26 OCT 2005 I | NTERCONNECTS W TH TI - CONTAI NI NG LI NERS Fi el d of | nveption
The present invention generally relates to an electrical conductor ?:5 8V 2005
el ectronic structure and nore particularly, relates to an el ectrical
conductor that contains up to 2 atomc %gf an inpurity elenment surrounded
by a Iiner that contains Ti. Background of I|Invention The technol ogy of

meki ng metal conductors ri@gReeMNEETsf RETY I BB. cONTRENARE DINERST €cesses in
sem conductor chip structures, fiat panet drsprays and package

applications has been devel oped in the past decade. For instance, in

devel opi ng i nterconnection technolﬁ@ic{ Q{f el ¥nikdge- scal e- integrated

(VLSI) structures, alum num has been utilized as the primary netal source
for contracts and iTHeer copaeehns i nnveeniioondugémerakhy onsedrataeyi ces  an

| ocated on a single substrate, Al um num has been the material of 8hoi ce

because of iteF o Tost SOGEBETBRNI ! cBht P H gh SEEMGTEE S #9 more
However, pur %ﬂ%“fﬂ&!@aﬁl@ s-fidmcandugd or gnhayecupdeshn abledndiceRe t igstc
such as a low nelting point which limts its use to |ow tenperature
processi ng amPpossihl W di$fAshbamiat  of hansiimpeda tyusheearin e I FRPAHF @ h

| eads to contgct %e% unct o&r{r%jilntg &5 and poor electronigration
resi st ance. nsequently, a nunber of alum num all oys have been

Background of Invention

The technology of making metal conductors to provide
for wvias, lines and other recesses in semiconductor chip
structures, flat panel displays and package applications has
been developed in the past decade. For instance, in
developing interconnection technology for very-large-scale-
integrated (VLSI) structures, aluminum has been utilized as
the primary metal source for contracts and interconnects in
semiconductor regions or devices located on a single
substrate. Aluminum has been the material of choice because
of its low cost, good ohmic contact and high conductivity.
However, pure alumium this-film conductors have undesirable
properties such as a low melting point which limits its use
to low temperature processing and possible diffusion into
the silicon during annealing which leads to contact and
junction failure, and poor electromigration resistance.
Consequently, a number of aluminum alloys have been

developed which provided advantages over pure aluminum.
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devel oped whi ch provi ded advant ages over pure al um num (R \LI 5k
404419. doc: edg 26 OCT 2005 Recently devel oped USLI technol ogy has éﬁ &d005
nmore stringent demands on the requirenents due to the extrenely high
circuit densities and faster operating speeds required of such devices.
This |l eads to higher current densities in increasingly smaller conductor
lines. As a resul RECERher AHRARRhcdSHlri RECRPSLABY redS WRIH TR RIS

ei ther LapgereRf088maRaki OR WHLS Qi raldHiNumAl L9yt 6eNEUELRHR 19" High
different wring material that has “a higher conductance. The obvi ous

choi ce threhéti fgnstityess ansl GegepbporrEaLangersnifdsh Feiinrd plr Sudpper
for Itsdg§§%5§p|eTthgﬁegagd%gt%{I %rIdﬁﬂﬁ%ﬁﬁWﬁéﬂ@fﬂT&éﬁiﬁﬂfHCﬂ$as'n 1

i nterconnection structures such as vias and 1ines, copper can be depost t ed
i nto sushalieressedutborniénesnneds senmesaidycthdyhesgicomsivarnt ated ceEisring

| ocated, on the sane .substrat.e. However opper iis known to have probl ens
o anAe et s d et Yo Ty Tty SPPEEE hEnsRonEat el vE R ST
super pogi tin@nugf adNogl estdict b€l dr ont@i f Bnetame tieriral matidfiusi ahdtn teas
netallic sglid causes a net drift of atons in the ,direction of el ectron

f1ow. Aﬁyb&gpﬁﬁsﬁﬁﬁd8pt@866er B YS (FROXFE i LBNCRELIPAYEE T¥ar ScdiRe
d?Vlce 8@Véybﬁ-th@ qg@ﬂéﬁ”khichlincludes pure copper for its desirable

high conductivity.

In the formation of ULSI interconnection structures
such as vias and 1lines, copper can be deposited into such
recesses to interconnect semiconductor regions or devices located
on the same substrate. However, copper is known to have problems
in semiconductor devices. The electromigration phenomenon occuts
when the superposition of an electric field onto random thermal
diffusion in a metallic solid causes a net drift of atoms in the
direction of electron flow. Any diffusion of copper atoms into
the silicon substrate can cause device failure. In addition,
pure copper does not adhere well to oxygen-containing dielectric
material such as silicon dioxide and polyimide. To fully
utilize copper in interconnection technology, the adhesion
properties of copper must also be improved.

