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Field of Invention

The'present invention generally relates to a method for
forming_an electrical conductor in an electronic structure and
more particularly, relates to a method:for forming an electrical
conductor that contains up to 2 atomic % of an impurity element
surrounded by a liner that contains Ti.

Background of invention

. The ~technology of nmklng metal conductors to prov1de
for. vias, llnes and ‘other recesses 'in ,semlconductor chip

'-structures, flat - panel dlsplays and package appllcatlons has been -

developed in the past decade. For 1nstance, in developlng

- 1nterconnectlon technology for very—large scale-lntegrated (VLSI).

structures, alumlnum has' been utlllzed as the prlmary metal

. source for- contacts and 1nterconnects in semlconductor regions-
_or devices located on a 51ngle substrate.- Alumlnum has been ‘the

material of ch01ce because of 1ts low cost, good ohmlc contact

“.and hlgh conduct1v1ty. However, - pure alumlnum th1n~fllm.

conductors have unde51rable propertles such as a low melting

- point whlch limits its use to low 'temperature proce331ng' and '

p0531ble diffu31on into the 31llcon durlng anneallng whlch leads
to contact and junctlon fallure, “and poor 'electromlgratlon
re31stance. Consequently, .a’ number of alumlnum alloys have been

' developed Wthh prov1ded advantages over pure alumlnum.
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Recently Ideyeloped- USLI technology has placed more
strlngent demands on the requirements due to the’ extremely high

circuit densities and faster operating speeds requlred of such
. devices. This leads to higher current densltles in increasingly
‘smaller conductor'lines. As a result, higher conductance wiring

is desired which requires either larger cross-section_wires for
aluminum alloy conductors or a different wiring material that has
a.higher conductance. The obvious choice in the industry is to
develop the latter whlch includes pure copper for its desirable

‘high conduct1v1ty.

In the formation- of ULSI interconnection' structures'
such as vias and lines,_ copper can be deposited into such
recesses to 1nterconnect semlconductor regions or devices located
on the same. substrate. However, copper 1is known to have problems
in semlconductor dev1ces., .The electromlgratlon phenomenon occurs
when the superp031tlon of ‘an electric field: onto random thermal
diffusion in a metallic solid cduses a net drlft of atoms in the_“

:dlrectlon of electron flow.. Any ‘diffusion of copper:atoms into

the silicon substrate can :cdause . dev1ce fallure In addition,

' pure ‘copper does not adhere well to- oxygen—contalnlng dlelectrlc

materlal such as 31llcon dlox1de ‘and polylmlde, To :fully"

. utlllze copper in 1nterconnect10n technology, 'the"adhesion'

propertles of copper mUSt also be 1mproved..

. The back—end—of—llne XBEOL) copper netallurgy further
requlres liners that are nmltl-functlonal, which includes the

" adhesion to dielectric, the diffusion barrler to the copper, the
"lowest res1stance for contacts and 11ne redundancy, and the

rellablllty of copper. - One of  the presently used liner
technology 1n the 1ndustry is a layered TaN/Ta system for a

- .copper conductor.
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" The TaN layer is required‘for adhesion and COnversion of Ta to

the low resistance allotropic alpha phase. The Ta layer prov1des

‘a diffusion barrier, redundancy and adhesxon to copper.

It is therefore an oObject of the present invention to
provide a liner for’ an electrical -conductor - in an electronic
structure that does not have the drawbacks or shortcomlngs of
conventlonal llner materlals. '

It is another object of'present-invention to provide'a'

liner for electrlcal conductors in an electronlc structure that

prov1des 1mproved electromlgratlon re31stance.

It is a further object of the present invention to -

' prov1de a llner for electrlcal conductors in" an electronic

,structure that contains Tr._

It 1s another further object of the present 1nventlon_;

.'jto_ prov1de a llner_ for Cu conductors that has _1mproved.

reliability and electromlgration resistance.

