200S WD 02/ 14576 PCT/ USOL/ 17996 SPUTTERI NG TARGET TECHNI CAL FI ELD The

i nvention pertains to titaniumalloy thin films wth inproved copp ﬁBZWB
diffusion barrier properties. The invention also pertains to titaniumalloy
sputtering targets, and additionally pertains to nmethods of inhibiting
copper diffusPomwidsmé o substrates. 10 BACKGROUND OF TI C | NVENTISON 7996
Integrated circuit interconnect technology is changing from al um num
subtractive processes to copper dual damascene processes. The shift from
alum num and its alloys to copp®UTEFANF t$RE8F] oys i s causi ng new barrier

| ayer materials, specifically TaN, to be developed. TiN filnms, which were
used in alum num technol ogies, could be fornmed by, for exanple, reactively
sputtering a titaniumtarget in a nitrogen-conprising sputtering gas

at nosphere. TEKRHNKBAL FiELDPeportedly poor barrier layers relative to
copper in conparison to TaN because the diffusivity of copper atons

t hrough Ti N fi | nsThesinvesion petainsTtp ditamivsh plgyghinddwe wath d@pigivehCorPR barri er

| ayers are described with reference 20 to Figs. 1.and 2. Specif.ically,

Fig. | ill us&%élﬁ‘é?g%amﬁ? BPEFPEY Wgrryeston innerEon LG Vamrmalioy seHrieg g 2

i el 1y olpg A RRR Rtintid efoh HibEhe LAMELEMER G, 1, g

Vaf er fragmegipsd@econpri ses a substrate 12 which can conprise, for exanple,
nmonocrystalline silicon. To aid in interpretation of the clains that
follow, the terns "sem conductive substrate” and "sem conductor substrate”
are defined to nean any construction conprising serniconductive material,
i ncl udi ng bBA EROUND &1F THE INVENTEAN; conducti ve materials such as a
sem conducti ve vvain?er ej ther ,al one or in _ asse si ng ot her

ny,

i, I
material s t hereony S SBHARACPVESTREIORY IS W%&Z&‘g‘%%‘f‘%r al one or in
assenblies CQERLLHlNPoRbRElo WWBh&E dudl FhrascElEplolstds. THR SHiR3H din aluminum -

and its alloys to copper 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  toFigs. 1 and 2. Specifically, Fig. 1 illustrates a preferred barrier Jayer construction, =

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

Referring initially to Fig. 1, 2 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 semjconductive material layers

(either alone or in assemblies comprising other materials). The term “substrate”

1



| - 3 FEB 2005 WO 02/ 14576 PCTIUSOL / 17996 refers to any supporting
structure, including, but not limted to, the sem conductive substrgiﬁFﬂmb
descri bed above. An insulative layer 14 is formed over substrate 12.

I nsul ative | ayer 14 can conprise, for exanple, silicon dioxide or

bor ophosphosid éx¢@ate gl ass (BPSG. Alternatively, |layer ldpcpos@gnpgi se
fluorinated silicon dioxide having a dielectric constant |ess than or
equal to 3.7, or a so-called "lowk" dielectric material. In- particular

enbodi ment s reflaﬁ)f@ﬁn)lﬂl 5@1{111%5&%&1;& t—i‘n@rum?%u! R VBB, el sehiddawmholige @
di el ectric constant” | ess than or "equal 0. A barrier layer 16 is forned

to extend wstisirated déscgbweinbbie.i nsul ati ve material 14, 10 and a
copper-containing seed |ayer 18 is fornmed on barrier |layer 16. Copper-

cont ai ni ng seed |Aayinsulali®e bayer Wais fomed dvénspbiiate i@x dngulative Spyat 1‘b¢mdeposi tion
froma high purit¥ copper target, with the term "high purrty referring to
a target hagPmgrigs lor |eéﬁ§mlc=9§mggg%\tbiwb9r0(3hosehosﬂ% Qgﬁ.fﬁ (BRS

- t 20 f t d |
o, and can AB Gy 1 TR °¥1§§rm%q%é§1ﬁoaﬁfr§rrfe&%?ﬂa§b”'%‘%%ﬁeom o
seed |ayer 1f g&?%@?ﬁma&gpé 51%@97 HP&%J !:zﬁf dzﬁwai‘dd)eléaﬁgnia?e}ﬁ%f 8 can

together be referred to as ased | ayer per-based nass.

Barrier | ayehrtiblat &nﬁﬁd%ﬂi@qla)replpé&\&ﬁrpne@mguwh»fefmamhm@gm materials 18
and 20 into insulative material 14. It has been reported that prior art

titani um nmatdelecalisconstent2éss e os quahkl 20as barrier |ayers for preventing
di ffusion of copper. Problens associated wth prior art
titani um conpri sﬁ*@ﬂmiﬂ@fer h¢§falmﬁdd@eS%tﬁmb‘é’ﬂhwaﬂﬁnﬁlélﬁléﬁ%‘%’ée myiqray 14,2,

whi ch sh t t t dified t
i | : Est féf(’)\gs% gfgfpgrsc‘%ﬁ%ﬁl;ngg%e lgé%o afT’eérkfyﬁekbs ﬁrjmé’l f: tGanr Sm or

titani um ni EFﬁtg%é@ésEedﬁta%%r &g%tg?]aéfonﬁ@%f;* %Ié %ﬁﬁeﬁ%ﬁ%ﬁé&ﬁbﬂn% Fig. 2

shows channe ten roug rier annel s 22 can
resul t fromhidl ptiftpopgéathipeg hvahitke B85S B]ﬁiglabﬁﬁy’ﬂ\&cﬁ'éinhé'l&) a target having at

least 99.995% purity (i.e., 4N5 purity). A copper-containing material 20 is formed
over copper-containing seed layer 18, and can be formed by, for example,
electrochemical deposition onto seed layer 18. Copper-containing material 20 -and
seed Jayer 18 can together be referred to as a copper-based layer or copper-based
mass.
Barrier layer 16 is provided to prevent copper diffusion from materials 18 and
20 into insulative material 14. 1t has been reported that prior art titaniwm materials are
20  not suitable as barrier layers for preventing diffusion of copper. Problems associated
with prior art titanium-comprising materials are described with reference to Fig. 2,
which shows the construction 10 of Fig. 1, but which is modified to illustrate specific
problems that can occur if either pure titanium or titanium nitride are vtilized as
barrier layer 16. Specifically, Fig. 2 shows channels 22 extending through barrier
Jayer 16. Channels 22 can result from columnar grain growth associated with the
titanium materials of barrier layer 16, Channels 22 effectively provide paths for
copper diffusion through a titanium-comprising barrier layer 16 and into insulative

material 14. The columnar grain growth can occur during formation of a Ti or TiN
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titaniummaterials of barrier |ayer 16. Channels 22 effectively provide
paths for copper diffusion through a titaniumconprising barrier _Ligyeryté6
and into insulative material 14. The columar grain growth can occur
during formation of a Ti or TiN2 - 3 FEB 7005 WD 02114576 PCT/17S01117996
| ayer 16, owvgdriagng hi gh tenperature processi ng subsequentrdmustha?oss
deposition. Specifically, it is found that even when prior art titanium
materials are deposited w thout columar grain, the materials can fail at
t enper at ur egayed 18XGABEnPhiph 2Nperdtire o subiequay @ #le BE@siLADI ens
described with reference to Fig. 2, there has been a devel opnent of

non-ti t ani urBpeeaificaldy, itivfoand dasedenwhah bfiosirpmmahiayenatditals sedenpsiteche materi al s
whi ch have been devel oped is tantalumnitride (TaN). It is found that TaN
can have a cviguwt egdunnarensndhe weiedals gamfaH aseppertre infwresodld E¥eni cal

tabilit ' I ti di ffusi ,
G 111 cul 1y associAFBARTHIY HOrRE PEPIORIek RO FOh rebeeecp it BPFean aie
it difficult ' l: . S 1 ' duct
Fabri cat i o 58 aEee o el AR RATE Bl iRy B e AR

al l oys can hpygaBWRRNHXL KIRE BaR £@lofaap Bhiah @S ninide COENAIIEH fbend it al um
both in the sputtering target and sputtered film thus naking them suitable

for hi gh- povieiN effiiave atiood®.naddrbetad-4iredagriin yisuaire asd poveheromslk statdliter i al t han
tantalum Accordingly, it is possible to reduce materials cost for the
mi cr oel ect r aaiad=rriandayst foy preatrtinigweeppes diffitsioni Hawiews, ofiflecypy@psoriatedr connect

technol ogy if, nethodol ogy coul d be devel oped for... utilizing. titani um conpri

si ng mat er i anéh Tal4g Baldhopeh 5o 8?@%35’6‘?7?)‘1“@%’?@ ‘{’rglséf’ f‘%‘fcé’?o%?allllbar rier

| ayers f.ar i.nhibitj | ffuUS] Y r krable. to

devel op l(ri'?ew mﬁr{xlgt%le:}%}}]gl gﬁéégl{né(?#\egglkﬁ%dgé}?ﬁaérlﬁ?%Hi%g%fé&'s E‘T]{tég% gag’s@%ar rier

layers for |jpRedhid ek H%Q%titan]jﬁﬁédﬁﬂ% L 0ha70 BRREoinEdhdsicaPbropeigest | t ani um
eo

conprising materials can any purity, but are preferably high purity;
with the terdompategho ptahing; bottefhahe spugeting targebangeputieasd gy thats nhabigt  99. 95%
purity (i.e., 3N5 puritK). o
- them sujtable for high-power applications.
Titanium alloys are a lower cost material than tantalum. Accordingly, it is
. possible to reduce materials cost for the microelectronics industry relative to
-.utilization of copper inlerconnect technology if methodology could be developed for
utilizing titanium-comprising materials, instead of tantalum-comprising materials, as
barrier layers for inhibiting copper diffusion. It is therefore desirable to develop new
_ titanium-comprising materials which are suitable as barrier layers for impeding or
20 . preventing copper diffusion. The titanium comprising materials can be of any purity,

but are preferably high purity; with the term “high purity” referring to a target having

~ at least 99.95% purity (i.e., 3NS5 purity).

