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INTERCONQCTS II'.l'B TI-COlfAINING LINEM 

Field of Invention 

The· present invention gene;r:ally relates to a method for 
forming _an electrical conductor in an electronic struoture and 
more particularly, .re.lates to a met}).od: for torming an electrical 
conductor that cont,ains up to 2 atoII_lic % of -an impurity element 
surrqu~ded by ~-liner that conta~ns.Ti. 

Background of invention 

_The . technology of ma~ing 'metal conductor~-- t.o provide 
fo;r. vi-as·, lines and ·other recesses in semiconductor chip 
-str~ctures, ·flat -panel display~_ and package. applicatio~s -_has been 
developed in the past decade. Fe>r i~stance, in d_eveloping 
intercoilned:ion- technology for very-large_..:..s·cale-integrated (VLSJ;) . . . . . . . . . . . . 
structures, . aluminum has· .been _l;ltil._ized a~ the primary metal 
Source for· contacts an<;i. J.nterc·onJ?.eCtS in semi.conductor. regions· 
oi: .. d~vices located -qn a single substrate. Aluminum has been ·the 
mat'erial · of choice because of· its iow cost,· good ohmic contact 

·,and high co_nductivity. However, · pure aluminum · thin-fi·lm . 
conductors have urid.esir~bl_e pt'operties _suc_h as.· ·a ].ow melting 

. point whiC::~ 1-irni ts its use t_o . iow teinperat~re proces~ing. ~~d 
possible· diffusion 'into the silicon· dti~ing annealing which leads ·. . . . . . 
to ·contact an<;i junction failure, .. '-and poor · .-electromigration 
resistance-. Consequently,·_-- a,· number o_f al urninum · alloys· have· .been 
~eveloped_ which.provided· advant;ages over pure aluminum. 

···-·· ·- _ ...... ' . 
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. Recent_ly developed USLI technology has placed more 

st_ringent. demands on the requirements due to the· extremely· high 

·circuit densities and faster operating speeds required· of such 

. devices. This leads to higher current densities in increasingly 

·smaller conduc;::tor· lines. As a result, higher conductance wiring 
. . 

is desired which requires either larger cross-section wires for 

aluminum alloy conductors or a different wj.ring material that has 
. . 

a higher conductance. The obvious choice in the industry is to 

deye-lop the iatte~ which inc::ludes pure copper for its desirable 

·high conductivity. 

In the formation· of ULSI interconnection structures 

such as vias and _lines, copper. can be . _deposited into such 

recesses to interconnect semiconductor region.s or devices located 

on the same.substrate.· However, copper is known to have problems 

in · se~iconductor devices. . . The ele.ctrornigration phe·nornenon occurs· 
. . . . . . . . . . . . . . 

when the s-uperposi tion of an e~ectric fie1d- onto random tJ;iermal 

di.ff us.ion in a rrietall.ic · _soli4 cause·~ a n,et. drift _of atoms in the· 

· directio.n .of · eiect.ron flow .. · Any diffusion ·of copper, a_toms into 

the silicon substrate can 'cause . device. failure .. . . rn _addition, 
. . . 

pu:r.:e coppe.r does not adhere well to · oxygen-contaif1:ing dielectric 

material such as sii~con . dioxide . ·and polyimide .. To. : fully· 

utilize copper in interconnection. technology, the. adhesio"n 

pr9perties" of c~ppe~ must al~.o b~ impr<?ved •. 

The back':""end-of ... lin_e (BEOL) coppe~ metallurgy furt.her 

requix;-e~ liners that are_ multi-fu~ctional, which incl~des the 

adhesion to dielectric, the diffusion ·b~rrier to the _copp.er, the 

lowest· resist~nce for contacts and line redundancy~ and the 

_J'..'eliability. of ·copper ... .One of· the presently .used . liner, 

technology in the industry i~ a layered TaN/Ta syst_em for. a 

. copper condl1c.tor. · 
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The TaN . layer is :requir~d fo.r adhesion and conversion of Ta to 
the· low resistance allotropic alpha phase. The Ta layer provides 
·a diffusion barrier, redundancy·and·adhesion to copper. 