It is Stlll another object of the present 1nvent10n to'

prov1de a 11ner for a Cu . conductor in a semlconductor structure
h_that is compatlble with a s;ngle damascene or dual damascene
'process._ '

It 1s yet another object of- the present 1nventlon to
prov1de an electrlcal conductor in an -electronic structure that

includes a conductor body formed of an alloy contalnlng up to 2

atomic. % of an element selected from T1, Zr, In, Sn and Hf
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It is still another further object of the . present.
invention to provide a Cu conductor in a semiconductor structure
that has an abutting liner formed of a material containing Ta, W,
Ti, Nb, and V. ' ' |

| Summary of Invention
_ In accordance with the present invention, a conductor
in an electronic - structure that - includes a conductor body and a
liner is dlsclosed

In a preferred embodiment, a conductor in an electronlc
structure is prov1ded which includes a. conductor formed of an
alloy ircluding between abut 0:001 atomic $ and about 2 atomic %
of an element selected from the group con31st1ng of Ti, Zr, In,~

.Sn, and Hf, and a liner abuttlng the conductor body formed of an

alloy that 1ncludes Ta, W, Tl, Nb and V.

" 1In. ‘the’ conductor formed in an electronlc structure, the_

_-conductor body may further 1nc1ude Cu or Al ' The-conductor body
: may further include Cu and Ti, the liner may further 1nclude_

between about 10 atomlc $ and about .60, atomlc % Ta. - The

~conductor body ‘may further 1nc1ude Al and T1, or the llner may'
'include ‘between abodut 10 atomlc $ and about 90 . atomic % of T1.

‘I'he liner may further 1nclude a bi-layer formed of Tal_xNY and

_ TaL«,.respectlvely. The conductor,may further be an 1nterconnectf

in -a single damascene structure, or in ‘a dual damascene

~_structure. The conductor body. may furtheriinclude'between about

0.001 atomic % and about 2 atomic % Ti, the liner may further
include not less than 20 atomic % Ti. | ' '



Ll

N
W

The preseit invention is further directed to a liner

for a semiconductor interconnect that is formed of a material

selected'from the group consisting of Ti, Hf, In, Sn; Zr and
alloys thereof, TiCua, TapgTix, Ta,-xHEx, Tai-x Ing, Taax Snx, Taix .

erand mlxtures thereof

In the 1liner for a Semieonductor interconnect, the

material for forming the interconnect may be Takx'Ti&_ When~the

liner abuts a semiconductor interconnect-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 %. nThe,liher may further include a bi-layer structure

of Ta;x TizxNy and
. Ta]_.xTix.' .

The present. 1nventlon is further directed to a nethod
for forming an ‘electronic structure that can be. carrled out "by.
the operatlng steps of -first formlng an openlng in a

_pre—processed electronlc substrate,_ then - dep031t1ng 1nto the

openlng a 11ner of

-.a materlal selected from the group con51st1ng of Tl, Hf, In, Sn,
- Zr and alloys thereof, TiCu3, Ta 1-xT1x, Tal.fox, Ta 1.xInx Ta 1_x".'
Sn&_Tan Zry and .mixtures thereof, and fllllng the openlng on top _-
‘of the llner ‘with. an alloy includes between .about 0. 001 atomic %

and about 2 atomic % of an element selected from +the group'
cons1st1ng of Ti, Zr, Hf, In, and Sn.

_ ~ The method may further include the step of fllllng the
openlng w1th a Cu alloy or an Al alloy. The method may further

“include the,step of dep051t1ng a liner of a bi-layer structure of



Ta;xTix Ny and Ta;xTiy. - The method can be integrated into a single

~ damascene process, or into a dual -damascene process. The method

may further include the sfep of filling the bpening_with an alloy



by a method selecteg from the group consisting of PVD, CVD,
electrodepoSition and electroless .deposition. - The method may '
further include- the step of depositing the liner in Tapgrr‘and
anneallng the liner at a temperature not higher than 450°C when X
is larger than about. 20 atomic %.

Brief Description of the Drawings
These and other objeCts,-features and advantages of the
present' 1nvent10n will become apparent from the following
detailed descrlptlon and the appended drawings in Wthh' '

Figure 1A 1s a graph illustrating the resistance-
temperature relationship’ with changes in- Ti content in the
present invention Ta;sTi, liner. ' |

Flgure iB' 1s a graph 1llustrat1ng the re31stance—
_ temperature relatlonshlp w1th changes in Ti content in a Tathlx
llner w1thout copper on top ) '

. Figure 2 -is a graph 1llustrating a concentratidn
profile of Ti through the thickness of a Cu layer after anneallng~
'show1ng.the solublllty of_Tl in Cu.

Figure 3A is a graph 1llustrat1ng data on changes in
electromlgratlon llfetlme of Cu in a Cu conductor . w1th a TabaTlmf
llner on one surface while three other surfaces of the Cu
conductor are uncovered ' '



Flgure 3B is a graph of data obtained in a 31m11ar
manner to those shown in Flgure 3A whereln Tal..lex alloy llner is
substituted for Ta.