The back-end-of-line (BEQL) copper metallurgy further
requires liners that are multi-functional, which includes the
adhesion to dielectric, the diffusion barrier to the copper, the
lowést resistance for contacts and line redundancy, and the
reliability of copper. One of  the presently used liner
technology in the industry is a layered TaN/Ta system for a
copper conductor.



pure copper does not adhere well to oxygen-containing dielectric material
such as silicon dioxide and polyimde. To fully utilize copper in 26 OCT 2005
interconnection. technol ogy, the adhesion gproperties of copper nust also
be i nmproved. The back-end-of-line (BEOL) copper netallurgy further

requires liners that are nulti-functional, which includes the adhesion to
dielectric, the diffusion barrier to the copper, the |owest resistance for

contacts and |line redundancy, and the eliahility of copper. One of _the
present |y used§ it 13EPhnbf ob5THFShet PnRis %l% %qua‘}‘;(g?‘éﬁrsrhﬂpﬂfssﬁ em

for a CcoppereSoniciO . rdssBakdd 2005 dpihe Mad ayelsd s reqei rediboer
adhesi on and conversion of Ta to the |low resistance allotropic al pha
phase. The T@yewigtes provdidesisiall f PAST AT bamedendansyundad c 2 HIRE the&icon
to copper. T A need exists to provide a liner for an electrical
conductor in Al ectronic structure that does not have the drawbacks or
shortcom ngs of comiery, omal reeder exdateri abs. pAnvifler aeedliegrrst §oto an
provide a liner for, electr conductors,in_an electronic_str t hat

i | t
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provide a |ingt fidfve the drawbacks or shortcomings of conventional liner
materials.

Another need exists to provide a liner for electrical
conductors in an electronic structure that provides improved
electromigration resistance.

A further need exists to provide a liner for
electrical conductors in an electronic structure that
contains Ti.

A yet further need exists to provide a liner for Cu
conductors that has improved reliability and
electromigration resistance.

Another need exists to provide a liner for a Cu
conductor in a gemiconductor structure that is compatible
with a single damascene or dual damascene process.

A further need exists to provide an electrical
conductor in an electronic structure that includes a
conductor body formed of an alloy containing up to 2 atomic

% of an element gelected from Ti, Zr, In, Sn and Hf.
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el ectrical conductors in an electronic structure that contains Ti,,A yet
further need exists to provide a liner for Cu conductors that ha§26ﬁ$¥6mﬁd
reliability and electromgration resistan&e. Anot her need exists to
provide a liner for a Cu conductor in a sem conductor structure that is
conpatible wth a single damascene or dual damascene process. A further
need exists to provide an electrical conductor in an electronic structure

that includes a conductor body fornmed of an alloy containing up to 2
atomc % of an el dherft détrddisay Teesinerister to) progidgng [ CPRAYGEST in

W 48158. doc: M, Coéfis EHadO03 dsAryYetutdirt e Needaexhphier tAgP1QVede RrFHea

conductor in a sem conductor structure that has an abutting |liner forned
of a material oEoatadpenpragonwaifiinaNga.aMd i, SNhwaepd Va accordance with
the present invention, a conductor in an electronic structure that includes
a conductor body and a liner is disclosed. According to a first aspect of
the present disclosure, there is provigesmargonductor in an electronic
structure. comrisipg: a copductof booy ToLTES of g1 all gy Comiisee ..,
bet ween p '

in an electronic structure that includes a conductor body

and a liner is disclosed.

According to a first aspect of the present disclosure,
there is provided 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 element
gelected from the group consisting of Ti, Zr, In, Sn and Hf,
and

a liner abutting said conductor body formed of an
alloy comprises between about 10 atomic % and 50 atomic % of
at least one element selected from the group consisting of
Ta, W, Ti, Nb, N and V.

In the conductor formed in an electronic structure,
the conductor body may further include Cu or Al. The
conductor body may further include Cu and Ti, the liner may
further include between about 10 atomic % and about 60
atomic % Ta. The conductor body may further include Al and
Ti, or the liner may include between about 10 atomic % and
about 90 atomic % of Ti. The liner may further include a
bi-layer formed of Ta;yN, and Ta;.x, respectively. The
conductor may further be an interconnect in a single
damascene structure, or in a dual damascene structure. The
conductor body may further include between about 0.001

atomic % and about 2 atomic % Ti, the liner may further

include not less than 20 atomic % Ti.

[RALIBW]48158.doc:MIC



about 0.001 atomic % and about 2 atomic % of an elenent selected fromthe
group consisting of Ti, Zr, In, Sn and Hf, and a liner abutting saig@g CT 2005
conduct or body fornmed of an alloy conprisges between about 10 atom c O/gan(q
50 atomc %of at |east one el enent sel ei?ed fromthe group consisting of
Ta, W Ti, Nb, Nand V. In the conductor fornmed in an electronic structure,

the conductor body gmsbddirigher ténclaudesébond Alasptee cofduather bpdgseny
further include Cu and Ti, the |liner may further include between gbout 10
at omi ¢ % and dimskosore at BaeEe %6l Fa Pravd deshducl drebodPrmey FEMEREPAPREPEde