It is theref~re an object of the present inventio~ t.o 
provide a liner for. an electrical . conductor . in an electronic 
structure that does not ·have the drawbacks or shortcomings· of 
. . 
conventional liner materials. 

It is another.object o! pre"Sent invention to provide ·a 
liner for electrical conductors in an electronic ~t~ucture that 
pro:vides improved e.lectromigration.resistance. 

It is a: ·further ·obj~ct of the present inv.ention to · 
I 

provi~e a liner for electrical .conductors in an .electronic 
.structure that contains Ti .. 

·rt is anot:her further. object of" "t_he .· p.resen.t invention 
to provide a liner. for · Cu. conductors· .that ha,s .. improved. 
reliability and el~9tromig~ation resistance. 

It· is still· ~riother object ~f the. pres~nt invention to 
provid~: a. iiner .for a- Cu. cond1ict6r ·in a semiconducto~· strtictu.re 
that . is compatible witb a single . damascene or dual damascene 
process. 

It is yet another object· of· the present invention -to 
. ;-

provide an electricai . conductor in an ·electronic structure . that. 
. . 

includes a conductor body formed of an alloy containing up to 2 
atomi·c.· %. of an eiement selected frorri Ti, .Zr, l;n, Sn and Hf~ 
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It is still another further object of· .the . pre$ent. 

inve:r:iti·on to provide a Cu c_onductor in a semiconductor structure 

that has an abutting liner formed of a material contqining Ta, W, 

Ti, Nb, and v. 

Summary of Invention 

In. accordance with the present inv~ntion, a ·conductor 

in an electronic structure that· includes a conductor l:;>ody- and a 

liner is disclosed. 

In a preferred e~odiment, a conductor in an electronic 
. . . 

structure- is provided. which· incJ,.udes a. conductor formed o.f an 

alloy including_ between-abut 0.001 atomic % and about 2 at~mic % 
. . 

of an element se_lected fr9~ the_ group cons~sting of Ti, Zr,. ~n, · 

Sn-, and H£, and a liner C!-buttiI?c,J the· conductor body f orrned of_ an 

alloy that ·includes Ta, w, Ti,. ·Nb and v. 

·In. the· conductor· formed in an electronic· structu~e, the 

c~nduqtor body· may further include. Cu or Al. The· conduct:oi: body 

in~·y ·further include· Cu. a~d ±1, the liner. may further include 

bet~een . about. 10 atomic % and about . 60 .. -atomic % . Ta., Th.e 

. .-conductor body· may· fu:i;ther . inc.lude" Al. and Ti, or· the liner may 
. . . 

·in.ciude ·betwee1;1 about' ~-0. a,tomic % and -about ~O. atomic % .. of Ti.·· 
. . . . .. 
The· liner may further include a bi-layer formed of Ta1-xNy an~ 

. •' 

Ta1~x, .respectively.· The ·conductor. may further be an interconnect. 
. • J 

in · a single· damascene st,ructure, or in :a. dual damascene 
. . 

s·tructure. The conductor body_ may further. include betwe~n about 
. . . . 

0. 001 atomic % and about 2 · atomic % Ti, the liner may further 

include not less than 20 ·atomic % T.i. · 
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The p+esent invent.i,on is further directed to a liner 
. . 

for a semiconductor interconnect that is formed of a material 

selected from the group consisting of Ti, !if, In, Sn, Zr and 
. . 

alloys thereof t: TiCU3 1 Ta1-xTix, Ta1-xHfx, Ta1-x Inx, Ta1-x Snx, Ta1-x 

Zrxand mixtures. thereof. 

In the liner for a semiconductor interconnect, the . 

. material ·for forming the interconnect may be Ta1-x ·Tix. When· the 

liner abuts· a semiconductor i~terconn~ct ·is formed of Cu or Cu 

alloy, x =· 10 · 60 atomic %. When the liner abuts a 

-semiconductor interconnect is· formed of Al or Al· alloy, x = 10 -

90 atomic ·%. "The liper may further incluQ.e a bi-layer structµre 

of Ta1-x TixNy and 

. Ta1-xTix. 