SUMMARY OF THE INVENTION

The invention described herein relates to new titanium-comprising materials
which can be utilized for forming titanium alloy sputtering targets. These sputtering
- targets can be used to replace tantalum-comprising targets due 1o their high-strength

and resulting film properties. Specifically, in certain embodiments, the titanium alloy
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SUMMARY CF THE | NVENTI ON The invention described herein relates to new
titani umconprising materials which can be utilized for formng titanium
all oy sputtering targets. These sputtering targets can be used to! rie‘ipf”ﬁee
tantal um conprising targets due to their high-strength and resulting film
properties. woppaisiically, in certain enbodi nents, the titaitweoahtoy 3 VO
02/ 14576 PCT(USOL /77996 sputtering targets can be used to formbarrier

| ayers for Cu applications. The titanium alloy sputtering targets can be

reactively i ' RiulddQ SRTORI IS RG0S O bb Richfihs. TRS iRbBSPhere to
formtitani %F"ﬁ%ﬁ#ﬁaﬁ& film or al tre%at ?vel ylgr?r(\; ét ‘ni trogen conprising

and oxygen- GREPidufibAtg aiptRIABE RadtvelyQpitteréd iami nimghlcoypaxygeputteringii -t r ogen
thin film The thin films formed in accordance with the present invention
can have a mpayateobphereas feretitanistralioy vitrdde fllowordleoativelsiin 2 8diogen-vi t y, hi gh
chem cal stability, and barrier |layer properties conparable to those of
TaN. Furt hecomphiging mdtracmgwoazmrwg@émw TP Hofora i el et 953880 pr oduced in

d {th t t, .1 tion. -effect] : _
S condot S1EoRgBANRAET oH PiRdIaremin ghesperey “idort e R er i s, 10
one aspect, th aéegvn%gjckﬁ%g?ég%%ﬁ Rvsdittid &l 138t {idy, 8%h heRReEl sing Ti and
enmen I'C

one or nmore 4 oying e ave a standard €l'ectrode potential of

| ess-than - sﬂabﬁit%%&ba&@rlﬁﬁﬁpﬁﬁkﬁﬁ& chigdabid to thbse@f TEN. Fushrtesent it can be
desirabl e that they-are not present in the formof binary alloys with Ti

(W t h bi nar Yt hRsepuhainggarpetanaterials groflucad th AcSidpnceArith the prea¢ity, if a.
target conprises a binary alloy of TiZr, it can be desi ra}E),I e that Zr be
present in anveafigearoinore ensi-gffectige fu semicendustor apRjisatyns tEnege MEREHIY or it
can be desired to have.the Zr present in any anmount fromgreater than O
at onb t 301 edERHBMAYI2S oo i n Cu barri ér applications. In enbodi ments in

whi ch - the SPULt gfLRghak 46l incaIRhicRER ML b BhfteRhs ¥sddodbedmTmaal | of

the all oyi ng el een can have t ndard el ectrode potential of |ess
than -1.0 VQlt or Blord £%§inkRRMedlslwiIth Hae a sahdad blegrelegmntia of dassthave -t he

standard el ectrode potential of less than -1.0 volt. .

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
atorn%; or it can be desired to have the Zr present in any amount from greater than 0
atom% to Jess than 50 atom% in Cu bartier applications. In embodiments in which
the sputtering target comprises multiple alloying elements, all of the alloying elements -

20  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 inventicn encompasses a method of inhibiting copper
diffusion into a substrate. A first Jayer comprising titanjum 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.



I n anot her aspect, the invention enconpasses a nmethod of inhibiting copper
diffusion into a substrate. A first |ayer conprising titanium and ,_oi.nfr,,O@ .
nore alloying elenents which have a standard el ectrode potential of [ QJ
than -1 .OVvVis forned over the substrate. A copper-based |ayer is then
formed overwighpnkikst | ayer and separated fromthe subst par@sty7edhe first
| ayer. The first layer inhibits copper diffusion fromthe copper-based
layer to the SubShial ot b kbl nkiieh ARIASLE: BEReritiSEh87996 |0 yet
anot her "aspect, the invention enconpasses a sputtering target conprising Ti
and one or mamerslngrieabdomheralvri alememeivhich fateanfigipietbeatuggseadaer t han or
equal to 2400C. In enbodinents in which the sputtering target conprises

mul tiple al 894 preqeeldef@ECi fp endeidiments inovhigh thesputtefng hrgeledomipeistss ot her
than Ti can have @ﬁhe, rrelltin .tepperatuyre greater than or equal to 2400C,
or less tharPUPpleAIoyng legeni it e 11 o ahbe elemeps Rehathan, T4RRMEYEg
tenperature. er .t han..or equal, to 2400C. -1, t ot her. .aspect, the

i nvention entg%gn%glsn éésm%eraétblrl?ﬁr %lrtjelrrtl%antoé%ugﬁogfl %%Qp?’fﬁgﬁsﬁgmﬁl OeI;rtll%f one or nore

al | oyi ng el enghtris Whingi T @h 85Meafe hBGAS Q%&aﬁﬁ@ﬁ&atéﬂh&%%h%%io Ti of at
| east 8% or at |least 10% and in sone applications at |[east 20% In

enbodi ment s 2400%hi ch the sputtering, target conprises nultiple alloying

el enents; all of the alloying elenents can have the -difference in atomc
radii relative t3nTrtaspthgr asppeabe gegtiop enjompessehaspudikiingipreehe al | oyi ng

el enents can have. ttSJre d%fference ]i{\,at?m' c r%g%k relative to Tj of at

| east 8% FOP PIAP8<ea DN HEiHPPTRG TIPS VI EHES=8 BAOPHHR Ll ai ns t hat
foll ow, "ti.lan] ’ [ ' q ' ho i ch
i tan un s "Senoy o Mhap By sRELERIE Job, ARG B3 BpBL kA 20 I 20 o
an el ement  tdiodirSeniin vhidBdhe Eitrin@la@eBdbinptifesanapit kLS eleméy, bl . A

"majority elenent” is defined as an elenent which is present in |arger
concent r at i oif thewlivyingeletenty cap hevedht difftreacena pwrmiiatadii felithjede T of at
least 8%, or less than 2il 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
“titanjum-based” material is defined as a material in which fitanium is a majority
‘element, and an "alloying element” is defined 2s an element that is not a majornty
‘element in a particular material. A “majority element” is defined as an ¢lement 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 titanivm 1s present to only 30%, provided that no other element is present
in the material to a concentration of greater than or equal t0 30%. The other elements
present to concentrations of less than-or equal to 30% would be "alloying elements.”
Frequenily, titanium-based materials described herein will contain alloying elements
at concentrations of from 0.001 atom % to 50 atom %. The percentages and

-

concentrations referred to herein are atom percentages and concentrations, except, of



20 el enment can be a predom nate element of a material, but can also be
present as |less than 50%of a material. For instance, titanium can fbg
majority element of a material in which the titaniumis present to only
30% provided that no other elenment is present in the material to a
concentrati Qg @hsgEeater than or equal to 30% The other elcanesni/s?99gresent
to concentrations of |less than- or equal to 30% would be "alloying

el enents.” Frequently, titaniumbased materials described herein wll
contai n al | gyi-RIrRl8FEMicntrattons AUGRAkABEdsGperifdfallf (:0M0a0:dA6 be athemhda t 0 50
atom % The percentages and concentrations referred to heréin are atom

per cent ages ataithetdneged srajobamgatiamscept, of 5 FEB ?005 WO 02/ 14576

PCTI USO1/ 17996 course, for any concentrations and percentages s?eci fically
i ndi cated to be Atdigonallyafor patposns 9é mtcspregsbisshiscksweant thetqlams ha

Addi tionally, for purposes of interpreting this disclosure and the clains
that follo II@W'%'&fﬁa@‘fr:hﬁa@e&*ﬂ“‘ﬁ’éi ’étdFé'fediaé ARER @E%‘"‘WEF@P% in which
copper is the, ymjori tty el ement. BRI EF DESCRI PTI ON OF THE DRAW NGS _
Preferred emﬁmrﬁélﬁ?@nof the invention are described below with reference
to the follow ng acconpanying drawings. 10 1 Fig. 1 is a diagrammtic;
cross-sectional view of a prior art sem conductor wafer fragnent

i [Tustrati nGrarFaESCRINEIGN TEYTHEMRAMANGSparated from an insul ative
material by a Darrrer Tayer. . Fig. 2 is a viewof the Fig. 1 prior
art-waf er fragnentefértddesibodinments qfthedhemtion evhidewribedwbqi@ww&m@mnm i zi ng
prior art Ti-containing materials as the barrier layer. Fig. 3 is a

di agr anmat i &e felloinseecompspyng 912X sSf a semi conductor wafer ~fragnent at a
prelimnary step.of a nethod of. the present..l [ ' IS a view of
the Fig.193 waf ér Fi% éQﬁgﬁ’tagrfﬁ%\aﬂc’actmgs%cﬁ%gégé”sﬁwnééie{sﬁdeoggns?u%g:gaﬁléhjt? to that of
Fig. 4 wafer fragment illustrating a conductive copper material separated from an insulative

material by a barrier layer. : S -

Fig. 2 is a view of the Fig. 1 prior art-wafer fragment illustrating problems
which can occur 1;’Jhen utilizing prior art Ti-containing materials as the barrier layer.

Fig. 3 is a diagrammatic, cross-sectional view of a semiconductor wafer
fragment at a preliminary step of a method of the present invention.

Fig. 4 is a view of the Fig. 3 wafer fragment shown at a processing step
subsequent to that of Fig. 4.

Fig. § is a view of the Fig. 3 wafer fragment shown at a processing step

20  subsequent to that of Fig. 4.

Fig. 6 is a view of the Fig. 3 wafer fragment shown at a processing step
subsequent to that of Fig. 5.

Fig. 7 is an expanded view of a portion of the Fig. 5 wafer frapment.

Fig. 8 is a djagrammatic graph illustrating a relative concentration ofa
material “Q” relative to a copper-containing layer, TiQ layer and SiO layer along an

axis shown in Fig. 4.