Aland T, ordhie Lider MRY-hOe! ule befuean: 2Pk, d0c gk ottt and gabay

90 atonic % of" I ner  may er 1nclude a bi-layer forned
Tal _XNY and Tednsdstriespecifi vEiy. Hihe Ioondsmt orZzmmapnfurahéeype @ah TiCus,

i nterconnect jn si ngl scene _structure, or ihn_a dyal sc :
structure. Th%al‘g%]nﬂuctﬁa}l"g%g; rrgg"‘flﬂlf‘t hef °t A&ltrde aé’t'f?\g%’h a %%ﬁ? Osgging
atom ¢ % and wdopder? 880BtemYe T, drde 30 NngtomBy $ubthene igldmeter nof [Cass

than 20 atomic % Ti. %}R;\LIB W] 48158. doc: M C 26 OCT2005 5 According to a
second aspectHbf Ihe 7 et ik izyres thereofs provided a liner for a

sem conductor intepcoppact; farmed of 2 grkgbbakusebectat drAndda gr eue

material for forming the interconnect may be Ta;., Tix. When
the liner abuts a semiconductor interconnect is formed of Cu
or Cu alloy, x = 10 ~ 60 atomic %. When the liner abuts a
gemiconductor interconnect is formed of Al or Al alloy, X =
10 ~ 90 atomic %. The liner may further include a bi-layer
structure of Ta;.x TiNy and Tai-xTix.

According to a third aspect of the present disclosure,
there is provided a method for forming an electronic
structure comprising the steps of:

forming an opening in a pre-processed electronic
substrate;

depositing into said opening a liner of a material
selected from the group consisting of Ti, Hf, In, Sn, Zr and
alloys of TiCu;, Ta;-xTix, Tai-xHfx, Tai-xIny Ta;-xSnyx, Tai-xZrx
each having between 18 atomic % and 50 atomic % of one
élement of Ti, Hf, In, Sn or Zr and mixtures thereof.

The method may further include the step of filling the
opening with a Cu alloy or an Al alloy. The method may
further include the step of depositing a liner of a bi-layer

structure of
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consisting of Ti, H, In, Sn, Zr and alloys of TiCu3, Tal-xTix, Tal-xHfXx,
T1-xknx, Tal-xSnx, Tal-xZrx each having between 18 atom c % and 5Q ?@EWZ@S
‘% of' one elenent of Ti, Hf, In, Sn or Zr and m xtures thereof. In't

liner for a sem conductor interconnect, the material for formng the
interconnect may be Tai.-x Tix. When the liner abuts a sem conductor

i nt er cdbmedtixiN padnBd:eficu e @etdiadypan be fateggrtatoindé P WY the

l'i ner ct [ rco t 4l d «Or a , =
10 o St S PhIGR R PE A BEE SPRDSE dafanCblE pehelas” ettt
Tal - x ThagNYfunchdial indlude Adooratiem dfo & tlhing tdepegendiha e thr egedtl 1oy

di sclosure, there is provided a nethod for form ng an el ectronic

structure conprising the steps of: formng an opening in a pre-processed

el ectronic substrate; depositing into said opening a |liner of a materi al
selected fromthe group consisting of Ti, H, In, Sn, Zr and alloys of

Ti Cu3, Tal-xTix, Tal-xHfx, Tal-xlnx Tal-xSnx, Tal-xZrx each having between
18 atomc % and 50 atomc % of one elenent of Ti, Hf, In; Sn or Zr and

m xtures thereof. The nethod nmay further include the step of filling the
opening with a Cu alloy or an Al alloy. The nmethod may further include the
step of depositing a liner of a bi-layer structure of [RV.IB

W 48158. doc: M C



26° OCT 2005 Ta,-xTi, Ny and Tai-xTi.,. The nethod can be integrated into a
.single damascene process, or into a dual damascene process. The mtbh@gr 2005
may further include the step of filling the opening with an alloy 6 | 26
‘OCT 2005 by a method selected fromthe group consisting of PVD, CVD, elect
rodeposi tion and el ectrol ess deposition. The nmethod may further include
the stepyofa dewsdiod ngeiereted néromn the - gFoUPaneOn Shleand n@tt hBVDr né}VQalt a
t enpera 5 g8t han ou %
Bri ef schQ§|oEbg$%Eﬁe éﬁjgééé @g%g%n goﬁég%objectgqg? ﬁ ures anc}’p

advant age&tbbrt hien c ljprdes erite | sivamt o6 n deiplols ilhe agnes hegp phi eat ﬁnomatlh&x and
follown

1A i a30PaRN FE) GEPr ALFRG Phosr LOTBCAREGL T Gipel SEOrE PRFA f DRSS Th -

changes ign13irgeentgah hPotihe20 pieseint ¢ nvention Tai-xTi. liner. Figure 1B
is a graph illustrating the resistance- tenperature relationship with
changes in Ti content in a Tal-xTi, |iner wthout copper on top. . Figure
2 is agraph illustrating a concentration profile of Ti through the

thickness of a Cu layer after anneallng
Cu. Figure 3A is a grapBrief Rescrip

shomnno the solublllty of Ti in

These 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 1A 1is a graph illustrating the resistance-
temperature relationship with changes in Ti content in the

present invention TaixTix liner.

