128 wherein x=0.1-0.7, y=0.001-0.3, and z=0.1-
0.6.

130. The thin film of claim 128 having a thickness of from about 2 nm to
about 50nm.

131. The thin film of claim 128 having a thickness of from about 2 nm to
about 20nm.

132. The thin film of claim 128 further comprising an electrical resistivity of
equal to or less than 300pQecm.

133. The thin film of claim 128 used as a Cu barrier layer in a microelectronic

device.
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to or less than 100nm, the mean grain size remaining equal to or less than
100nm after the thin film is exposed to a temperature of at least about 500°C
for a time of at least about 30 minutes in a vacuum anneal.

135.  The thin film of claim 128 further comprising a mean grain size of equal
to or smaller than 10nm, the mean grain size remaining equal to or less than
10nm after the thin film is exposed to a temperature of at least about 500°C
for a time of at least about 30 minutes in a vacuum anneal.

136.  The thin film of claim 128 further comprising a mean grain size of equal !
to or smaller than 1nm, the mean grain size remaining equal to or less than
1nm after the thin film is exposed to a temperature of at least about 500°C for
a time of at least about 30 minutes in a vacuum anneal.

137. A thin film of Ti,Q,N,O,, inhibiting copper diffusion from a copper-
containing material and formed by sputtering a sputtering target in the
presence of a nitrogen-containing gas and an oxygen-containing gas, wherein
"Q"is a label for said one or more alloying elements; said target comprising Ti
and one or more alloying elements having at least a 8 percent difference in
atomic radii relative to titanium.

138.  The thin film of claim 137 wheiein x=0.1-0.7, y=0.001-0.3, z=0.1-0.6,
and w=0.0001-0.0010.

139, The thin film of claim 137 having a thickness of from about 2 nm to
about 50nm.

140.  The thin film of claim 137 having a thickness of from about 2 nm to
about 20nm.

141. The thin film of claim 137 further comprising an electrical resistivity of

equal to or lower than 300pQecm.
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elements; the intervening layer being between the mass and the

material into which diffusion of the metal is to be alleviated; the one

or more alloying elements at having least one of: (1) a standard

electrode potential of less than about -1.0V; (2) a melting

temperature of at least about 2400°C; or (3) at least a 8 percent

difference in atomic radii relative to titanium; and
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158. The construction of claim 146 wherein the one or more alloying elements

comprise Ta.
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. & 16?. %e construction of claim 146? X«%‘elm the one or more alloying elements

comprise Co.

162. The construction of claim 146 wherein the one or more alloying elements
comprise Ni.

163. The construction of claim 146 wherein the one or more alloying elements
comprise Ba.

164, The construction of claim 146 wherein the one or more alloying elements
comprise La.

165. The construction of claim 146 wherein the one or more alloying elements
comprise Yb.

166. The construction of claim 146 wherein the metal for which diffusion is to be
alleviated is copper; and wherein the material into which copper diffusion is to be
alleviated is an electrically insulative material.

167. The construction of claim 146 wherein the metal for which diffusion is to be
alleviated is copper; and wherein the material into which copper diffusion is to be
alleviated comprises silicon dioxide.

168. The construction of claim 146 wherein the metal for which diffusion is to be
alleviated is copper; and wherein the material into which copper diffusion is to be
alleviated comprises BPSG.

169. The construction of claim 146 wherein the metal for which diffusion is to be
alleviated is copper; and wherein the material into which copper diffusion is to be
alleviated comprises fluorinated silicon dioxide with a dielectric constant less than

or equal to 3.7.
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alleviated is copper; and wherein the material into which copper diffusion is to be

alleviated comprises an insulative material with a dielectric constant less than or

equal to 3.7.
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