Fig. 5is aviewof the Fig. 3 wafer fragnment shovmat a processing step
20 subsequent to that of Fig. 4. . Fig. 6 is a view of the Fig. 3 waf
fragment shown at a processing step subsequent to that of Fig. 5. ﬁI|ﬁgZUUE7

i s an expanded view of a portion of the Fig. 5 wafer fragnment. Fig. 8 is a
di agrammat i goghalkdiei | lustrating a relative concentration ofcrusomatsesial " Q'
relative to a copper-containing layer, TiQ layer and Si O | ayer along an
axis shown in Fig. 4. 6 . 1FERVE WD 02/ 14576 PCT/USOL /3 7996 Fig. 9 is a
di agrammatic graph gfs Eigljaﬁﬁﬂa\"g ﬁ?ﬂ%ﬁﬂéla'ﬁvb%hc‘éfmtraimﬁ%lfﬁ&ﬂa@énal'@ relative
to a copper-contalhi ng afler 'Il 6 ayer and Si O |l ayer along an axis shown
in Fig. 5. ;dihifhetdd cbﬁpe@-c@ﬂ@hlngﬂﬁﬁwm lyEp aV/@iBates along e ehiasioal in
properties of Ti-Zr 7l oys I n conparison to prior art Ta. Fig. 11 is a

di agrammat i Fig.6r oss-secti onal view of an exenplary sputtering target

construction. Fig. 12 is a graph illustrating a Rutherford Back;scattering
Spect r oscopy (RB@lommhan@h@mnaynﬁr@ﬁ@gwwm@b@ﬂ%ﬂ%’%‘fﬁ e 10 Fig. 13
is an illustration of sheet resistance of Tio.45Zro0.024No.52 The Rs

spacing is @Hosincemparsos ieyRRoT “the shown gradi ents correspond to 68.99;
67,88 ' 66,76, 69 6% 04 S 83142 0% HlnaClont 8y Al punbiy 14 15 o

graph illustrati -scattering Spectroscopy profile
Ti0.45Zro. 024 g@[ ﬁgm% I(;r vacuum annealing for 1 hour at from 450C to 700C.
Fig. 15 is a grap ustrating a Rutherford Back-scattering Spectroscopy
profile of .a Ti Zi tibiina fpiapiilRktraing stRutimefondB &k-icayeingfSpeeroacamf er . The
TiZrN thin filmand Cu layer being-initially part of a structure forned

i n accor dandBB&) profieof as-deposited Tio.as£10.024N0 52-

10 Fig. 13 is an illustration of sheet resistance of TigasZro.024Nos2. The Rs
.- spacing is equal to 1/3 sigma, and the shown gradients correspond to 68.99; 67.88;
66.76; 65.65; 64.54; 63.42; 62.31; 61.19; and 60.08.
Fig. 14 is a graph illustrating a Rutherford Back-scattering Spectroscopy
.« profile Tip4sZrg,024No 52 after vacoum 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 TiZsN thin film after stripping Cu layer from a wafer. The TiZrN 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 TiZiN layer after 5 hours at 700°C.
20
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



exenpl ary nmethod of the present invention. The illustrated data shows no
apparent diffusion of Cu into the TiZrN |layer after 5 hours at 70QC;_ 2 0t
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Exenpl ary enbodi mgrht “of
the present invention are described with reference to Figs. 3-9. Referring
initially tedi@ss78, a sem conductor wafer fragnment 50 is PATVIE? 9 ed.
Waf er fragnment 50 conprises a sem conductive material substrate 52, such
as, for exanple, nonocrystalline silicon. An insulative material 54 is
formed Ove'forﬁ)ggéﬁzﬁ@ Lo, RRCEANLI P PEPRE S8ah Sorh P d¥Bfbr bXngplé, ASHna | Ve

mat eri al erla 27 and 54 can conprise the sane materials as

descri bed \Nf&ﬂfoﬁ@éﬂ%%me@preﬂntamammﬁceaepmzesyso 02/ 14576 PCTI USOI / 17996 for
materials 12 and 14, respectively. Opening 56 can conprise, for exanple, a
trench for for nﬂtefeﬂﬁngjtbF@g)ppaebamerlayedﬁ&ﬁsfdammiswewm‘-ﬁmy@mrSP@WCbrr| ng'to
Fig. 4, a barrier layer 58 is fornmed over insulative layer 54 and wthin
openi ng 56. withiraepspingeic én chﬁa@%émﬁﬂégéﬁﬁem RyeHonobrTie AR éf | ayer 5 8

tit d fi d.t ff
oboequent | SOMBrHEtaAsp R RS ‘%? s?éw%ed S A AT R S
one aspect Ol NS kSO0 BB SlierbETn B SORLE SRS khiaband one

or nore el eff&HS I ectro potential (specifically,
a standard 'ia?gf‘f«é b&ﬁ&g}r&% f?ﬁﬁxhﬁ‘a‘ anH%ﬁéer BreWdntin® wHidlr havt Ektanfrér ence
0 ess

el ectr ode) an - OV (i.e. nore negative than -1.0 vol t) 10
Sui tabl e el emeﬁb&e ls‘cﬂéhnbb(sp@ifﬁenﬁd sfmdmtmcmmmnu@hamunedagﬂfbfa A] ,- Ba, Be,
Ca, Ce, Gs, , La, My, Nd, Sc, Sr, Y, M, V, Si. and Zr Ithough I n

particul ar éﬁﬁimeﬁemcﬁt@emﬁvée) of leserihen s 1M §-c-rpare perativeiban] 03&) or'Zr.

Further, barrier layer 58 can co essenti al he 2 and one

or nore 18I e%ﬁ?@eﬁﬁmeﬂﬁ C@E%S&}Faﬁﬁﬁma @8??%8@01]538{’%%? :B ']?é’léeégg‘t an about

-1. OV, i R barfel RBHsthbavi ng a
P Shsa i VR AT SR Fouone erfd

st andard eI I &ss t hal Barrier |layer 58 -can
al so conpri SR \Qm fetlReE ANidir@gen Fafiskr, Gésre hybmnsSaddiconst to the Ti- and

t he one or

essentially of the titanium and one or more elements having a standard electrode -

. potential of less than about -1.0V, or can consist of the titanium and one or more :

. elements having a standard electrode potential of less than -1.0V. Barrier layer 58.can
also comprise one or both of nitrogen and oxygen in addition to the Ti and the one or

. more elements having a standard electrode potential of less than -1.0V. Layer 58 can
be considered as a film formed over substrate 54, and in particular embodiments will
have a thickness of from about 2 nanometers to about 500 nanometers, and can

20 = specifically have a thickness of from about 2 nanometers to about 50 nanometers, or
can specifically have a thickness of from about 2 nanometers to about 20 nanometers.
In another aspect of the invention, barrier layer 58 comprises titanium and one

or more elements which have a melting temperature of greater than or equal 1o about
2400°C. Suijtable elements can be selected from the group consisting of Nb, Mo, Ta
and W. Further, barrier layer 58 can consist essentially of the titanium and one or
more elements having a melting temperature of greater than or equal to about 2400°C,

or can consist of the titanium and one or more elements having a melting temperature

of greater than or equal to about 2400°C. Barrier layer 58 can also COmprise one or
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nore el ements having a standard el ectrode potential of |less than - 1.0V
Layer 58 can be considered as a filmformed over substrate 54, and.jim;}5
particul ar enbodi ments will have a thickness of from about 2 nanoneters to
about 500 nanoneters, and can 20 specifically have a thickness of from
about 2 nane®wefzarsist o about 50 nanoneters, or can specifiRE@/VyIREYe a

t hi ckness of from about 2 nanoneters to about 20 nanoneters. |n another
aspect of the invention, barrier |layer 58 conprises titaniumand one or
nor e el enentsthefindtogeaned axyeeh i aigittcarnp thedl andthefongreatmrelairats lavingqual to
about 2400C. Suitable elenments can be selected fromthe group consisting
of Nb, M, Tanelipgitemperatipe plogreatprdper ereqpalyerbays2400rC c bRT g% c@sential |y of

the titani ] | t ' | ti f

or eat er 1 haRogRHR £ HEBE SUAOTTES S xR SoBP e 1 1 ani um and
] ' | th I

o about 2400t et il ol balihel TBERA 6 S Ra 3R ER 0" 021 19876

PCT[ US01 /1%8&@1‘1&‘?1};*33@a{Pﬁékﬁ@s@%?ﬁ%%b%%ﬁﬂoﬁa&eﬁqgEEJL@QD héhdnheerdi and the
one or nore elenents having a nelting tenperature of greater than or equal

to about 2400€elduyitthabide dieltig: tcRpaghsesiRteats titanfdr legud oy atedt BWETC substrat e
54, and in particular enbodinments will have a thickness of from about 2
nanonet er s tcen sibbilize &0tanamoatisoyaivs to whdctorsharspleitick eBhE plemgne. a t hi ckness
of from about 2 npanoneters to a,bou§> 20 nangneters, The el enents. having a

mel ting tenper at (% agechplaht wrtepRigAt the Péﬁﬁf&I‘r_“feB?‘%fb%‘ﬁthaﬁﬁ?ﬁﬁﬁpor@élhmst abili ze
a titanium %Ai%épgr%edg%igec{) sfxeﬁaillﬁpgéigrsi\ées?ﬂ%%% E&%ﬁ%&?@%rﬁ%ﬁrg&'{sﬁ% s. One

aspect of the résent 1 nvention at c e Inportant in

mai nt ai NhNY LeshiigfknBRld that HemtAERcbrPodRE hht ihd tANBHS-cORPriSREt tering
targets of the 10 present invention is that the el enents incorporated into
t he titani unargewpsn sdvegidnsit gieésswisialnate avee tko Bicdiferzesthavhibe htcanesinodr e t han
8% different than the atomc size of titanium and preferably nore than
10% or everefiitanium.irad predesbly friase dar 19%aer ovpromog B ¢0% B gt taptini um .

Such difference in atomc size distupt a ti tcani um | att ce e gtructure,
and accor di r‘i‘é‘?”@mlsﬁﬁ(?ggta@?’&' rguépﬁeﬁer\ﬁﬂ% FRICSHRE FATEIREY VRN E lide of
structure, and accordingly impede grain growth withinithe lattice. A magnitude of
difference in grain size between the titanium and the other elements 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 larger differences in size relative to
titanium than atoms having less difference in size relative to titanjum. A group of
20  elements having an atomic radii difference relative to titanium of at lezst 8% 15 Mn, .
Fe, Co, Niand 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
titaninm of greater than 8% (or in some applications greater than 20%) in combination

with titanium for forming barrier layers, and accordingly comprises sputtering targets
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e e ——————
difference in grain size between the titanium and the other elenents
incorporated into barrier layer 58 can effect the anount by whichiathf 7004
lattice is disrupted, and accordingly can-influence an anount of grain
grow h occurring at various tenperatures. It can - , therefore be
preferable 1“ 9{4L-jaze el ements having larger differences iycSusentesative
to titaniumthan atons having less difference in size relative to
titanium A group of 20 elenments having an atom c radii difference relative

Lo t1taniuml, b §88hunPad she Mmorddhsi @, 8, Mfidhe oo, 0y BB IHNRS

el enent s havi n8 ancatomc ra ference relative 'to titanium of at
least 20% i g ,Bee 3, N& SrhaGd, B8, HO Er, Bad $0. Nd. Sm S, &d, Dy, Ho, Er, and

el

Yb. It is noted that 'sone of the elenments having an atomc radii difference
relative to titanjuremsé, (h BatmiontthamBe4es gloyjrecatosnts thalfalk @yhingiee ] ap wi t h
the elenents having a standard el ectrode potential of Ie?s than -1.0V, and
some do not .cafEerigsr estemtard ¢learede potantish eblepraBaraboyt 114V2 2R e ment s havi ng

an atomc radii difference relative t t] jum of areafer,.: % (or in
sone appl i-cé@mwgmgercéﬁ@ﬁerfh?ama@q Bﬁ?oﬂtoiqbwaﬂ %ato’alctsﬁzeﬁ I}I%ﬁr:ﬁgt?r]rﬁg or
formng barrjer_l rs. .and accordi A r4 ' ets 9 - :
FEB 29011 v@“ﬁ‘z%%%é%&ﬁ%go%ﬁ’f’fg %l%%%%’?“ﬁ ST%SE’S% ??gﬁeﬁﬁﬁ gﬁﬁbﬁ% or rore
of Si, P, S’eléﬁerﬁ\)@m &8 a1 RithilNone It mBe of Bich@red/bategokias. Tadle 1 Rmot&id, Sm  Cd,
Dy, Ho, Er, an . I'n a sense, the invention enconpasses all oying

el ement st haf)-fhalkiviMistiieof tlmests teaticgohiness oamstead therthree cetegarséle pot ent i al
of less than about -1 .0OV; a nelting tenperature of greater than or equal
to about 2400C, or an atomc size which.is nore than 8%different than
the atomc size of titanium Table |I lists several exenplary elenents that
can fall within one or nore of such three categories. Table | is not an
all-inclusive listing of elenents that fit within one or nore of the three
categories. 10 WO 02/ 14576 TABLE 1