The present. invention is fµrther directed to a method 

for fqrmin_g an ·electronic structur~ .. th~t can be carrie9 ·out ···by 

the operating .steps ·of ·f-irst .forming an opening in a 

pre-p~ocess~d. electronic substrate~ then depositin~ into ·the 
. . . . 

; opening.a liner of 

·a mater:i,al sel.ected.from the group consisting of.Ti, Hf, In; Sn, 
. . . 

Zr and .alloys thereof, TiCu3 , . Ta i-;:xT.l,x, Ta1-xHfx; ·Ta 1-:xlnx Ta 1-x 
. . . . . 

Snx, . Tai.:.~ Zrx '3:nd· :mixtures thereo~ ,· and: f il;I.ing the opEining .on top 

o.f ·the· liner with. an alloy "includes ?et~~en abou:t o·. ooi · atomic %­

and about 2 atomic % of an eleme:nt s"elected . from -the group 

consisting of Ti, Zr, Hf, In, and Sn. 

The method may further. include the st.ep of fill~ng the 

opening with_a Cu alloy ·or an Al alloy. The method may further 

.·include the .step of d~positing a liner pf a bi.-layer struct"ure of 
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Ta1-xTix Ny and Ta1-xTix. . The method can be integrated into a single 

damascene process, or into a dual ·damasQene proces·s. The method . 
may further include the step of filling the opening. with an alloy 

.: .. 

6 



.' 

... .. 

by a method selected from the group consisting of PVD, CVD, 

electrodeposi ti on and electroless . deposition. · The method may 
. . 

further include· the step of depositing the liner in Ta1-xTix. and 
. . 

annealing the liner at a ~emperature not higher than 450°C when x 

is larger than about.· 2·0 atomic % • 

Brief Description of the Drawings 

The~e and other objects,· features and advantages of the. 

present. invention· will become apparent from the following 

detailed description and the appended drawings in.which: 

Figure lA is a graph illustr?ting the resistance­

temperature relationship ·W;i.th . changes in Ti content· In the 
..... 

present invent.ion Ta1-xTix liner. 

Figure · lB is , a · graph illustrating . the .resistapce~ 

t.emperatu.re. relationship with changes in Ti content· ~ri a Ta1-xTix 
·~ . . 

liner" without copper on top •. 

figure 2 ·is -a ·graph illustratin_g· a concentration 

profile .of Ti thi'ough the thickness· .. of a Cu l~yer ?tfter .annealing-

sh.owing the solubility 
' 

9f Ti in cu. .. 

F_igt;tre 3A fs a .graph illustrating data on change5 in 

electrornigration · lifeti.me of Cu in a Cu. conductor .w~th a Ta1-xTix·. 

liner on one .surface whil·e three- other surfaces of the cu 

conductor are uncovered • 
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Figure 3:8 i~ ~ graph of data obtained in a similar 

manner to those shown in Figure 3A wherein Ta1-xTix alloy liner· is 

substituted for Ta. 

Figure 4 is an enlarged perspective view of a 

multi-level Cu interconnect ·structure i.ncorporating the present 

invention.liner structure. 

Figure SA is an enlarged cross-sectional view of a dual 

damascene structure incorporating the present invention liner. 

F-igure 5B · is -an enlarged cro_ss.-sectional view of .a dual 

darn~scene · struct-q_re incorporating the present invention liner in 
. . 

a bi-layer configuration . 

. Detailed Description of the ·Preferred iimbodiment . 

. . . The present inventio~-. ctisci-oses ·a · conouctor f orm~d . in 
. ~. . . . . 

·.. ' 

an electronic structure· and ·a l.iner .for such · conductor· iri tbe 
. . 

. ·e:lect.ronic structure. 

The pr.es.ent i.nve~ti<:>n conductor formed in an· electronic 

. ·structure.· can be provided which iiicluqes a conductor body _that: is . 

fo~ed of an alloy. ttrat.i_ncludes .between about .0.001 atomic% and· 

about 2 atomic% _of .an·e.ie~ent.sel~cted_from the groµp consisting. 

of Ti, Zr, In, .Sn and Hf, and a liner that abuts the conductor 
. . . . 

body that is formed of an a1l'oy which includes Ta, W, Ti, Nb and· 

v. 