_ Figure 1B is a graph illustrating the resistance-
température relationship with changes in Ti content in a TaixTix

liner without copper on top.

Figure 2 1is a graph 1illustrating a concentration
profile of Ti through the thickness of a Cu layer after annealing

showing the solubility of Ti in Cu.

Figure 3A is a graph illustrating data on changes in
electromigration 1lifetime of Cu in a Cu conductor with a Tai;xTix
liner on one surface while three other surfaces of the Cu

conductor are uncovered.



electromigration lifetime of Cu in a Cu conductor with a Tal-xTi, liner on
- one surface while three other surfaces of the Cu conductor are un@dvetems
' 26 OCT 2005 Figure 3B is a graph of data obtained in a sinmilar manner to

t hose shown in Figure 3A wherein Tal-xTix alloy liner is substituted for
Ta. Figure 4 is an enlarged perspective viewof a_ nulti-|evel

Cu, .
interconnect_stnﬁﬂQHEQi'Eoﬁﬁ%rétﬂﬁfﬁqmp%r@§éﬁ:Ob?ﬂ&ﬂﬁ@oﬁnlﬁ%e?lmllar
struct ype,n &t 9ug e phsd Ssﬁ&mﬁnlﬁ”ﬁf‘?u% 038 -wCtd Opata,virew i 18ydidher is

damascene structure incorporating the present invention |iner. Figure 5B
i s-an esulasgedutedsteisdtai onal view of a dual damascene structure

i ncorporating the present invention liner in a bi-layer configuration.
Det ai | ed Description of the Preferred Enbodi nent The present invention
di scl oses a condugigird oreredisn aan elrdeingeni ¢ trspetariereandvizew | nef f ar

such conductor in the .electronic, structure. The present. i nventiQn
conduct%‘r‘fifb*riu‘%ﬂe} nEHn THtEHOPEREET 'SS[W&%WE cja{hccgré)opﬁ'%\ﬁr}?ed%i gﬁeisﬁgltudes
a conducheenbosly thedriscrieorues, of an alloy that includes between about
0.001 atomc % and about 2 atomc % of an elenent selected fromthe group

consisting of Ti, Zr, In, Sn and H, and a liner that abuts the conductor

body that is fornegyefe agh &l & Oyn WH G JiC Itdrs-Eactondil, vilbwasd Y. dual

damascene structure incorporating the present invention liner.

Figure 5B is an enlarged cross-sectional view of a dual
damascene structure incorporating the present invention liner in

a bi-layer configuration.

Detailed Description of the Preferred Embodiment
The present invention discloses a conductor formed in
an electronic structure and a liner for such conductor in the

electronic structure.

The present invention conductor formed in an electronic
structure can be provided which includes a conductor body that is
formed of an alloy that includes between about 0.001 atomic % and
about 2 atomic % of an élement selected from the group consiéting
of Ti, Zr, In, Sn and Hf, and a liner that abuts the conductor
body that is formed of an alloy which includes Ta, W, Ti, Nb and
V.



8 26 OCT 2005 9 Aliner for a sem conductor interconnect is forned 012 5aUCT 2003
material selected fromthe group consisting of Ti, H, In, Sn, Zr and

al | oys thereof, TiCu3, Tal XTi,,, TaI-,tHf9, Tal-,In,, Tal-, Sn,, Tal-,

Zr,. A method for form ng an electronic structure can be carried out by

the operating steps of first formng an opening in a pre-processed

el ectroni c substratze,]iman fodeposiehiagndateothenopesbngeat! iBefotfed of a

material selected fromthe group consisting of Ti, Hf, In, Sn, Zr, and
filling the BHePTIR: oRclepted £RE™ (Cher JHAW FPF 1By 2hafli idiudes: 11,
bet ween aboutc0.0 m_g 1%.and jgahids 2 gtQu ¢ ofrsan erent ect.ed
fromthe gr ouSprQ'co%%i g%l?ngqolféy% dc Zr, I:ftf', ?lncqmén&%) S i%ld@évzlféeldx%rﬁxdt
within a desiTabkeSmanfe.af Zthe Ti content, i.e., about 18-40 atomic %

t he requirenents of adpgsi og bet ween. t he _di el ecttri ¢ di ffgsi on_ bar rciaer %nd
the Cu and the | o r 8§F8P3AndE@™f ot O LBHIACE iF1E T e RiHGandy TH st . ©¥ i Rims
found to stabtizeided the abphatiphasperstiing Tateps nof neddwstd n fir@ing an
resi stance beta phase at tenperatures lower than 750C. Ti al so Provi dg%n

adhesi on to tPREYHRY ecii c2and®reORFHESHES n€ USO8 Dr opePEFE’CE0 65

and does not 3ipssLEsRy s eehat 3peaitl el Qeti e by @iténsiDnsellbctrs

al so found that the resistance increases by annealing when
from the group consisting of Ti, Hf, In, Sn, Z2r, and filling
the opening on top of the liner with an alloy that includes
between about 0.001 atomic % and about 2 atomic % of an
element selected from the group consisting of Ti, Zr, Hf, In
and Sn.