EETEN
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PCTI USOL/ 17996 Atom ¢ Radius % Atom c radius Standard El ectrode Melting
Point Element (A)difference fromTi Potential' (Volts) ("C 2.00 A).;irg 005
(Reaction) Al1.82-9 -1.70 (Al IA) 660 B1.17-41.5 -1.20 (B "1B) 2300
Ba2.7839 -3.53 (Ba /Ba)725 Bel.4-30 -1.80 (Be"/Be)1278 (C0.91-54.5 0. 14
(C44/ C) 3500w@ni2128%1.5 -3.26 (Ca /Ca)839 Ce2.735 -2.82 (CePCWTENN79H
Col.67-16.5 -0.88 (CO 1Co) 1495 Cr1.85-7,5 -1.37 (C/C) 1857 Cs3. 3467
-3.44 (Cs /Cs)28.5 Dy2.4924.5 -2.27 (Dy 4/ Dy)1412 Er2.4522.5 -2.51
(Er"/Er)1522 Fel.72-14 -1.10 (Fe '*/FaBLE3b Gd2.5427 -2.67 (Gd 1Gd) 1311
Ho2.4723.5 -2.58 (HO'/Ho) 1470 Hf 2.168 -2,24 (H | Hf) 2150 La2. 7437 -2.85 (Lad
/La) 920 Mnhl.79-10.5 -1.79 (M /WVn) 1245 M2.010.5 -0.63 (M)1Mo) 2617 Nb2.084

-0.94 (Nb / Nb)2468 Nd2.6432 -2.73 (Nd _1Nd) 1010
Atornic Radius | % Atomic radius Standard Electrode Melting Point
Element {A) difference from Ti Potential' (Volis) (°C)
(2.00 A). {Reaction)
Al 1.82 -9 -1.70 (AF1AD 660
B 1.47 415 -1.20 (B”'/B) 2300
Ba 278 39 -3.53 {Ba“'/Ba) 725
Be 1.4 -30 -1.8D (Be”'/Be) 1278
C 0.61 -54.5 0.14 (C™IC) 2500
Ca 2.23 11.5 -3.26 (Ca’'/Ca) B39
Ce 2.7 35 .2.82 (Ce™ICe) 795
Co 1.67 -16.5 -0.88 (Co”’/Co) 1495
Cr 1.85 7.5 -4.37 (CrICn) 1857
Cs 3.34 67 -3.44 (Cs ICs) 28.5
Dy 2.49 24.5 227 (Dy”'/Dy) 1412
Er 2.45 22.5 -2.51 (Er’IENR 1522
Fe 1.72 -14 -1.10 {Fe“'/Fe) 1535
d 2.54 27 -2.67 (Gd7/Gd) 1311
Ho 2.47 23.5 -2.58 (Ho”/Ho) 1470
Hf 2.16 ) 224 (R7IHR 2150
La 2.74 37 -2.85 (La”/La) 920
Mn 1,79 -10.5 -1.79 (Mn“"/Mn) 1245
Mo 2.01 0.5 -0.63 (Mo™/Mo) 2617
Nb 2,08 4 -0.94 (Nb”/Nb} 2468
Nd 2.64 32 -2.73 (NdING) 1010
Ni 1,62 -19 -0.67 (NiF/N) 1453
P 1,23 -38.5 -0.74 {P7/P) 44
Pr 2.67 335 -2.82 (Pr7/Pn) 935
S .09 -45.5 -0.11 (8°71S) 113
Sc 2.09 4.5 -2.34 {Sc”"/Sc) ~ 1530
Si 1.46 -27 -1.08 (SiF'ISi) 1410
Sm 2.59 28.5 -3.42 (Sm*"ISm) 1072
Ta 2.09 45 1.07 (Te™Ma) 2006
V 1,92 -4 1.7 (VTN 1890
W 2.02 1 -0.68 (W) 3410
Y 2.27 13.5 2.8 (YNY) 1523
Yb 2.4 20 - 824
Zr 2.16 8 -1.85 (Zr/Zr) 1852

Standard electrode potentials, specifically, a standard reduction potential measured using a cr
/C) reference electrode.
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Ni1.62-19 -0.67 (Ni /Ni)1453 P1.23-38.5 -0.74 (P /P)44 Pr2.6733.5 -2. 82
(Pr"/Pr)935 S1.09-45.5 -0.11 (S 1S)113 Sc2.094.5 -2.34 (Sc' *1Sc) 1539
Si1.46-27 -1.09 (Si *1Si)1410 Sn®.5929.5 -3.42 (Snt1Sm) 1072 -fa2. 09458 10
-1.07 (Ta '1Ta)2996 V1.92-4 -1.7 (V'N)1890 W2.021 -0.69 (W |W 3410

.Y2' 2713.5 -%0602(1 586 N) 1523 Yb2.420 -824 Zr2.168 -1.65 (Z 'tcamshda®s
Standard el ectrode potentials, specifically, a standard reduction
potential measured using a a- |11Cl reference electrode 11 { FrB ZOOLJ WO

02114576 PCTI US / X s REYa PGSR fdr PYeventr} diffustorbar ri er
| ayer for preven |%’g&ggp%%gpggesg’f1§%gr?n a caonductfi%?é cr%pper-based material to

i nsul ative fRLES idku@be chPpsibated erhRdliomallative matatl be Jurseéler red t hat
barrier layer 58 be conductive to provide additional electron flow beyond
t hat provi deghbbyimiche iteante piefared dog parieblaged8bayerductivatou@tdtenbodi nent s,
It can be preferred that barrier |ayer 58 have an el ectrical esistivity
of equal t o additibned elettamilanbpydnd dhat pravided BIHIeAPYHEYH ERPPET OF 5T {W‘Hg" barrier

and one or D RERETBIMEEES. A8t BB B R BrLbar R L SR T E S CPandard
i1 er once. reran e b ILI R ERREGR: Oy BT Melting temporat ures
greater An exemplary method of forming barrier layer 58 is to sputter deposit layer 38
from a target comprising titanium and one or more elements. The one or more
elements can have a standard electrode potential of Jess than about -1.0V, an atornic
10 radii size difference relative to Ti of at least 8%, and/or melting temperatures greater
' than or equal to 2400°C. In particular embodiments, the target can consist essentially
of the titanium and the one or more elements wh_?ch have a standard electrode -
potential of less than about —1.0V, an atomic radii size difference relative to Ti of at
Jeast 8%, and/or melting temperatures greater than or equaj to 2400°C. Also, the
invention encompasses embodirnents wherein the target consists of the titanium and
the one or more elements having a standard electrode potential of less than about —
1.0V, an atomic radii size difference relative to Ti of at least 8%, and/or melting
temperatures greater than or equal to 2400°C.
An exemplary target will comprise at least 50 atom% titanium, and from 0.001
20  atom% to 50 atom% of the one or more elements having a standard electrode potential
of less than about —1.0V, an atomic radii size difference relative to Ti of at least 8%,
and/or melting temperatures greater than or equal to 2400°C. In other embodiments,
the target can comprise at least 90 atom% titanium, and from 0.001 atom% to 10
atom% of the one or more elements which have a standard electrode potential of less
than -1.0V, an atomic radii size difference relative to Ti of at least 8%, and/or melting
temperatures greater than or 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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than or equal to 2400C. In particular enbodi nents, the target can consi st
essentially of the titaniumand the one or nore el ements which havgnraill
standard el ectrode potential of |less than about -1.0V, an atomc radili
size differegnce relative to-Ti of at |east 8% and/or nelfimeg.,gaperatures
greater thaﬁooqmésdﬁal to 2400C. Also, the invention enconpasses

enbodi nents wherein the target consists of the titaniumand the one or

nore el enent sta rd el ect.r od bout -

|. OV, an at &?ngaw:fﬂ‘g Ve le'zg-E{jscﬂ?fl}eéjFeesﬁl&ién‘fegfa%‘{)?a\?e %%T%lllom )fep?%ﬁ? eas? tg% and/ or
melting temnpgr an- or egqual  t.0.2400C. AnAxamphary target
w il conpri gltgﬁaﬁ%%agt&gg% H% t1tantium ar%d from0.001 20 atonPbto 50

at ondb of thgro WaﬂrZHHﬂﬁBe@iffé?&]mnsta&éﬂébﬂ&e%xe%&ﬁﬁﬁ'%do@ih@ﬁw}ﬁdﬁomtent|aI of
| ess than a " OV, an atomic radii size difference relative to Ti of

at | east S%targﬁildfdiﬂmsmbé iangilopofthe plesoneinvetizatoen cotpiseditangeuas theo 2400C.
I n other enbodinents, the target can conprise at |least 90 atonfotitani um
and from-0. @@doriy eleftenicind ncledeanmulditionah elemant S NBY & &l é’l"@f'ﬁl%g i ch have a

standard el ectrode potential of |ess oV, an at Si ze
di f ference F@%ﬁ?%ﬁﬁ‘@mﬁ’ agd 124 8 progyp f‘é% %é‘fiﬁ}g ‘ﬂ%’faf’%g% Bhp Iloét ures

o oduced forord S melng ety o eOR ALV AR Bb AL ORREIRET PN o
di ffusi on té@{nﬁg%ﬁgi 718% geag e luhﬁiydtfm AR B8O Bkt i mdBodbldgEB 2aal WO

02/ 14576 P S, Wand Zr; targets of the present

i nvention thﬂlﬁéseﬁnfﬁdi\ﬁbﬁlftﬁf@ﬁﬁwg mﬁeﬂtﬂfrg&ﬁﬁzsjersl n that they are used for
copper barer applications and/or ti: concentration of the Nb, WandZr
can be diof f er ent A targetwtijized lmeﬁlb@lw@@lﬂpfﬁﬁw@ﬁﬁf@ﬁnﬁ%?? ﬁPH“ﬁHF@W ous