, .. 
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The· present invention further discloses a liner for a 

semiconductor interconnect that is fonned of .a materia1 selected 

from the group. consisting. of Ti, · Hf, In, Sn, Zr and alloys 

.·thereof, T;i.Cu3, Ta1-xTix, ·. Ta1-xHfx, Ta1-x Inx, Ta1-x Snx, Ta1-x Zrx. 

The present invention still further discloses a method 

for forming an electronic structure that. can be carried out .by 

the operating steps of first forming an opening in a 

pre-processed electronic substrate, then depositing into the 

opening. ·a liner of a material selected. from t;he group consisting 

of Ti, Hf, In, Sn, Zr, and filling the opening on top of the 

·.liner· with an allqy that includes between apout · 0.-001 atomic % 

and about 2 atomic % of an element selecteq. from . the group 

consisting of Ti, Zr, ·Hf, In and Sn. 

It . is disc.overed that within a des·irable· range of the 
. . 

Ti content,· i.e.,. ·about. 18"".4~ atomic_%, the requirements of 

adhesi~·n .between the dielectric diffusi~p. barrier and the cu and 

".the . iow resistance for contact line. redundancy are met. . Ti- wa.s 
. . . .• 

·found to ·atabi.lize in· the ·alpha ·pha~e, ·while Ta-. :Ls normally i~ 
. . . . . . 

hig~ resistance. beta phase at temperature·s lower_ 1;:han 750°G. Ti 
. -· 

.also provides adhesion to the dielectr~c and Cu, · maintains 

barrier pro.:i;::>erties to 650°C-, ·and <:1oes. riot increase · the re~istance 
. . . . . 

~f . the Cu line by diffusion. It was also f.ound that the, 

resis:tance increa~es by annealin·g when the Ti content exceeds 50 

atomic %.. These desirabl~_ pi::oper~i:es are gained. in . addition to 
. . . 

the expected increase in electromigr~tion -~ifetime. The present 

invention Ti- conta.~ning ·liner ·therefore fulfills multi-functions 

for use in BEO:t. cu, metallurgy. 

9· 



The present invention novel method prop~ses the use of 

a liner as a single layer liner, thus saving process steps 

involving the deposition of second or third la:Yer." The present 

invention novel method further reduces the total liner thickness 

which would have impacted the resistance or reliability as 

feature size decreases. . ·Th~ novel process is consisten.t with 

normal process· temperatures of 400-450°C and Ta deposition 

method, such tttat no additional processing steps . need to. be 
. . 

·.incorporated into the B.EOL fabrication method. 

It is further discovered that electroplated Cu tends to 

be of high_ purity as a result of the normal chemical process. Ti 

appears to be. the meta~ of choice for dif fusirig into· .cu either 

from below or from above by· way of a separate layer_ or as part of 

. an existing liner.. · . The ··transition metal of .. Ti enhances 

eiectromigr?ition re~istance primarily by plugging up the· grain 

boundaries~ As a result~ large grain Cu witp a transition metal 

ir:t. th~· grain b~undaries · ~lo~s ·down grain boundary d.if-fusion .. 

. Impurities within . the. cu· grains ·do not appear to- -affect 

electromigration resi~tance unless the imp~.i'riti(3~ diffuse to the 

grain boundary; 

The present invention provides ·a liner material for 

circuit ine_tallization that functions ,as a diffusi·on barrier ·to 

the metal, as an adhesion layer to the metal and to· the· 

dielectric, as a· supplier of dopant to the metal for diffusing to 

the interface for e~hancirig reliability, and as a thinner, lower 

resistance liner 

alternative. ·The present invention enables these attributes 

which can be utilized for both copper-based and aluminum-based 

metal interconnects. · -The resistance of the metal is· not 

._~egraded .. 
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The present invention uses Ta1-xTix alloy liner to 