It is discovered that within a desirable range of the

Ti content, i.e., about 18~40 atomic %, the requirements of
adhesion between the dielectric diffusion barrier and the Cu
and the low resistance for contact line redundancy are met.
Ti was found to stablize in the alpha phase, while Ta 1is
normally in high resistance beta phase at temperatures lower
than 750°C. Ti also provides adhesion to the dielectric and
Cu, maintains barrier properties to 650°C, and does not
increase the resgigtance of the Cu line by diffusion. It was
also found that the resistance increases by annealing when
the Ti content exceeds 50 atomic %. These desirable
properties are gained in addition to the expected increase in
electromigration lifetime. The present invention Ti-

containing liner therefore fulfils multi-functions for use in

BEOL Cu metallurgy.
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the Ti content exceeds 50 atomc % These desirable properties are '%E?
in addition to the expected increase in electromgration |lifetine. %ﬂi 2005
present invention Ti- containing |iner the{ﬁfore fulfils nmulti-functions

for use in BECL Cu netallurgy. [ R \LI B B ] 04479. doc: edg 26 OCT 2005

10 The nethod proposes the use of a liner as a single |layer liner, thus

saving process stepgd N¥etMbAY drivposdaposid i aBeofosegondi urt Risr da | @jekle
The nmethod further reduces the total |iner thickness which would have
i npacted thelaysey st Ahgeror EBRBabSRVE{Jdas Pegeste fiaPHectBEgLEINThethe

process |s cogah Sl Ao L} NOLABLA PIACeSR;LATPELALIN e lAAPO0F BTG lR

deposition ne suc no addi ti on processi ng steps need to be
i ncor por at ed reducédhet BECtotbabiiaatri ahimknesd. witidls yawldehadesdopercestd

that electroplated Cu tends to be, of high purjity as a result of the nqrm
cheni cal proc%%%.re%?sﬁﬁﬁﬁﬁr%rtBeﬁﬁg?hglﬁ%ti# %ﬁg%%ﬁ?cﬁlF8rd8FFFﬁ§Fﬁg ﬁﬁf%
Cu either frombetowigr ésoumahare RYcwahdina spgpacabe |eufemituiss payt
of an existing liner, The transition nmetal of Ti enhances el ectromni gration

resi stance pri®ar4?y byansd ubyi AEPapitipR BehPAdpoSHEdY et ABCa adddtrienal

arge grain Grdbddsfhg ! IANY | OBCEPL ) | e L W ialdhRaundaliRs Slns sdem

grai n boundary diffusion. Irnpurities wthin the Cu grains do not
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 metal 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 electromigration resistance primarily by plugging up
the grain boundaries. As a result, large grain Cu with a
transition metal in the grain boundaries slows down grain
boundary diffusion. Impurities within the Cu grains do not
appear to affect electromigration resistance unless the
impurities diffuse to the grain boundary.
A liner material for circuit metallization functions as

a diffusion 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 enhancing
reliability, and as a tinner, lower resgistance 1liner
alternative. These attributes which can be utilized for both
copper-based and aluminum-based metal interconnects. The

resistance of the metal is not degraded.
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appear to affect electromgration resistance unless the inpurities diffuse
to the grain boundary. Aliner material for circuit netallization 20 ACT @605
‘as a diffusion barrier to the netal, as an adhesion |ayer to the netal
and to the dielectric, as a supplier of doB]ant to the netal for diffusing
to the interface for enhancing reliability, and as a tinner, |ower

resistance liner afterpative. s1hese 1ahkri byt SéekﬁhEBhr%?fl‘aQ% ohnklez@d ofer
both copper-based and al'um num baSed netal interconnects. The resistance

of the netal Linave deghadedlayiTa idn BE, e4473ides: TédgaNe LOETA2005n1 LHEhe

Tal _,,Ti,, al &gy Liner_is.used . tq repl.ace %Evi%nt.ilgn i ners su

I | h .a
TaN Ta for Cu, aﬁSS‘I:'i’ gra 'f'is/ 'Fé)ﬁ 51 l.VeI i e® i Sccglsueb,lel'alllnscno n?e%@tulsve

and is insol ubbesi noCupaddilibubend0ess NObrped¥tdeohegedtionf ifetime, and
el ectrom gration lifetime, and _ thus TaN i s needed for adhesion to the
dielectric |ayBrs FaN As vreded foiciadhesding Hon1Es s3iotaetr Whi tAYPEdudds

the. Al areapandqfoyghens &Nge Ml 868, AS HRGddd& H Nrégucs8dppgdal
the thickness of the Tiner or reactive l'ayer becones nore restrictive for