, Figure 4 1is an enlarged perspectlve .view of a
multi- level Cu interconnect - structure 1ncorporat1ng the present

invention liner structure.

‘Figure 5A is an enlarged cross-sectional view of a dual

- damascene structure incorporating the present invention liner.

Figure 5B is -an enlarged cross-sectional view of a dual
damascene structyre 1ncorporat1ng the present 1nventlon 11ner in

a bl—layer conflguratlon.

Detalled Descrzgt;on of the - Preferred gggodimen'

-The present 1nventlon dlscloses a conductor formed 1n:-
an electronlc structure and a liner for such conductor in the
: electronic structure.i '

_ The present inventlon conductor formed in an electronlc -
_ structure can be prov1ded which 1ncludes a conductor body that 155'
formed of an alloy that 1ncludes between about 0. 001 atomic % and'

" about 2 atomlc % of an element selected from the group con51st1ng -

- of T1,.Zr, In, Sn and Hf, and a liner that abuts the conductor'J
. body that is formed of an alloy Wthh 1ncludes Ta, W, Ti, Nb and
V.



The present invention further dlscloses a liner for a
semlconductor interconnect that is formed of .a materlal selected
from the group. consisting of Ti, "Hf, In, Sn, 2Zr and alloys
- thereof, TiCus, TaixTiy, TaixHfy, Taix Iny, Taix Sny, Taix ZT. |

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,i-then depositing into the
opening -a liner of a material selected from the group consisting
“of Ti, Hf, In, Sn, 2r, and filling the opening on top of the

'liner'with an alloy that includes Dbetween about 0.001 atomic %
- and about 2 atomlc $ of an element selected. from .the group
' consisting of Ti, Zr, Hf, In and Sn.

It 1s dlscovered that w1th1n a de31rable range of the.
T1 content,- i.e.,. about. 18~40 atomic %, the requlrements of
adhesion between the d1electrlc dlffu51on barrler and the Cu and
‘the .low reS1stance for contact 11ne redundancy are met. Ti. was
found - to stablllze 1n the alpha phase, whlle Ta 1s normally in |
hlgh re51stance beta phaSe at temperatures lower than 750°C. Ti-
.also prov1des adhe51on to the dlelectrlc and Cu, maintains
"barrler propertles to 650%:, ‘and does not increase: the re51stance
of the Cu 1line by diffusion. It was also found that the\
_ re31stance 1ncreases by annealing when the Ti content exceeds 50.
atomic %. These de31rable propertles are galned in. addltlon to
_'the expected 1ncrease 1n electromlgratlon llfetlme. The present .
invention Ti- containing liner therefore fulfills multl functlons

for use in BEOL Cu metallurgy.



_ The present invention novel method proposes the use of
a llner as a single layer liner, thus saving process steps

- 1nvolv1ng the deposition of second or third layer. The present

invention novel method further reduces the total liner thickness
which would have 1mpacted the re51stance or reliability as
feature size decreases. " The novel process 1s consistent with
normal process  temperatures of 400~450°C and Ta deposition
method, such that no additional proce881ng steps need to be
~.incorporated 1nto the BEOL fabrlcatlon method.

It is further discovered that electroplated Cu tends to
be of high,pnrity as a result of the normal chemical process. Ti
appears to be: the ﬁetal of choice for diffusing 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
electromlgratlon resistance primarily by plugglng up the graln
' boundarles. As a result, large grain Cu with a transltlon metal
" in_ the - Qrain boundarieS' siows - down grainf boundary"diffusion.-
_Impurities' within . the Cu grains do not appear to affect -
electromlgratlon re31stance unless the impurities dlffuse to the

.graln boundary.

The present invention prov1des a liner material for
c1rcu1t netalllzatlon that functions as a dlffu51on barrier to
the metal, as an adhesion 1ayer to the metal and to the
dlelectrlc, as a suppller of dopant to the metal for diffusing to
the interface for enhancing rellablllty, and as a thlnner, lower
. resistance liner: _
~alternative. The present invention enables these attrlbutes
which ‘can be utlllzed for both copper-based and alumlnum-based
‘metal 1nterconnects. .-The re51stance of the meta; 1s not