repla,ce conventional liners such as T.aN/Ta for Cu, . and Ti or 

. Ti/TaN for Al. .In the Cu case, Ta is not reactive and is 

insoluble in .Cu and thus does not provide beri~fits for 

electromigration lifetime, and thus TaN is needed for adhesion to 

the ~:iiel~ctr.ic layer. In 'Al, Ti is reactive and -TiAl3 . is formed 

which reduces the Al .area and roughens the interface. As t.he 

line width is reduced, the thickness of the· liner or reactive 

layer becomes more restrictive for· resistanqe and rel~a~ility 

control. The Ti/TiN layer re_duces the reaction, but the total 

liner is ·thicker and therefore, more resistive. In the case of a 

Ti layer for ·cu, for· example, . 10 .. nm Ti/100 run Cu, the . . . 

· electromigration resistance. ·is greatly i:pcreas·ed. Howev~r, . the 
. . . . . 

resistance of cu· becomes· unacceptably ·high. · Furthermore, the·· 

diffusion barrier _prop.erties of. Ti are inadequate such ·that a 

barrier multf-layer :with TaN/Ta .is required, thus compounding t~e 

. thicknes·s · problem and adc;Un.g. ·a new ·proces.s .step .. . . . . . . 

The present · inve.rit:lon riovel liner structu~e of · Ta1-xTix 

prov~des. signi~icant property. i.inprovement_s. ·for· ins.tance, : by 

controlling_ the· .Ti concent.ratiori (x)., reaction ·with .the ineta·1 and 

·the . dl.electric can. be· adj.µsted to· provide adhesion to ,the 

dielectric, to ·.retain · di.ffusfon . parrier characteristics, to 

retain 

low resi·stance in the Cu lines and to provide sufficient Ti to 

increase . the a·1ectromigration.. and thermal s~ress . lif·etj:me. 
. . . . 

. Another added benefit of the ·Ti adcµtion."to Ta is the fabrication 

. · of Ta films· in the low ·resH~tance st.ate, i.e. in the alpha phase · 

at low ·annealing temperatures .. 

. .. · 
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Referring initially to Figures lA and·1s wherein the 

resistance-temperature relationship with changes in Ti content is 
. . . . 

illustrated. Without Ti addition ·and annealed at 400.°C for two 
. . 

hours,· the Ta resistance is not reduced. However, when X=l 8 

atomic%, annealing process.reduces the resistance. 

hi~her than ·10 atomic % , the low resistance state 

When x is 
. . 

of Ta is 

produced durin~ deposition. The resistance of the Cu layer was 

redU_Ced by annealing at Up tO X=5Q atomic % I above Which, an 
increase was observed. · ·. Data in Figure.s lA and lB further. 

indic.ate that an optimal range for Ti. is between about 30 atomic 

·% and about 50 atomic % • 

A SIMS analysis of Ti diffusion into Cu is shown in 

Figure 2. ·Tne Ti profile through the thickness of a Cu layer on 

annealing indicates that the solubility level of Ti in the Cu 

reac~~d equilibrium values at ·above x=50 atomic % . wi.th a·. high 
. . 

segregation to the· outer. surface. At below x=50 atomic % , · the Ti 

,·level is below- equilibrium with. decreasing surface s·egregation .. 
. - . . . . - . -

' : x- ray· diff_raction · analys·is indica:tes that Ti stabiiizes the low 
. . 

· .. : temp~ratUre . pha·se of T·a, · i.e. the bee _alpha phase, ·.and 

furthermore, .at above ·x=50 ·atomic %, . ph~se separation _of bee Ti 

begi~s _to occ::ur. The -data is thus consistent with the increased 

interaction with Cu as·· previou.sly. opserv:~d. 

Further shown in Figure ·3A is data obtained on changes 

in el.ectrqmigrat~on lifet~me -of 8u with a Ta1-xTix liner on-· one 

surface, while the other three surfaces :of th~. Cu line. remain 
'. 

uncoated. The dat.a was tak7.n at 375°C and 25 -ma/µm2 with . 1 µm. 

wide PVD Cu (i.e. evaporated _Cu) lines. At ·such temperature, the· 

:1if"etime changes by about ·sx for x=106 atomic % and decreases t.o 

a.bout ·2. 5X when· the ·concent~ation. o.f Ti reduces to ·about x=so · 
atomic % • . However~ · because of. ·higher activation ene_rgy measu.red 

12 
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for PVD Cu when' the TaTi alloy liner is substituted for Ta, 
. . 

improvement at use temperature of 100°C (l/T = 26. 8 x 10-4 ), as 

shown in.Figure 3B, would be several orders of magnitude higher. 