resi stance andreel iapd| inquahsity otheThentarfaeel | Aer theduddsie hevidgdict iien,

bt e Lot ol cbieag) Sepd NERBIAY densl it Te LRI Bk LAECHESP

el ect rom gr atmoner esbstanceve sfgreatsystanceased. rébiebveiity control. The
Ti/TiN layer reduces the reaction, but the total 1liner is
thicker and therefore, more resistive. In the case of a Ti
layer for Cu, for example, 10nm Ti/100 nm Cu, the
electromigration resistance is greatly increased. However,
the resistance of Cu becomes unacceptably high. Furthermore,
the diffusion barrier properties of Ti are inadequate such
that a barrier multi-layer with TaN/Ta 1is required, thus
compounding the thickness problem and adding a new process
step.

The 1liner structure of Ta;4xTix provides significant
property improvements. For instance, by controlling the Ti
concentration (x), reaction with the metal and the dielectric
can be adjusted to provide adhesion to the dielectric, to
retain diffusion barrier characteristics, to retain low
regsistance in the Cu lines and to provide sufficient Ti to
increase the electromigration and thermal stress lifetime.
Another added benefit of the Ti addition to Ta is the
fabrication of Ta films in the low resistance state, i.e. in

the alpha phase at low annealing temperatures.
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the resistance of Cu becones unacceptably high. Further nore, the dgiﬁf@tsnggg
~barrier properties of Ti are inadequate such that a barrier nulti-layer
wWith TaNTa is required, thus conpounding the- thickness problem and adding
a new process step. The liner structure of Tal_, Ti, provides significant
property inprovenents. For instance, by controlling the Ti _concentration
(x) , reaction w Refereimst diniddgliie tdi effmmft:j.lkaapbe 1§dj ugterkiro the
rovi de .adhesi I [ Ct.LhGCy s t n, rier .

Ehar act er | S?}i%gg{&et %%%é’%ﬁgkgw%?ggﬁéﬁgﬁgé ‘?%Prt] héélfl%:ﬁa%lgnle% Ahd Bt pPovi Ge
suf fi ci édtlupt naged.ncridasteotthel £l eddibiogr andomnaerd lishieraml 4 3090esSor two

lifetinmg,. not de enefit of the Ti_addition tQ Ta is the :

f:ab(rai Icgﬁogﬁédf {I]Jgéfiaf%rrsg? i3 e Gow' Pedl %t aht@uSt At e, 1199‘%?"‘?5' #RE N, FHb8
phase atatlomzizcarm,eahhmgalm@epabuéfs éb?&b&ﬁ%ﬁl@%ﬁsi%ﬁ@ﬂg RBeCk 2095
Referring initiall Figures 1A an erein the _

r esi staﬁg(g-htegrrp@?%%/uﬁlé r%‘?%]icbnéhi Fhf t FORhdRgeStRRCE shrtent ¢& Ta is

i [T ustr girediucddt hpiting. @dglidiitanand 'ﬁ'f@%‘é@f’s@éné@oé%ptﬁgr CtuV\Qaa}b%rﬁast he
Ta resistance is not reduced. However, when X=18 ‘atomi c % annealing

pr ocess TPEYGEES phe 2paspdinfic&t Wient® i%5thi ghenichdn 18beveniibivh,t henl ow

resi st ang e phsTao) wpduced dyri pg %pbqﬁ_iet onp THR4r eshst ehof
the Cu Ia;?g%ta%‘/gs %gduclgﬁerby, de)mneaﬁfang at up to x:§50 a omgc Wféab%/nlgt it ch,
an i ncidddeakgs thisdereprtbaed iranpiegdfioss THA isndetBefarr taeut 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
annealing indicates that the solubility level of Ti in the Cu
reached equilibrimn values at above x=50 atomic % with a high
segregation to the outer surface. At below x=50 atomic %, the Ti
level is below equilibrium with decreasing surface segregation.
X- ray diffraction analysis indicates that Ti stabilizes the low
temperature phase of Ta, 1i.e. the bcec alpha phase, and
furthermore, at above x=50 atomic %, phase separation of becc Ti
begins to occur. The data is thus consistent with the increased

interaction with Cu as previously observed.

Further shown in Figure 3A is data obtained on changes
in electromigration lifetime of Cu with a Ta;4Ti, liner on one
surface, while the other three surfaces of the Cu 1line remain
uncoated. The data was taken at 375°C and 25 ma/um?> with 1 um
wide PVD Cu (i.e. evaporated Cu) lines. At such temperature, the
lifetime changes by about 5X for x=100 atomic % and decreases to
about 2.5X when the concentration of Ti reduces to about x=50

atomic %. However, because of higher activation energy measured
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indicate that an optimal range for Ti is between about 30 atomic 9Q8ngCT 2008
- about 50 atomc % A SIMs analysis of Ti diffusion into Cuis shown in
Figure 2. The Ti profile through the thickness of a Cu | ayer on annealing
indicates that the solubility level of Ti in the Cu reached equilibrium
val ues at above x=50 atomc %wth a high _ segregation to the outer