L1t ani um 2 SPiERosREp D bR oB R T L B SR S CEPENEH of b,
b i o TR W AR e Moot
%for W . A Sppakiet @ﬁer@gttoédtﬁ@&hﬂiﬁhe materials from the target. For instance, the target
can be sputtered in an atmosphere comprising a nitrogen-containing compenent to
- form a barrier layer 58 that comprises nitrogen in addition to the materials from the
target. An exemplary nitrogen-containing component is diatomic nitrogen (Np). The
.. deposited thin film can be referred to by the stoichiometry TixQyN,, with “Q” being a
label for the one or more elements having a standard electrode potential of less than —
1.0V, an atomic radii size difference relative to Ti of at least 8%, and/or melting
20  temperatures greater than or equal to 2400°C, that were incorporated into the target.
In particular processing, the material Ti,Q,N, will comprise x=0.1 10 0.7, y=0.001 10
0.3, and z=0.1 to 0.6.
Another exemplary method of forming barrier Jayer 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 baving the stoichiometry Ti,QyN,Oy, with Q again

referring to the elements having an atomic radii size difference relative to Ti of at
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conprising targets can be utilized for a new nethod in accordance with
nmet hodol ogy of the present invention for form ng copper barrier Ia.ypl;?g i
A target utilized in nmethodol ogy of the present.invention can be sputtered
in an atnosphere such that only target materials are deposited in film 58,
or alternati_vely can be sputtered in an atnosphere so thgl-papfghitead S from
t he at mosph®P&23df¥¢deposited in barrier layer 58 together with the
materials fromthe target. For instance, the target can be sputtered in an
at nosphere conprising a nitrogen-containing,C pvarrier
ayer 58 ¢ hises GeploPes (T BREA SO AAIETa TR TReT est 2ep aPU RO e
target. An ex l.ary .njtrogen:.co Labng- he3 1 Afoem Thai t rogen
(N2). The’ ﬁ%‘g@‘?l?@ ity h?vﬁn%ckpaﬁ]n%{é}#% %@%f%?@éepjgﬁl?}%?/ﬁt he stoichionetry
TAYNZ, W o BndPRIARD, clafbiPlprs0lfor dramplaexe0.1 00,2 )Tt ¢3frmfiing a

ode p

standard el ec entral of 'l ess than - .QV, an atomc radii size
difference gg£h alinteyi®@odil 160.0810.] Brsixysét-cautaiiog corspanenigrsebiofemp 8at ur es
greater than or equal to 2400C, that were incorporated into the target. In

particul ar [,QEEsO.wgn beHer eramplei@l  Ti, QYNZ will conprise x=0.1 to 0.7,

y=0.001 to 0.31, and z--0O) to 0.6. Another.exenplary FQr M ng
barrier |ayer 58 Theretcan bpadvapiagesdpHSrPoraias n}t’éigg?ng?d?o r%xggeinggfggfg aJ(;I]((l)rrpri si ng

titanium and one_qr nore el enents other th | fanl leNtdvhiay B @ésence of
both a ni tré@j’éﬁ%ﬁﬁﬁﬁté‘i"ﬁkg}n@%ﬁ?@ﬁ?n%Eﬁe?lﬂgy 32%?%%%rei 5 ngy conponent ,

to incorporg} e bgtfg peﬁatg{vg%eﬂs@g:ﬂ XGPSR O Ry BFfuELS bt Higly empBirur@uch

processi ng AP P B barrier Tayer havi ng ‘the stoichionnmetry
Ti,, YN, O, ;Thwidifodenad@ioRoxygeh & fon gxdrmple hitsteberii nolsmhandrag SHRCE oni ¢ radi i
size difference relative to Ti of at 13 - j F E 5 2005 WO 02/ 14576 PCT/

US01/ 17996 l.ea8skusTesm e henve pqus-axesigoein SIS st andard el ectrode potential of
| ess than about -1.0V, and/or

than or equal to m@rwdowﬁ%ﬁ ?1%%’% ?@kﬁ%ﬁ@e&iiggﬁ%ﬁ%ﬂnﬁﬁ%fﬁfogr cater
exanpl e, X.;Ojirelse%? ingégﬁonyaid %r%os&t&gqmﬁ fildas Broth the sputtering targets are v
described below with reference to examples 1-4:
A barrier layer 58 formed in accordance with the present invention can
comprise a mean grain size of less than or equal to 100 nanometers, and in particular
processing can preferably comprise a mean grain size of less than or equal to 10
nanometers. More preferably, the barrier layer can comprise a mean grain size-of Jess
than 1 nanometer. Further, the barrier Jayer material can have sufficient stability so-
that the mean grain size remains less than or equal 10 100 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 vacuoum 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 titanjum-containing
films. Specifically, the prior art titanium-containing films frequently would foxrm
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 according]ry can enable
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to 0.6, and w=0.0001 to 0.0010. The oxygen-contai ni ng conponent used to
formthe TiXQYNZO , , can be, for exanple 02. There can be advantages to

i ncorporating nitrogen and/ or oxygen into a barrier |ayer 58, inlﬁt‘r'g%tmﬂéuch
i ncorporation can inprove the high-tenperature stability of the barrier

| ayer rel atiynpodQsists ability to exclude copper diffusion mtT/btoghr9se
tenperatures. The nitrogen and/or oxygen can, for exanple, disturb a Ti
columar grain structure 10 and thus forma nore equi-axed grain structure.

Par ti cul ar et ol oh@inideQti fdAS) 185 foteifBignddan giatosid e fasealidanive wi th
the present invention and for. depositing thin films fromthe sputtering

targets areartgeseakiihed below with reference to exanples, 1-4: A barrier

| ayer 58 formed in, accordance with the present invention can conprise a
mean grain size efddsgstithtafisn. eeppabr-eastaione sEA &yet ¢ is Ormed 9VF particul ar
processing can_preferably conprise a Hgaan &iai n _size ?f Iaenslsleghr} n or equal
to 10 nanoRers dayenpf CwEt eiADe seef AYELYY § O RY S *ESATERDT Fse a nean
grain size- of. less than 1 n 21 j ; _materi al
can have sufPPBi ERPEY SnfeFP fr%%%ﬁ%?g? E%é%gﬁreg’?j gﬁgé{s]lséz%rp? L:e]?rééliecﬁs | ess

t han or equqﬁroéﬁﬂ%%gsmpgg%g%&ﬁ@,ﬂqlﬁg}lﬁgﬁp@dﬁp’\gﬁ@ig@[ enbodi rents | ess than
nanomnet er

or equal to s or nanoneter, after the filmis exposed to
500C for 30 minutpgs §ifllud@rawscutnfapnes|so afiket bareiekn expasedgo gshemisklze of the
film58 of the present invention can enable the filmto better preclude
copper di f f wsdchanitdl poligeme toréroevedaers §& andi6Q oo ptearm PRRST SYHICHET

Specifically, the prior _art _ tifani um cantaini films fre tl uld form
| arge grain 183‘%@@’351?3‘?5%36é‘é@’gllﬁﬁa‘&%%teﬂg]@% ) go gg@&r@%%eﬁbuﬁ{%ﬁﬁave t he
columar-typ ef ects descri.bed AN - Pr ocessi ng
of the- 1By ealpers e el o QRO M SRER g cbtarkardll

accor di ngl Y §a8,8080k&a} 81 MQ B2{ 14578 BOF)dIS6) arldkRO96thariby@ISS has been

titaniumcontaining diffusion |ayers to be forned than could be formed by
prior exposed to thermal processing causing diffusion of the elements having a standard -
electrode potential less than -1.0V to form a region 62 having a higher concentration
of the elements than other regions of material 58. Suitable thermal processing which
. can «cause such migration of the element having a standard electrode potential less -
. than —1.0V includes an anneal at a temperature of about 500°C for a time of about 30
minutes, under vacuum.
i Fig. 7 shows an expanded view of a region of the Fig. 5 wafer fragment 50,
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. Itisiobe 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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art processing. Referring still to Fig. 4, a copper-containing seed |ayer
60 is formed over barrier |ayer 58. Copper-containing seed | ayer ggrgz@é
conprise, for exanple, high purity copper (i.e., copper which is att t
99. 995% pure), and can be deposited by, for exanple, sputter deposition

froma hi ghW%Lﬂ'zhwmcopper target. Fig. 5 illustrates waferpdrregmenvs 50
after it has béen exposed to chem cal - nmechanical polishing to renove

| ayers 58 and 60 from over an upper surface of insulative naterial 54

whil e | eaving nﬁt}{%&éﬂ%{;ﬁg&o%‘g@ S?Qjclﬁviiﬁﬂitrgte%?ﬁﬁﬁoﬁﬁeom&rﬁrati@l afse 10

Il lustrates procesSsing n’occur specifically when el enents having a

standard . gl &ahiage, Palentd dbcufle heestid boRss-tlanA .GAF @llbswatedypst‘QBBndand
shows that |ayer 58 has been exposed to thernmal processing causing

di f f usi on ofspédificalyimnkied hewichgive petandi @) rdpérete Sitecopptreiitavsl %%:ess t han

-1. OV to forma region 62 having a higher concentration ,of the elenents
t han other negTihef layer Ahend hgSiG 8l lager Y4a Ylé"?‘ﬁ‘égﬁh‘lheéﬁ(géﬁ‘%&%@re\ﬂm ch’

can, cause such mgration, of the el enent hayin . st

potential 'l é@%ﬂdqd%ahe StOLCROTRFIC TOPEYS ggonéﬁ’?é’ﬁﬁ%éﬁ%a%t&gg{?ger%pagieg%%g%f about
500C for a tinme of. about. ' : | @ in theSirawmgat -
expanded vi e%“ﬁf’%éw? ] egﬁl%gf b@ﬁ%”fﬂ‘?sg‘?plgwmﬁéﬁ%g?n%ﬁ%g, and  or e

clearly il| L%é.rsa(;&%nétﬁlﬁehﬁgin%n@l%efel;ﬂe@to % "8lGoniuld pateralyds GGt Tanot her
region 64 20 having an enhanced concentration of the elenments with a

st andard el ?ﬁmp@r@ig@tientuwtemlom@asmﬁhﬁmwn1nEig. 4,ca6 aerordipglfed adj acent to
copper - based layer 60. Region 64 is not shown in Fig. 5 due to limtations
of space i.n dolresmmdsiiopgrodessingsterpmins toHEEPRPLYF 8t regi on 64 may be

et velY o e 0. B Al BLOGETS Ol BRIVl L0
i andar a el ebt HT0E o < R e S W LRl 1 bar 1 or
layer 58  dugi,ng. Q’ig]bgllﬂisir@t@pﬁhﬁi tirRedrufioAbf Q 15iner8asdd @04dnlinterface between = -
s .o the TiQ layer 58 and SiO layer 54, relative to a concentration throughout a middie
~ region of TIQ. Fig. 9 also illustrates that a concentration of Q can be increased-at an
interface between copper-based layer 60 and TiQQ layer 58.
Tt is to be understood that even though Figs. 8 and 9 refer to insulative layer 54
specifically as a 8iO layer, such is an exemplary composition for insulative layer 34,
and the invention encompasses embodiments wherein layer 54 comprises 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 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 wil} tend
1o 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 1o insulative
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WO 02/ 14576 PCTI 1JS01/17996 Referring first to Fig. 8, such illu “ 5(ﬁ§
graph of a concentration of the elenents with a standard el ectr U
potential of less than -1.0V (illustrated as "Q', and specifically
illustrated as a relative percent of "Q') relative to the copper of |ayer
60, the Ti®oafikayer 58 and the Si O of layer 54. It is notEd@WNae he Ti Q
and Si O are not intended to be stoichonetric representations of the
materials of either barrier layer 58 or insulative material 54, but rather
sinply i dentydtidh 8y, eA@co?@n@@dbﬁﬂerll@efﬁf@nﬁﬁd&ﬂhdﬁt@rdﬁfxce witgthe@réskmr i nst ance,
the material referred to as "SiO'" would generally be Si02). The graph of
Fig. 8 is i Ilhmhma&aadadhdaremtglnmniamvelmatshdwm:rtamhﬁl prrid, 1amﬂjf03n€d)lmd| ngI y

corresponds to a processing step prior to the anneal of_ Fig. Flg 9
shows a gr aphcesdanct withiks nrivagrtomndrpythugallayiate somsed W%O@Pl&ﬁ ﬁssa?léfﬁ axi s
of Fig. 5 and accordlngl is showing relative concentrations after the