13 
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The total availability of Ti dopant f6r the Cu lines is 

key to the effectiveness of the present invention liner, s·uch 

t~at coating of all surf~ce~ with the liner is p~eferred: In the 

·particular embodiment of· fabrication methods, tl").is may not be 

feasible. · However, unlined surfaces can ·be coated by the 
. . 

diffusion of available Ti from the liner through· the Cu to the 
. . 

unlined surfaces, as previously shown in Figu.re 2. It is 

therefore suggested that coating· three surfaces, as indicated in 

one embodiment later· described, produces higher e·ffecti veness 

than results shown in Figures 3A and 3B. 

Th~. implementation of the present invention novel 

.· method in liners. in various embodiments are i1lustrated · in 

Figu·res 4, SA and SB,: which ·illustrate t~ical · structures · 
. . 

fabricated in the Cu/liner/diel·ectr~c metallization system . 

Figure 

,multi-leve~.· Cu 

. · . . 

4 · illustra:tes . an · ove~a11 · 

-interconnect;ion 
. . 

str;ucture 10· 

present inventi_ori novel · liner ·. i"s ·integrated". 
. . . . 

· diagrair:L · o"f a 

into which the 

The metalization 

· ~o~nects to the device· 12 fo.tmed in· substrate 14. throu_gh the 

·contact v~a · 16 arid: the c9ntact · ~ 8. Via 16 is usually. formed of 

tungst;:en, however, it can also be f~rfl!.ed of· C.u or of .cu_ alloy .. 

The. "firet leve1 me:tal · 20 is . pr.ocessed ·into the interlayer 

dielectic ( ILD) · 22 us·ually ·by ·a chemical ".mechanical polishing 

. {CMP) !Jteth<_:>d. A sin.gle ~'amas~ene. structure. is shown. fn. Fi.gure 4 
. . . 

i!l which a. ·t~ench or via 16 is ~tched into the ILD· lqy~r 22~ _a 

liner layer 24 is deposit~d,. followed by ~P.e deposit;._ion of· a ·.Cu 

layer which is thicker than· the ILD layer and then, the cu layer 

· . is poli.shed back by the.-CMP m~thod uQtil the polfsh-stop layer 26 

is re~ched. Ali. ILD · layer is s~b~equently deposited, a ·pattern 

·· etohed an~ ·the previo.us process repeated for the next ·leye.l of 

Cu, .~.e. for. via 30. 

14 
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The polish~stop i~yer 26 is usually ·for~ed of silicon 

nitride, but could be fonned by any other 19w dielectric constant 

.material. Layer 22 can be formed of any ILD dielectric materiai 

of either· inorganic· base or. organic base. The present .;invention 

specifically concerns with the liner layer 24 and the material 

used to fonn the liner _layer'· such as Ta1-xTix, bi-layer of 

T~1-xTix/Ta1-xTix Ny, or any other substitutes for Ti such as ·zr or 

Hf. The composition, x can be suita:bly selected· between about 10 

and.about .60 .atomic%. 

A. dual dam~scene construction in.corporating the present 

·. invention ·liner is · show~ ·in· Figure SB. The configuration . is 

· applicab~e to. any ·Cu· metalization process that _utilizes .a liner 

material. . As . shown· in Figu:r:e · SB, two levels of patterns are 
. . 

· ·etched into ILD and the_ Cu deposit f i_lls both du~ing the· same 

deposi tion-f. · as in a · tyPica:r dl,lal damascene .process.. · The · liner 

consists_-·· ~f ·two layers_~ .. 40 and .42 ~· The· fi·ri;;t liner l_ayer . 40· 

· ·.· ~butti_ng tlie tLD .-is'. a. layer of T~1-xTi·x ·Ny. on top of . the. _f_~rst 
.· -liner ·iayer 40;- -is depo_s~ted lirier iayer· 42 of a Ta1-xTi~. 

mat·eri.al, .and then ·followe9- ·by the deposition of Cu ·.44 and· 46.' 