P

:degraded
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The present 'invention"uses TarﬁTix alloy liner to
replace conventlonal liners such as TaN/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 ‘benefits for
. electromigration lifetime,-and thus TaN is needed for adhiesion to
the dielectric layer. In‘Al, Ti is reactive and TiAls; is formed
which reduces the Al drea and roughens the interface. As the
'~ line width is reduced, the thickness of the. llner or reactlve
l.layer becomes more restrlctive for resistance and rellablllty
“control. The Ti/TiN layer reduces the reaction, but the total
liner is'thlcker and therefore, more res1st1ve. In the case of a
Ti layer - for <Cu, for- example, .10..nm Ti/100 nm Cu, the
"electromigration resistance -is greatly increased, However, -the
resistance of Cu becomes unacceptably hlgh .'Furthermore, the
diffusion barrler propertles of Ti are inadequate ‘such - that a

"barrler multi- layer w1th TaN/Ta is requlred, thus compoundlng the :
ffathlckness problem and addlng a new process step

- The present invention novel liner structure of’ Tabelx"
prov1des 51gn1flcant property 1mprovements. ‘For- 1nstance, by
controlling the Ti concentratlon (%), reactlon 'with the metal and
the d1electric can- be adjusted to provide adhe81on to the _
' d;electrlc, to "retain d;ffu31on ‘barrier characterlst1cs,- to
retain o I - B
low reslstance in the Cu lines and to provide sufficient Ti to
_ 1ncrease the electromlgratlon and thermal stress lifetime.

. Another added benefit of the Ti addltlon to Ta is the fabrlcatlon'
of Ta films in the low re51stance state, i.e. 1n the alpha phase
at low anneallng temperatures .

11



Referring initially to Figures 1A and 1B 'uherein 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=18
atomic'%, annealing process.reduces the resistance.” When x is
bigher than 18 atomic %, the low resistance state of Ta is
produced during deposition. The resistance of the Cu layer was
reduced by anuealing at up to x=50 atomic %, above which, an
increase was observed. = Data in Figures 1A and 1B further.
indicate 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. The Ti profile through the thickness of a Cu layer on
annealiug indicates that the solubility level of Ti in the Cu
reached equilibrium values at above x=50 atomic % with a' high

' segregation'to the'outer surface. At below x=50 atomic'%/ the Ti

'7:leve1 is below- equlllbrlum with. decreaslng surface segregatlon.

-:X- ray: dlffractlon analy31s 1nd1cates that T1 stablllzes the low -
;;temperature _phase_ of Ta, i.e. the bcc alpha' phase, " and
.furthermore,_at above'x~50'atomic %,.phase separatiou of bcc Ti
begins to occur.- .The "data is thus con31stent with the 1ncreased.‘-
1nteract10n with Cu as prev1ously observed

Further shown in Figure 3A is data obtalned on changes
in electromlgratlon 11fet1me of Cu with a Tal.x‘l‘lx 1rner on- one
surface, while the other three surfaces_of the_Cu.line:remain
uncoated. ‘The data was taken at 375°C and 25-maﬂu?-with..1 pm .
wide PVD Cu (i.e. evaporated Cu) lines, At ‘such temperature, the

llfetlme changes by about 5X for x=100 atomlc % and decreases to _'

'_about 2 5X when the concentratlon of Ti reduces to -about x~50:_;

_ atomic $%.. However, because of - hlgher activatlon.energy measured"

12



for PVD Cu when: the TaTi alloy liner is ‘substituted for Ta,
improvement at use temperature of 100°C (1/T = 26.8 X 104), as

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

13



The total availability of Ti dopant for the Cu lines is
key to the effectiveness of the present invention 1liner, such
that coating of all surfaces with the liner is preferred. 1In the
':partlcular embodiment of- fabrlcatlon methods, this may'not be
fea51ble ' However, unlined surfaces can be coated by the
diffusion of available Ti from the llner through the Cu to the
unllned surfaces, as prev1ously shown in Flgure 2. It is
therefore suggested that coating three surfaces, as indicated in
one embodiment 1ater described, produces hlgher effectlveness
: than-results shown in Figures 3A and 3B.

_ The . implementation of the present inuention noyel

.3ﬁethod in liners. in_ various embodlments are illustrated' in
Figures 4, 5A and 5B, which -illustrate typlcai‘ structures’
fabricated in the;Cu/liner/dielectric metallization system.