Fig. 5 anﬁ’é‘ﬁwnoﬁ"é YT 1YEISt rat es that a concentration of Qis increased

2l an interiace Gel Hopte DGk L AYSIs0 58, ABSHORNRL A AT Ve Lo

concentration thré regron so Il lustrates

that a concgnir 8 DyRBWEE chper-BRSE MRk alaM fonﬁd@t\@ﬁlﬁﬂ@endhe%v\een
copper-base?]%asf/%#d) iz;“r:]dy‘lt‘g"?lQ a;c/:elsr}ﬁSS It is to be understood that even

t hough Fi gs.(rig. Qﬁcbc%péleﬁaeéd inaterialS10l cah by forinad/ By, fadexamplectlbitvaepositas a Si O
| ayer, such is an exenplary conposition for insulative |ayer 54, ~.and the
i nvention endoopmseus Semlﬁ@xhr FBnts admra@r: af hajnera ‘E’Ad'é”@h’ﬁle"s'Jéé ayehgris
insul ative materials, IS %% ? be ungerstood thalfy &eatlve
concentr at i cﬁ’YﬁieB?ed@EEg §h§Rﬁ?‘ W]ﬁ"’(jm@chﬁ? CPRF MY FEEE a‘cfl? & plir poses only,
and that, Fi ?ﬁ% oug oféﬁ hgw gna%e sgjléﬁérb %Elln\é?laggr%réﬁa%@tb't% c&fxsuingg by

concent I’lgt | er than a quantitative representation. An

advant age ofcy ér%a%éﬂw?@@aﬁh%mt Araoriinglypla$éra B8la0Gne 70 et belenpidtiedt i al - of
| ess than - 1. is evidenced by Figs. 7, 8 and 9. Specifically, such

el ement s -wi |4 cdndtdive camporefity sGthtlawea 6 8havive dnrineedsinedy h@gr BREESHTaHEr ri er
| ayer 58 during an anneal. The el enment can thus for5 ﬁ eaal ons 62 and 64
of Fig. 7,-visilehe Wmhv@es&%%&@aﬂl%oﬁwowﬁww SPpeet s Felative to the

remai ni ng .Ceiﬁér’g%'mgly g':g%p VO ume Y &bt t%er§nreﬁ‘in%& reltap@e to the thickness of layer 58

desired to maintain suitable copper-diffusion barrier characteristics. As the relative
volume of Jayer 58 increases within the conductive comporent comprising Jayers 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 Ibs/in?).
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R
regi on 62 can have enhanced characteristics for adhering layer 58 to
insulative 16 ~ F'r. ~~)_0 0 "1 WO 02/14576 PCTIUSQO /17996 narg;ﬁﬁhﬂ§4.
Accordingly, barrier layers forned in accordance with the present ' )
invention can adhere to i nsulative materials better than barrier |ayers
formed in wecrneance with the prior art, and can thus al |mwiedoe)gesre of
the problens associated with prior art barrier layers. Fig. 6 illustrates
waf er fragment 50 at a processing step subsequent to that of Fig. 5 and
specifically shows a copper-based npxamMElEg0 forned within trench 56
(Fig. 5). Copper-based material 70 can be fornmed by, for exanple,
el ect rodeposl i t i dhe invEntompp dlustattd by dethdt Hyded 60 theAnlladvg nsagdenfThhavi ng a
conductive barrier layer. 58 is evidenced in Fig. 6. Specifically, as
trenches be&s#eriehésadsi gnplayarbeadologitsdon Pramginittametaectt rench made

smal l er by barrier |layer 58 relative tq,that consuned. by copper materi al
70 can incr EGTRUSAZ Y FH@‘FV’}E‘?SIWE“??%W 2 e Vegwnbéh%m?g‘f%d’é% ed a

conduct | e SQIROUS Have W B 4u8Nus Mo DAY 4iBn RERGRR) Y] BEAEE.

representativ trenc zes ‘bécone smm reason t hat | ayer

58 can have aRanddINBaRIATE ek GRS Wildb®: frém HodeywdlEle&raid@, Inci nl i t'S
relative to the thickness of Tayer 58 desired to naintain suitable

copper - di f f -AiSdx@mplarPBRDURA Bhiargaciogktngtiore 300 idshdvirein i atlitv eomprddeane  of

| ayer 58 increases within tht conductive conporent conprising |layers 58,
60 and mat ebreltingpla®@02 jand & amzds @04 eBired gonsgrupinne? Wde shoparit GEssve
characteristies wthipn _materi al to retain.good conductive .

char act er i stSF‘if?Px"t‘?ﬂ'WlflﬁeNcBﬁ‘gWE‘?]ﬁ\’i ma@BﬁﬁBﬂré a C“fﬁgﬁféﬁgﬂ?eﬁlﬂagerybﬁ ri-ied
in accorgdan It e ' ' Uit b iBoriddBehani cal
propert ilgs %gﬁwdufﬁ# ?’gé |‘d§ﬁ%gh2%€#%%rgpﬁg%?‘angg%sh§ Fig. ﬂi%%n shows t hat

material s f oLaBAp plaeRO0 QUSINGE the 1atick D04, Res Rrieasdtrsiood ent ieimeatiothave
mechani cal properties equal to, or better than, those of 3NS5 tantalum
wi th the neclsarncahpasses apmotithistangfkt @ngroclionsoee ntgrgee porstredionpiniliiels of  Ksi

(i.e, 1000 I bshn). o . .
. the entirety of a construction is target material) and other planar target designs. -

EXAMPLE 1
A TiY target comprises 1.0at%.Y, which is a reactive element with a standard
- electrode potential of —2.6V and bas an atomic radii which is 13.5% Jarger than that of
Ti. A predetermined amount of 3N (99.9%) purity Y was added to a 5N (99.999%)
purity Ti during a vacuwm 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 scem) and with a total chamber pressure of 4 x 10°
mTorr. The resulting TiYN thin film had a thickness of approximately 20 nm, an
electrical resistivity ranging from approximately 130-300 uQecm, and comprised a
very small grain size, which could not be measured by x-ray and could be

microcrystalline or amorphous.



17 - 1 F c$ 2001 WO02/14576 PCTIUSO [1JI 7996 EXAMPLES The invention is
illustrated by, but not limted to, the follow ng exanpl es. The exiaFgi 84
descri be exenpl ary nethodol ogies for formng sputtering targets conprising
vari ous materials enconpassed by the present invention. The sputtering:
targets canwhpygi«gny of nunerous geonetries, with an exenpt@rysigaoiet ry
being a. so-called ENDURATM target of the type avail able from Honeywel |

El ectronics, inc. An exenplary ENDURATM target construction 200 is shown
in Fig. 11 to conprise a backing pl aExAMPLEBR2d a target 204. Target
construction 200 is shown in cross sectional viewin Fig. 11, and woul d
typical |y conpri seT&adupetdoaprisest(efsaiteTapriaelyisian eleypnvishemekipg #Pihe t op.

Al t hough target construction 200 is shown to conprjse th b i,ng pl ate
2|02 suppor t iog go9947€ atndlri_@?ir’léaQYDYF, elgrpent with 6:‘6@‘536‘?1 %&Eﬁdﬁﬁate?ﬁtoffﬂgﬂhge ntion

al so enconpasses nmpnqlithic str e

constr uct'im;rPEEdieF?“\"’Mﬁegﬁ’.nouf’%‘_éf[%{#?é‘%%}éy%ufmg?%g’%g?drd%gﬁ N }(gg%gr/o (3et materi al )
and other planay 1{ A48t AERiH& FIVEFa hoRodinfoliBpbiac aBkd 386 - 1. Cat %

Y, which'is®a reactiVve el enen a standar .el ectrode potential of

-2. 6V and hag,an.atafdo 5%?3 itVAbINo FemlabiBoh Tae gitlet windorgeband whled Ti . A
predet er m ned anount of 3 &39. 9% purity Y was added to a 5N (99. 999%

purity Ti. dusing@oaventionalnheinoimectmeict] provesses, and fiabmiogehistusstalesis i s for med,
the alloy 20 was cast into a graphite nold to form aTPi |let. The hillet was
forged and rokkedhedifpSatiehy thract Wasdeaq el PRI R ATABRRLESE M ihd

fabricated into_a sputteri t arget., e T~ 9 r S reactively
sputtered i fo% d‘%?leﬂtrvai‘f‘ﬁﬁg‘glﬂéﬁ%‘gwbt%Ip’o'&rsc?j‘flfgeda\ﬁ?ato&/aglc%gﬁsbe}lvgr N2 flows
(0, 5 1 138660k (anfb it AThOk Bl ATBRIABAIHE S ukkned of 10-3 ni Torr

The resul t'1 g I ckness of approximately 20 n m an

el ectrical rggicdmMel oA Gnteciicolredpvig xngitedtom 430:80a6ly 30QSH and
conprised a "very small grain size, which could not be neasured by x-ray
and coul d. beiQecm and comprised a.very small grain size, which could not be measured by x-ray

and could be microcrystalline or amosphous.