sur f acefornt BB oGux38®Eat 6hiec PaTY hal¥py |ldwdr i §5bauwdnstdduitiachr fam viiah

decreasing_surface segregatjon, - ray diffraction,analysis |ndjgates that
Ti st abiTPEELCRARE| & I{%mt?rg?ﬁ%t%ﬁ%sggofw?gé,: (PR PR % gﬁa?phaas“’e,
and fughBRAMDKE Fighrabows wedd dalddrieviraihaselssepafatagm iafudec hilfher.
begins to occur. The data is thus consistent with the increased
interaction with Cu as previously observed. Further shown in Figure 3Ais
dat a obtai ned on changes in electromgration lifetime of Cu wth a
Tal_XTiy liner on one surface, while the other three surfaces of the Cu
line remain uncoated. The data was taken at 375C and 25 nma/,un2 with 1 pm
wide PVD Cu (i.e. evaporated Cu) lines. At such tenperature, the lifetine
changes by about 5X for x=100 atom c % and decreases to about 2.5X when
the concentration of Ti reduces to about x=50 atomic % However, because
of higher activation energy neasured 12 2 6 OCT 2005 for PVD Cu when the
TaTi alloy liner is substituted for Ta, inprovenent at use tenperature of
100*C (1/T = 26.8 x 10-9), as shown in Figure 3B, would be several orders
of magni tude hi gher.
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13 26 OCT 2005 14 The total availability of Ti dopant for the Cu lines in
key to the effectiveness of the present invention liner, such t hat b @68 2M0hg
of all surfaces with the liner is preferre In the particul ar enbodi ment
of fabrication nethods, this may not be f 4 asi bl e. However, unli ned
surfaces can be coated by the diffusion of available Ti fromthe liner

through the Cu tofhe t%l?'ln%@asili'éiﬁci@%y as ’Pie&blf%@H’f@POt’\Hel@quHéQ 2n
It is therefore suggested that coating three surfaces indicated in

ohe e”bOd'F”e”teYa‘g@rtmﬁﬁﬁdeq@ﬁ@@U@és thegheesent { 6o FVEhESs  EREA r E8@H s
shown i n Figures 3A ¢ t
various enbo%l??r%n?%%:’fr%g i ra?n‘g)df3 %:?’%lut?gstq{f ]E%‘é? P%‘épk%éi«ﬁ@&s i

illustrate tytp}i1@aba$t&u0wfes:nﬂoaablnneatecbﬁ nf atvei calud dn neettibdsectthics may

nmetal lization system Figure 4 illustrates an_over di
l evel Cu int e‘f‘%%nﬁ@ctffeéﬁlg%? ucHBrEVes: i Hflil%?ic\éu? @CFfsln%r%‘r a$ OI ‘ﬁ?%t{fr%t b&

The netalizatipn GoRpESISHtOrt Boadeyhee 42 kobREdnel N isidhsturatcudd Eheoagh
the contact via 16 and the contact 18. Via 16 is usually forne

t ungst en, hoWenvethel untamed a$'sof deed orae PBFVIQNDYY Thai at o'f/lgtm% firdtt

2] el 20, Lol gpansoh L b | gL sl et CLEBRGER, o

damascene strimdicetéed Hinowne i embogimentd 1mtam|@ehscarib@dmchpooduces higher
effectiveness than results shown in Figures 3A and 3B.

The implementation of the method in liners in various
embodiments are illustrated in Figures 4, SA and 5B, which
illustrate typical structures fabricated in the
Cu/liner/dielectric metallization system.

Figure 4 illustrates an overall diagram of a multi-
level Cu interconnection structure 10 into which the liner is
integrated. The metalization connects to the device 12 formed
in substrate 14 through the contact via 16 and the contact
18. Via 16 is usually formed of tungsten, however, it can
also be formed of Cu or of Cu alloy. The first level metal 20
is processed into the interlayer dielectric (ILD) 22 usually
by a chemical mechanical polishing (CMP) method. A single
damascene structure is shown in Figure 4 in which a trench or
via 16 is etched into the ILD layer 22, a liner layer 24 is
deposited, following by the deposition of a Cu layer which is
thicker than the ILD layer and then, the Cu layer is polished
back by the CMP method until the polish-stop layer 26 1is
reached. An ILD layer is subsequently deposited, a pattern

etched and the previous process repeated for the next level

of Cu, i.e. for wvia 30.
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via 16 is etched into the ILD |ayer 22, a liner layer 24 is deposited,
-following by the deposition of a Cu layer which is thicker than th 8 BBy 2005
‘| ayer and then, the Cu layer is polished back by the CVP nethod until ?Le'
polish-stop layer 26 is reached. An ILD layer is subsequently deposited, a
pattern etched and the previous process repeated for the next |evel of

Cu, i.e. for via 30. [R\LIB B] 04479.doc: edg 26 OCT 2005 The polish-stop

ayer 26 i's usual by gpiedolcshl neoBy Hid 1ideaghui1gopbanbe bor ad s rany
ot her | ow dielectri¢c constant terial. Layer 22 can be formed of any ILD
di el ect nicrtdeer bak cofildi bheformed gayi anpasEheayr lovwgatiied dedgd.c Teagiragdent
i nvention,_ specificall ncernsg W the 1d ner. layer,. .th t.ari.a
used toNPLPREERe | FASF A7 rors ben TSeTEy Sfrihy gEby giteltit matth A
Ta, _xTi of/ TarheT XN ganticabgset ber oxubsitiict bhee.f oThE pxeckends iZrvegrt idH .