Figure 4 1llustrates . an overall diagram’ of a
,multl—level Cu 1nterconnect10n structure 10 _into"which the.
present 1nvention novel 11ner is 1ntegrated The netaiizatiOn
‘connects to the dev:.ce 12 formed 1n substrate 14 through the
.contact v1a 16 and the contact 18 Vla 16 is usually formed of
tungsten, however, it can also be formed of - Cu or of Cu alloy.
The flrst level metal 20 is processed -into the 1nter1ayer
dielectic (ILD) 22 usually by a chemlcal nechanlcal pollshlng
"(CMP) method A single damascene’ structure is shown in Flgure 4
1n which a 'trench or via 16 is etched into the ILD: layer 22, a
liner layer 24 is dep051ted,.followed by the deposition of-a- pu'
- layer which is thicker thanithe ILD layer and then, the_Cu layer
-is polished back by the CMP method until the poliSh~stop layer 26.
is reached. An. iLD'layer is subsequently deposited, a 'pattern
'etched and -the prev1ous process repeated for the next level of

Cu, 1 e. for via 30

14
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The polish-stop layer 26 is usually'formed of silicon
nitride, but could be formed by any other low. dielectric constant

-material. Layer 22 can be formed of any ILD dlelectrlc materlal

of either inorganic- base or organic base. The present invention

'specifically concerns with the liner layer,24 and the material

used to form the liner layer' such as TaixTis, bi-layer of
Tab*Tix/TaL*Tix Ny, or any other'substitutes'for Ti such as Zr or
HEf. The comp031tlon, X can be sultably selected between about 10
and. about 60 atomlc $. ' ' '

A'dnal damascene conStruction incorporating the present

';1nventlon llner 1s shown 1n Figure SB. The configuration is‘
' appllcable to any ‘Cu metalization process that utilizes a liner
'materlal. 'As shown in Eugure 5B, two levels of patterns are'

s:etched into ILD and the Cu deposit flllS both durlng the same
- deposition, as in a typlcal dual damascene process.- The ‘liner

! consists of two layers, 40 and A42: The flrst llner layer 40
::abuttlng the ILD is a layer of TaL«Tlx Ny. ©On top of the_f}rst

":llner layer 40, is, dep051ted liner layer 42 of a TaLxTigf

.'material, and then followed by the deposition of Cu .44 and 46.

The Cu dep051tlon can. be- carrled out by - a phy31cal vapor

. dep051tlon (PVD) or a chemlcal vapor dep031tlon (CVD) method,- by

: electroplatlng, or by layering of PVD (or CVD)/electroplated Cu

in which the PVD or CVD - layers are used as seed layers for the
plated Cu. ‘ ' '

In a‘ second embodlment, -as shown in Flgure 5A, a S1ngle
Ta-xTix layer 42 is 1ncorporated as the llner layer. . ‘ The

_ embodiment is preferred as feature size is decreased to the 1evel_,'
" where ' llner thlckness becomes llmltlng for resrstance control,

_._for Cu dep031tlon and rellablllty..

"15



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 albng grain boundaries as well as
through '~ the grains. and thus, in  polycrystalline’ Cu.
Electromigration 1lifetime is inéreased by . deCreasing ‘grain
boundary transport as well as by decreasing surface transport.
It should be note that not only the electromigration lifetime is
increased, the'rate'at.which thermal'ﬁoids'are,formed is also
reduced as. the transport rate is reduced.

When the metal la&ers 44,46 are formed of Al or Al
alloys, the . embodiments shown in Figures 5A and 5B produced :
-'longer 11fet1me and. 1ower resistance w1th the TanTlx liners. 1In
such cases, the control of the magnitude of concentratlon (x)
restricts _ . - _ '
the amount of reactlon that forms T1AL3, ‘and thereby producing .a
"thlnner, more planar 1nter—metalllc layer. Thls results Cin:
'decreased current density ‘and res1stance of the Al 11nes, as well
as closer tolerances and geometry and. llfetlme dlstrlbutlon. _ '

- The present 1nventlon novel conductor and the llner for_
;llnlng the conduator ‘have therefore been amply descrlbed 1n ‘the

above description and in the appended draw1ngs_of Flgures 1~5B.

_ Whlle the present 1nvent10n has been descrlbed in an
1llustrat1ve manner, 1t should be understood that the termlnology .
used is intended to be in.-a nature of words of. descrlptlon rather
dthan of: llmltatlon

16



Furthermore, while the present invention has been
deécribed in terms of a preferred and an alternate embodiment, it
is to be appreciated that those skilled in the art will readily
apply these teachings to other :possible variations of the
inventions.