19



m crocrystalline or anorphous. 1s - J FER 1UU S WO 02/14770 PCT/ USQO Jt 799
6 EXAMPLE 2 A TiTa target conprises 0.65at% Ta, which is an el enentiyiigh a
melting point of 2996C and is a reactive element with a standard el ectrode
potential of- - 1.07V. A predeterm ned anount of 3N5 (99.95% purity Ta
was added twoa2GRE7699.999% purity Ti during a vacuum skubdT/HEn799Af ter a
honogeneous all oy was fornmed, the alloy was cast into a graphite nold to
forma billet. The billet was forged and rolled wusing conventional

t hermonmechani cal processes, and fabrEEAMPLEBto a sputtering target. The

el e = i)

Ti-0.65at % a target was reactively sputtered in a N2/ Ar atnosphere with
four different valTiéstatgnt copprisepfatpolr, Shich(s a 13ctinecalgmeahrithiat h a t ot al

chanber 10 pressure of 4 x 10-3 nlorr . The resultin ' thin filmhad a
t hi ckness oftandgsdelssrofsmelapiae! nhf> ¥nd STUEEPPIRY aql%@qg{#gﬁ%?éa@ngi ng from

i | v.130-250..4f2 i . | al i .
e coal GPii Bt ada] B5 R on 3PSk TIRY TR B Rt BBl Aeflr | 20
anor phous. ﬂ&néééﬂgﬁgt%/ z\@‘z??%vn\ihlflﬁg £B0vad 4d9QRo Aot AMre BrlIVRE fo f8rla Ti Zr

target conprise h'i's a reactive element with a standard

el ectrode, pefilRntThaIbileh wad fGEM and foiRedE ebmicnfchabtionndmahadiNg (99. 8%
purity Zr was added to a 5N (99.999% purity Ti during a vacuum skull nelt.
After a -hopogesseusndafabumgataddstofagpettsaing tdigetaThe Ji-fra%oZe tasget iwes scagtivilaphi t e

crucible to forma billet. The billet was_forged and rol].ed using
convent i onaFPUtterst iRBhstApsmeEhere. JhpEzulag Té@falg ﬁ@ﬁp&gpgdkﬁcﬁ!ﬁegs sputtering
RECHREIRE bl Cs SR T e
10 13 shows the sheet resistance of the sputtered TiZrN thin film. The TiZrN film bad a
very small grain size, which could not be measured by x-ray and could be
microcrystalline or amorphous, which was stable after vacuum annealing at 700°C for -
5 hours. A 150 nm Cu film was then deposited onto the TiZxN film so that diffusional
properties of the TiZrN film could be tested after annealing at high temperature.
Results indicate that the TiZrN film had goed adhesion to intermetallic dielectrics and
wetting characteristics with Cu. The thin film had overall properties that are adequate
for a typical Cwlow-k dielectric process. Fig. 12 shows the Rutherford Back-
scattering Spectroscopy {RBS) profile of as-deposited Tip.45ZTp.024N0.52; and Table 2
tabulates various aspects of the data of Fig. 12. Figure 14 illustrates that there is no
20  apparent diffusion of Cu into the TiZrN layer after vacuum annealing at about 450 - .
700°C for 1 hour. Fig. 15 shows the RBS profile of the TiZsN film after the Cu layer

has been stripped from the wafer. This figure again shows no apparent diffusion of

Cu into the TiZrN layer after 5 hours at 700°C.
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approximately 20 nm and an electrical resistivity of approximtely 125
92cm Fig. 10 13 shows the sheet resistance of the sputtered TiZrN thin.
film The TiZrNT filmhad a very small grain size, which could notf bg)m5
measured by x-ray and could be mcrocrystalline or anorphous, which was
stabl e aft ewowagudsgn anneal ing at 700C for 5 hours. A 150 parmsoQuets | m was
then deposited onto the TiZrN filmso that diffusional properties of the

Ti Zr N f|In1couIdf%%# 1 grprature. Results
i ndicate that the %? $ﬁ$a&E&ﬁngoogp&ﬁﬁggﬁg%n?%&PﬁsgﬁnetaII|c
dielectrics andimwne hmhnﬂhamhdfpﬁncfl csOwitlh @i Y hiAfEmlihad overal
properties thak=iretadeq ety eo  owl K-t eHectrd process.
Fig. 12 shows _thRe RuthewkBFd Back-! scaftérindg Spectirostopyl ERBS) profile
of as-deposited Tio.45Zro o 24No.sz; and Table 2 tabul ates various
aspects of the data of Fig. 12. Figure 14 illustrates that there is no 20
apparent diffusion of Cuinto the TiZrN |ayer after vacuum anneal i ng at
about 450 - 700C for 1 hour. Fig. 15 shows the RBS profile of the T iZrN
filmafter the Cu |l ayer has been stripped fromthe wafer. This figure
again shows no apparent diffusion of Cu into the TiZrN |layer after 5
hours at 700C. 20 HB?US VAIO 02/14576 PCTIUSQ) /17996 TABLE 2; RBS
determ ned filmconposition in atom c percent FilniThi ckness nni OTi NZr

Ti Zr N20000. 450. 5260. 024 . Si 023000. 3340 666000 siwaferf0000 21 J FFRI.~0S WO
02114576 PCTIUSQ /17996 EXAMPLE 4




A TiAl target conprises |.Cat% A, which is a reactive elenent with a
standard el ectrode potential of -1.70V. A predeterm ned amount of 3N5__
(99.95% purity Al was added to a 5N (99.999% purity Ti during a- yattdi
skull nmelt. After a honobgeneous alloy was formed, the alloy was cast into
a graphite R gtoforma billet. The billet was forged anecrofdisdousi ng
conventional thernonmechanical processes, and fabricated into a sputtering
target. The Ti-I1.Cat% Al target was reactively sputtered in a N2/ Ar
atnosphere with four different val uesgkamnpRefd ows (0, 10 5, 10, 15 sccm)
and with a total chanber pressure of 4 x I0"3 mlorr. The resulting Ti AN
thin filmhad a tTEKAEEE cOinpAHRN DT eVDicI2E a rentivaciembactit z al
resistivity ranging fromapproximately 130-300 ~LQxcm and conprised a very

smal | grai R§hasd eldthbddhorbibinatolve ApRestEadnddmouneyf NFAo8td be
m crocrystal line or anorphous. The enbodi nents described herein are

exenpl ary e ? ng}ogf%ssaddécgf&éﬁw (9D §990 3 QuriHNE@LSE PP dach Al kbl helth Vgt 4 ON

enconpasses ments beyond those’specifically described. For instance,

the_chem caly HReRARLEAlo ROkl GhIASHIERS LhedsAmaGeyss Mg heturen the steps

of Figs. 4 cou Ins ucted after electrodeposition of

;[Niht? h ¢ (2)8 P reref }?]ieﬁglé}?e{bdﬂﬁ(gv}&g ?c}ggtlads %r}gl\f\r@d lils?nlg::ciog\'éegg P%ﬁf#h%ﬂnoﬁa%aﬂlgﬁe al descri bed

i as peirng u ormregion 62 could be
Var i ous. aspdEPEeDr PRGN LTOR BRE GEuE e R LPUPEREL o cr cat g
Che. et hodo FER e eRH b LU BaTPres i P B e e R T er
e e B R A b i e A o B PR, et
used for formri gtgf]éa barrier layer relati \{e -con%ai ni ng

! : 0 a netal
material, theA P fiad g dnidieresrl 2eRspprRE Y FP WRECHRE E55V Ror e

al l oying el enents selected fromthe group consisting of Be, H., La, Nd, Sc,

Y, 1!, |ib, ranging from approximately 130-300 pQecm and compnised a very small grain size,

which could not be measured by x-ray and could be microcrystalline or amorphous. .

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, conld instead be conducted 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, itisto
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



M, Ta, Pr, P, S, Gd, Dy, Ho, and Er, the sputtering conponent having at
| east 99.95%purity. 2. The sputtering conponent of claim1l wherein the
nmetal -containing material conprises at |east one of copper, 5i|y?¢§?ﬂﬂ5
al umi num 3. The sputtering conponent of claim1 wherein the neta
l-conltaining: material is a copper-based material. 4. The snli+I Ginn
rmmmn nrafLAMS "im i.il.Jl Yl .... conprising at |east one aiioying
el enent whi ch does not have the standard el ectrode potential of |ess than
about - a.oV 5. The sputtering conponent- of -claim1l wherein the only

al l oyi ng el ementyScrhk Inng, nent.are  elernerlts. having the
standard el ectrode mg})éti}% ?gwﬁgﬁge}r‘égé@?@g 'ggr}t)'ﬁ'tg. ?ilf‘ﬁﬂ.err?":’y%. refpigve to 2

sput t Br§iahcenimpungnmabérial dharepuidvene conloreeaTonaR il T4 gﬁﬁ.o&@e Qb YR €

al | OYL,:I‘%,-H gegents in the sputtering conponent are el erfent s havi ng {fie

st andar '8 ?F&f‘dﬂwﬁﬁ%?pa{ro%flhm@un R&fRsiabogtel-Be, M, La7 NdTHee SPUL i i ng
conpopentTof pel @l m 1 rthek, Canpr i-si at | east one el enent selected from
t he grodeég’oﬁg’i ?t ﬁlgef# Qp Hg ﬁ‘% Elsf’e,ﬂg%ﬁpég,e”r'gbwm%f'eﬁ hzpig abjeasin,
Sr. ZBS.9CS, phaityCe, and Sm b. The sputtering conponent of claim7 wherein
the sputtering conponent conprises Zr. 23 | NJ

2. The sputtering compenent of claim 1 wherein the metal-coniaining

material comprises st least one of copper, silver and aluminum.

3. The sputiering component of claim 71 wherein the metal-coniaining
- material is a copper-based maierial.
Herna rormnnnent nf Alaimm 4 ;e e S S TP
HETIhg LLINPLRRCnL OV LElT G COMpnising &1 1east one alioying
elemert which does not have the stendard electrode potential of less than aboul -
1.0V, '

5. The spullering component: of -claim 1 wherein the only alloying
elemenis in the sputlering component are -elemenis. having the standard elecirode

poiential of less than abouj -1.0V..

6. The sputtering component of claim 1 wherein at lezst one of the one or
more slioying elements in the sputlering component zre elements having ihe

siandard electrode polential of Jess ihan about -1.0V.

—

7. The sputiering component of claim 1 further comprising at least one
element selected from the group consisting of Al, B, Ni, Fe, C, Co, Yb, Mg, Si, Ca,
Cr, Mn, Sr, Z1, Cs, Ba, Ce, and Sm.

e. The sputlering component of claim 7 wherein the sputlering comperent

comprises Zr.