The CJ.l deposi_tion can be· Cprried out by · a physical vap¢r 

deposition (PVD) or a chemical ·.vapor ·.deposi t.~on (CVD). method,. by· 

electrop~a-timj, .. ·or by lay~ring of PVD ·co:r qvD) /electroplatea Cu . 

in which the PVD or Cvo ·layers are used as· _seed laye_rs for ·the 

plated Cu. 

· ·rn a '..seco_nd embodirne_nt, ·as shown in Figure ~A, -a _single 

Ta1-~Tix layer · 42. is incorporated. as· the lin.er layer. . · The 

~rnbodiment is preferred as feature size is· decreased to the level 

· · where· l.iner. t·hickness -beco~es· .li~iti.ng for resistance c;:ontrol, 
. . . . . 

. . . _for :Cu.: deposition ·and re.liab,tlity .. : · 
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In the two embodiments shown above, Ti is transported 

from the liner 42 through the Cu 44 or along the liner/Cu 

interface to the uncoated surface of Cu 44 or 46. The transport 

through the . Cu takes place along grain boundaries as well as 

through the grains. and 

~lectromig~ation lifetime is 

thus, in 

increased 

polycrystalline· Cu. 

·by deer.easing . grain 

bo_undary transport as well as by decreasing sur:face transport. 
. . . 

·rt should be note that not only the electrornigra.tion lifetime is 

increased, the . rate at which the:rmal "voids are formed is also 
' .reduced as. the transport rate is reduced. 

When . the metal layers .44, 46 are formed of Al or Al 

alloys, the .. embodiments spown in Figures Sf\. and SB produced 
. . 

·.longer li.fetime and lower. resistance wi tl).· the Ta1-xTix liners. In 
. .... . . . .· . 

such case~, the coritrol of . the magnitude-. of concentration (x) 

restricts 

t_he amount of. reaction tha-t forms_ -TiAL3, and thereby producing .a 

thiilnE;?r, more._ p~anar .inter-~etallic · layer. This .. results . in· 

·' decreased cu;r:rent densi_ty ·aD:d ·r~sistance· of· .the Al lin~s, as wel~ 

as closer :tolerances-and geometry and. lifetime distribution.· 

The present invention novel conductor and the liner for 

l"ining .the con~ctor :have the·;ref ore bee·n· amply desc_ribed in the 

above ·description and in the appe·nded drawings pf Figures 1--SB. 

Wpile the present invention has been de-scribed in an 

illustrative manner, it sho~ld be 'uride~stood tha_t th_e terminology 

used is intended to be in.a nature ·of words of.oescription rathe.r 

than of· limit.ation. 

16 
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Furthermore, while the present invention has been 

described in te.rms of a preferred and an alternate embodiment, it 

is· io be appreciat~d that those skilied in the art will readily 

apply these teachings to other _possible variations of the 

inventions. 

The embodiment: of the invention in which an exclusive 

property or privilege is claimed are defined as follows . 

. 17 
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1. A c9nductor in an electronic structure comprising: 

a .conductor body formed .of an alloy compri~es between 

about· 0. 001 atomic % and about 2 atomic % of an el~ment .selected 

from the group consisting of Ti, Zr( In, Sn and Hf, and 

a liner abutting said conductor body formed of an alloy 

comprises Ta, W, Ti, .Nb and V. 

2. A conductor in.an ~lectronic structure according to 

claim. ·1, wherein said conductor body further comprises Cu. or Al .. 

3. A conductor in an electronic structure according to 

claim 1, wherein said conductor body compr_ises ·of Al and: Ti, and 

sa?-d liner . comprises between. about TO atomic % and about. 90 

a~omic % Ta. 