The embodlment of the invention in which an exclusive

property or privilege is clalmed are defined as follows.

c17
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1. A conductor in an electronic-structure comprising:
a .conductor body formed .of an alloy comprises between
about -0.001 atomic % and about 2 atomic % of an elément selected
from the group consisting of Ti, Zr, In, Sn and Hf, and
| " a liner abutting said oonductor body formed of an alloy

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

2. A conductor in. an electronic structure accordlng to
clalm 1, whereln sa1d conductor body further comprlses Cu, or Al.

3. A conductor in an electronic structure acoording_to
. claim 1, wherein said conductor body comprises of Al and5Ti, and
- said liner comprlses between about 10 atomlc % and about 90

i atomlc % Ta.

. 4. A conductor in an eiectronic'structure according to
',clalm 1, wherein said conductor body coﬁprises Al- and Ti, said' -
lrner—eomprlses between about 10 atomlc % and about 90 atomlc 3
1. : _

. 5. ‘A conductor in an electronic structure according to
1claim i, wherein said- liner comprises a;-bi-layer-'formed' of

‘Tai1xTix Nyand TaraTix, respectively.

18
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6. A conductor in an electronlc structure accordlng to'
"~ claim 1, wherein ‘said conductor is an interconnect in a single

damascene structure.

. 7. A conductor in an electronic sttructure according to
c¢laim 1, wherein said conductor is an interconnect in a dual

damascene structure.

8. A conductor'in'ah.electronic etructﬁ;e'accérding to
.claim_ 1,. whefein-.saidl conductor body 'comprises between _about
10.001 atomic % and about 2 atomic § of Ti, said liner .comprises
' not :less than 10 atomic % Ti. | ' o

. 9. A 11ner for a semlconductor 1nterconnect formed of
: a materlal selected from the group con31st1ng of Tl, Hf, In, Sn,
‘Z2r and’ alloys thereof, T1Cu3, Tabelx, TanHfg, . Ta;xIng
_'Tarxén«iTay«er and mlxtures thereof. . -

10, A.llner for a semlconductor interxconnect accordlng:
to. clalm 9, whereln sald material is TaixTis. .

_ 11. A llner for a semiconductor 1nterconnect accord1ng.
to clalm 10, whereln X 10 ~ 60 atomlc % when said ‘liner abuts a

semlconductor 1nterconnect formed of Cu or Cu alloy.

19
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12. A liner for a semiconductor interconnect according
to claim 10, wherein X = 10 ~ 90° atomic % when said llner abuts a

'semlconductor interconnect formed of Al or Al alloy.

13. A.llner for a semlconductor interconnect accordlng
. to clalm 10, wherein sald liner comprlses a bi-layer structure of'

Ta;-xTizNy and Ta-xTix.

14.'_ A method for formlng an electronlc structure
_ compr:u.slng the steps of'- S
formlng an openlng in a pre;-proc'e'ssed'_"electr.onlc
substrate; | A o |
dep031t1ng 1nto said openlng a liner of. a material
selected from the group con31st1ng of Ti, HE,- In, -.8n, Zr and
‘alloys t_hereof, .TrCua, Ta:xTix, Ta;lefx,_ Tal_xIn,;., Tai-xSni,,.: Tal.ng,;_
and mixtures thereof. ' ' ' o

_ -.15. A ‘method for forming an electronic structure:
accordlng to clalm 14 further comprising ‘the step of fllllng sald-
: openlng with a Cu alloy or an Al alloy. '

.16. A" method for formlng an electronlc structure
.accordlng to claim 14 further comprlslng the step of depOSltlng a
' llner of a bi-layer structure of* Ta;xTiNy, and Tal_lex.

.20
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17. A method for forming an electronic structure

-according to claim 14, whérein said method is integrated into a

single damascene'prOCess.

18. A method for forming an electronic structure
according to claim 14, wherein said method is integrated into e

dual damascene process.

19. ‘A method for forming an electronic structure

__according to'claim 14 further-comprising the step of filling'said

opening with said alloy by a method selected from the group
con31st1ng_ of PVD, CVD, - electrodep031tion and electroless

TN

deposition.

i20. A. method for. forming an electronlc structure"'

’ accordlng to claim 14 ‘further comprlslng the step ‘of dep051t1ng.

said liner in TaL«Tlx and anneallng sa1d liner at a temperature

| not higher than 450°C when said x is larger than about 20 atomic
N . o o .
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