23



9. The sputtering conponent of claiml| wherein at |east one of the one or
nmore alloying el ements have at |east an 8 percent difference in atomig; 0
radii relative lo titaniurn. 10. The sputtering conponent of claim !
wherein at | east one of the alloying elenents having at |east an 8

percent. didfer ene R orBthind Bl LY AR AL UM have at Least @

20 percent di fferenc at’omm ¢

sput t evdregzioying riﬂ.é@ineﬁﬁt %b&efﬁﬂtc‘é@ﬁr* ﬁ'ﬂ"‘ Bfcdrf st r%'??t q% azit{}rez Lécggcaemf)tr EHUBC

aIonln el enents have the nelting terrp rature of

12. Theligpiwtreri ng conponent of claim 1 conprising at |east one alloying
sel ect ed fromthe group consisting of C, Brio, and Ta . 13. A sputtering
conponent used for formno a barrier 1leyyer ré&alLl tive v 1. " f a

met al - cont gigni n t ' a ma ority elenent, and one
or rmre a?l oyi %H%I iﬁrr%[f\% s@qi @T@'Lé'ﬁ Sﬁtct-l}’?fgl Sgr d’fﬁbe EBhstisiaasy @ie ré, thec, v,
P, andil®ingelefients prdtieg izndesoinBa e ik in

| east one a&oyl tgf el eﬁngent sel ect ed@f ;(?nrtﬂt?dﬁgéggr%%p co{nots}ﬁ‘gtr%ﬁ ’Staﬁ'éeqe Sr,

Cs, BA2N§M, pgve\at legst a R pereentzifietenceth, ztdaic raasi reﬁtl;t,wé\toqnaﬁmm d, Dy,
Ho, Er, Yb , Cc, N, Ta, W, 100 and Al. 15. The sputtering conponent of
claim 13 wherein the netal-containing naterial conprises at |east one of

copper; sihver dﬂﬁb@bUﬂbﬂhﬁkoﬂqﬁmn‘érﬁ%ﬂ&m i mtr{&lffbm 14 'Bgn}caf’ﬁg%ﬁ&%r%%‘cﬁéogne

into a substrate conprising: formng a rst ayefr ¢6

or norergd 8}'#&9;8@1*’@%%@\@\/@ mhbnngubmpmamretolnet (et bol@p2oatd oyi ng
el enents having at |east one of: (1) a standard el ectrode potential of
| ess than about - 1 .DV; (2) a nelting tenperature of at |east about

2400C, and1g3) éfhé easrttEﬁnﬁ QA SEMINOH EI8INE NC Bohipr RLYTLE léélci'dm% 8 r@ r'tg;;/ eto
ager,

titani orning .a .copper-containing ia.yer - over the
t he f?‘ﬂgbeldnggfn e BIBIR Torepislishet CaMd, @idoe.f rom t he, col - Jper - cont ai ni ng

| ayer into the sulL-rt.trate.

13. A sputlering component used for forming 2 barrier layer relztive 1o a

10 2
meilal-conlaining material and comprising Ti 2s a majority element, and one or more

alloying elemenis selected from the group corisisting of Be, Sc, Y, P, and S.

14, The sputtering component of ciaim 13 further comprising at lezst one
alloying element selected from the group consisting of B, C, Sr, Cs, Ba, Si, Ca, V, Cr,

Mn, Fe, Zr, La, B, Ts, Ce, Pr, N¢, 8m, Gd, Dy, Ho, Er, ¥b, Co, Ni, Ta, W, Mic and Al.

15. The spullering component of claim 13 wherein ihe meizal-containing

maieriel comprises ai least cne of copper, silver and aluminum.

1€. A method of inhibiting copper diffusion inic; 8 subsirate, comprising:
forming 2 first laver comprising Ti and cne or more zlloying elemenis
over the subsirele, the cne or more alloying elements having &t least one of: (1) a
slandard elecirede polential of less than ebout -1.0V: (2) 2 melting temperature of a2t
least ebout 2400°C; and (3} at least & 8 percen difference in atomic radii relziive io

anium; and

24



17. The method of claim 16 wherein the copper-containing |layer is a
copper - based |l ayer. 18. The nethod of claim 16 wherein at |east one of the
one or nore alloying elenents in the sputtering conmponent are el érmehtls
havi ng the standard el ectrode potential of |ess than about -1. OV selected

fromthe group Ggpsirgt izn =By e Al SE L GRe SCs V. O, 10 . Sr, Y,
Zr, Cs, Ba, La, Ig—tfﬂﬁ r‘Ir':(‘ata',‘—:1 %SEI"%?,@@.’NE?””@I%‘”gj,"@,’-“g r"&r%‘ﬂy%r.‘%ﬁ&”sgﬁ?é'ehet hod
of Cli?ih’f[%i 6 _wher ei n""ﬁiﬁl,l eist ne of the one or nore alloying elenents in
the sputtery AGPESHPEHENY" S8 1% rehk & -RaVEHINQtaYre e bp Bibcpetaent
difference in atomc radii relative to titanium selected fromthe group
consisting of Al, Ca, M, Fe, Co, N, Y, Zr, H, Be, EE, Cl, Si, B, S, GCs,
Ba, La, Ce, Pr, Nd, Sm &, Dy, Ho, Er and Yb. 20. The nmethod of claim
16 whereinjat | g3t rpegcef oF €100\ | ayi.pg, S {.n the _
Sputtering conponent gﬁhe elcgrrhgﬁ?‘g hgv\l‘ﬁghtsﬂemﬁe?%s}jﬁgr gbgﬁﬂb%t l?]ygr o &t
| east @%% tt?‘|240°0%) sel ected fromthe group consisting of C, lino, and Ta.
t 6]

21. T8 mlg_ o ‘Eai m 16 wherein the first | ayer is formed by sputter

deposition froma iaroet conprising the Ti and the one or nore alloying
el ements 25 FEB 2005 having at |east one of: (1) a standard el ectrode
ptiential of |less. than about -1.0V (2) a nelting tenperature of at |east

about 24001&; ailthe( Bhetabd! eRtzim Bepaneeain o ESHEBEE & 158 WA b
relative to titanium 22. A thin filmconprising one of Tﬁé@%%drgﬂg}e

T1, QAN elderidiiA 1fhie: %uﬁé}]ﬁlﬂ-\é)ictoi rﬁ’@ﬂaéredgefméﬁisoﬂaiibge faenata{’g?ﬁjet in

met al -contai ning material and formed by sputtering a  spu

o1 omens STOLEBERERIAA MR Lokt Sl peltieq iR I BiRHs pige avaanbe, 0

el ements; sai arget conprisrng

havi t 4.east on . (1)_a standard el ectrode _potential of |ess than
abou{iﬂ,_ﬁ;l%\ﬁa( 5(:,‘?/,95, M r e S MR S8 CLL A9F B R A s m o ES, by

o and Er,

18, The method of claim 16 wherein st leasi one of the one or more
alloying elements in the sputlering cofnponen‘l sre elemenis having 21 leasi en 8
percent difference in atomic radii relative 1o tilznium, selecied from the gioup
consisting of Al, Ca, Mn, Fe, Co, Ni, Y, Zr, Hi, Be, B, C, Si, P, S, Cs, g, La, Ce, Fr.

Nd, Sm, Gd, Dy, Ho, Erand Yb.

20. The method of cleim 1€ wherein al least one of the one or more
alloying elemenis in the sputiering component are elements having ihe meliing
temperature of al lesst eboul 2400‘"’_(3, selecled Trom the group consisting of C, Mo,

and Ta.

27.  The method of cleim 16 wherein the first leyer is formed by sputier

deposition from z iarget comprising the Ti end the one or more alloying elements
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a nelting tenperature of at: |east :about 2400C, and (3) at least a 8
percent difference in atomc radii relative to titanium 23.The thin film
of claim22 wherein the metal -containing |ayer corrprl ses copper. 24 Fthéll

thin f f. = =0.001-0,3, and 7=0.1- O0.E

25. TheHJt\ﬂ?l]% rﬁ‘lf org’?“zf’ f‘ﬁﬁ/ﬁg HPWQGV pOE b2 00 [Ezoihz0abehe- 1025 | m
of cl ai ngZé ha\{l ng a thickness of from about 2 nmtq about 50 nm 27. The
thin & IMESNIGceinkesRIar bherl leonpratmivigzanoel eehti ¢al of ngsﬁ iV igt %fﬁfcm
equal to or less than 300 p-Qcm 26 i , 28. The thin film of alm 22
furthemrferaamlel isigtgndcrhdl eqaios &b meﬁ—h@@' of equal to or less than 100 nrri,
ire mean grain size remaining equalJ to or less than 100 rim after the thin
filmis exposed to a tenperature of at |east about 50D0OC for a tinme of at

| east about 30 m nutes in a vacuum anneal . 29. The thin film of any, of

cl ai s 22-2%4use% E}'f barrier layer in a mcroelectronic device.' 30. A
sem conduct S '{]cf"%nc%%'\imgl age Ohﬁ,@ﬁ\boamcﬁgblr\sﬂstﬂﬁ Q],“n 2ﬁ|m

mat eri al supported by The sem conductor substrate, and into

di f f usitohitoflg metelt diff us Bt oobes aldigrtantathing MBESiaP4RE f&ﬁﬁeﬁ&% Lﬁ'{ iand

conprising the netal; an intervening |ayer conprising the erJrP%fa any

of cl @pRerAgdBinding a hitlcRle %Hk%drﬁ%@'{mrpeq%ﬂg"@els LEbe NG E5Srand rggr%

material into which diffusion

alloying elements; said iarget 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)
a8 meliing temperature of at least ‘about 2400°C; and (2) at leasi a 8 percent

difference in atomic radij relative io titanium,

23. The thin film of claim 22 wherein the metal-comaining laver comprises

copper.

24.  The thin fim of claim 22 wherein x=0.9-0.7, y=0.001-0.3, and z=0.1-
a.e.

25, The thin film of claim 24 wherein w=0.0001-0.0010.

28. The thin film of claim 22 having a thickness of from sbout 2 nm to

abovuil 80 nm.

27.  The thin film of clsim 22 funther comprising an elecirical resisiivity of

equal ic or less than 200 pQ-cm.
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nmetal is lo be alleviated; and the intervening layer alleviating diffusion
of the netal fromthe mass to the naterial relative to an anount of

i i {FER Y
di ffusion that would occur without the intervening |layer. 2005 27 "t 005

28, The thin fitrm of claim 22 further COMPIISiNg a mean grain size of equal
1o or less than 100 fim, the mean grain size remaining equal to or less tharn 100 nim

after the thin film is exposed to a temperature of at jeast aboul 200°C for a time of at

least about 30 minutes in a vacuum anneal,

28, The thin film of any of éla_jms 22-28 vsed as a Cu barrier layer in a

microelectronic device,

30. A semiconductor construction comprising:

a semiconductor subsiraie;

& meieliai supporied by the semiconductor subsirale, and into which
diffusicn ¢f 2 meial is 1o be zlieviated;

@ mass over the material end comprising the metal:

&n intervening layer comprising the thin film of znv of claims 22-28; the
intervening layer being between the mass and the malerial inic which diffusion oi tFe
melzl is 1o be zllevialed: and

the intervening laver allevialing diffusion of the metal from the mass o
the malerial relstive to zn amouni of diﬁusion. that would occur without ihe

intervening laver.
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