4. A conductor· in .~n electronic ·structure accordi~g to 

.. · ·claiµi_ 1, wherein _$aid conductor body comprises ,Al·· and Ti, said· 

linel? comp~ises·. qetw:~eri .about. 10 atomic.% and about 90 atomic ·% 

Ti. 

5. ·A conductor in an.electronic structure acqording to 
. . 

claim 1,. wherein said· liner comprises a.·. bi-layer· forined of 

·'.l'a1-xTix Ny. and Ta1-xTix, res:pecti vely. 

18 
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6. A conductor in ati electronic structure according to· 

·cla.im 1, wherein said conductor 'is an interconnect in a single 

damascene structure. 

7.. A conductor in an electronic structure according to 

claim· 1, whe·rein said conductor is an interconnect in a dual 

damascene ·structure. 

8. A conductor in· an electronic structure ·according to 

claim 1, . wherein- .said·. conductor body comprises between . about 

·0.001 atomic % and about 2 ~tomic % of Ti, said liner .comprises 

not ·.less than 10 ·atomic % Ti. 

9·. · A liner for a semiconductor- interconnect: formed· of 

a- m~te_rial selecteq.- from the 9roup consist"ing of Ti, , Hf, . In,· Sn,· 

·Zr and·· .. a.l.loys. thereof; TiCu3, Ta1-xTix1 Ta1-xHfx, Ta1--xinx·1 

Ta1-x.Snx;'.l'a1-xZrx and mixtures thereof .. , 

.10.: A liher·for a semiconductor interconnec;t according 

·to:-claim 9., ·wherein said material is Ta1-xTix. 

11· •. ·A liner for a semiconductor interconnect .according 
. . . 

to claim 10, wher~in_· x = _10 ...... 60 atomic·%· when ·said ·liner abuts· ·a 
.. . . . ·. 

semiconductor interco~nect formed of Cu or Cu alloy • 

.. . . . - .. . . 
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12. A liner.for a semiconductor interconnect according 

to clai~ 10, wherein X = 10 - 90·atomic % when said liner abuts a 

semiconductor interconnect formed of Al or -.Al alloy. 

13. A liner for a semiconductor interconnect according 

. to claim lO;_wherein said liner comprises a b~-layer structure of 

Ta1-xTixNy .and ·Ta1-xTix. 

14: A· method for forming an electronic structure 

comprising th~ steps ·of:· 

. forming an opening in a pre-proc~-ssed·. electronic 

substrate; 

oepositi_ng into said opening· a liner of. a material 
. . 

se.lected from the group consisting of Ti, Hf,· In,:_. sn.,. ·zr and 

. alloys· tp.ereof, .T~Cu3, 

and mixt~res thereof. 

. . 
Ta1-x~ix1 Ta1-.xHfx, Ta1-xinx·1 Tai-xSnx, Ta1-xZrx ·. .. . 

· 15. . A ·method for forming_ an electronic . structure · 

according. to claim 14. f1,J.rther ¢oinprising ·the step of· filling !3a~d 

opening w;i.th a: Cu ail_oy ·_or an Al alloy .. 

: 16. A·· me.thop for . formi:h:g. an ·electronic structure 

.according to claim 14 further comprising the step of de~ositing a 
. .. 

· liner of a bi-layer structure of' Ta_~:~Tix;Ny and Ta1-icTix • 

. i 
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17. A method for forming an electronic structure· 

·according to claim 14, whe.rein said method is integrated into a 

single damascene process. 

18. A method for forming· an electronic structure 

a.ccord~ng to claim 14, wherein said method is integrated into a 

dual damascene process. 

19. A method for . form;i.ng an electronic structure 

a~co_rding tQ claim 14 fu:rt]1er ·comprising the step· of filling. said 

opening with · said alloy by a· .method selected f r9m . the group 
. . 

consisting . of PVD·, CVD,. electrodeposition and electroless 

deposition. 

·.20. A method for :i:ormin9 an · ele-ctronic . structure 
. . 

according to. claim 14 ·further comp;rising the step ·of ·_qep?siting. 

$aid liner in Ta1-xTix and annealif1:9. said. liner. at a temperat~re 

not higher than 450°C when said x is ·larger than about 20 atomic 

%. 

; . 
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