The conposition, x can be suitably sel ected between gbout ,1 d .,abaut, 60
atomi ¢ @@eﬂléﬁﬁﬁ1&3n§§5§ﬁ@“§0ﬁ%?#ﬁc??%niFHEBr 8V§Fiﬁg ﬂﬁ%jng§Z%P€%f¥él

i nventi ggekli Nep | BoBHOWhd N Hirgy €18BerTheugenfigurmet i,on, ) s bisfiplyeablar to
any Cu netalization process that utilizes a liner naterial. As shown in

Fi gure 3BT/ Taauwdlis ofyipdilt & Odher qubséd tkes oD dRd SURE &F depd¥it
fills bﬂ%hhd%PFnQORB%S§§ﬂ8n dgpg§htb§n3u§§ab A d ViR B3l HRERRARNGLO

process. The ner cons[sté of two layers, and 42. The first |iner
|-ayer 4@ndabbpuitngOt B§OMLD ks a | ayer of Tai-xTi, Ny. On top of the first

A dual damascene construction incorporating the present
invention liner is shown in Figure ©G5B. The configuration is
applicable to any Cu metalization process that utilizes a liner
material. As shown in Figure 5B, two levels of patterns are
etched into ILD and the Cu deposit fills both during the same
deposition, as in a typical dual damascene process. The liner
consists of two layers, 40 and 42. The first 1liner layer 40
abutting the ILD is a layer of Ta;xTix Ny. On top of the first
liner layer 40, is deposited liner layer 42 of a Ta;xTix
material, and then followed by the deposition of Cu 44 and 46.
The Cu deposition can be carried out by a physical vapor
deposition (PVD) or a chemical vapor deposition (CVD) method, by
electroplating, 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 embodiment, as shown in Figure 5A, a single
Ta;xTix layer 42 1is incorpOrated as the liner layer. The
embodiment is preferred as feature size is decreased to the level
where liner thickness becomes limiting for resistance control,

for Cu deposition and reliability.
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liner layer 40, is deposited liner layer 42 of a Tat-xTi X naterial,?g T 200
then foll owed by the deposition of Cu 44 and 46. The Cu deposition can
carried out by a physical vapor deposition (PVD) or a chem cal vapor
deposition (CVD) nethod, by electroplatiny or by layering of PVD (or CVD)
/electroplated Cu in which the PVD or CVD | ayers are used as seed | ayers

for the plated Cu.,ln g, secand eahodLienl o8enSnaua. n i ol o hanoBosiagl @
e F e

Tat - xTi X | ayer 42 iy |ncorporat | i'ner | ayer ‘THe  embod ne
preferred as feahurtesilaedrs 4ectraseght aheheu ecyzel oeré.IO@lgI i e unnekyié:ss
beconmes limting for resi stance contr ol for_ Cu deposition and

reliability. 1BE9BfeeT JO05tD6 | ARFPRCEho BHIGEHeRts Shovt: aldveeTi Fhe

transported fromibe: | tAgEugR Ehéo@ghﬂéﬁ%énﬁfgﬁé”aﬁﬁﬁgmhf£§n|bB@ﬁ&gyles
interface to the uncoated surface of Cu 44 or 46. The transEort t hr ough

the Cu takes pbawveldl ;g @?mwmoﬁh@agréénsa§ﬂ@elqh% t He ollg YFﬁésgﬁéﬂwe
and thus, In 8Q1YGLYSLAldINE Gy E19ELEORLOTAL qmd5é{afsteaé{5rfﬁgssur ELEased Py

decrea5|ng gra|n oundar y ranspor as by ace
transport. |tgsaonl dcmdaate tIﬂ'Hatsp'mIt oaby welld & ebyr cteqgremd o | shiefare

is increased, the rate at which rmal voids are formed is al so.reduced
as the transpbFEPSPRFE: is Feduldpy WG MheV O £8: 8¢ ARl ok 2Ry P IUERE

electromigration lifetime 1is increased, the rate at which
thermal 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 shown in Figures 5A and 5B produced
longer lifetime and lower resistance with the Ta;.4Tix liners.
In such cases, the control of the magnitude of concentration
(X) restricts the amount of reaction that forms TiAl;, and
thereby producing a thinner, more planar inter-metallic
layer. This results 1in decreased current density and
resistance of the Al lines, as well as closer tolerances and
geometry and lifetime distribution.

The conductor and the liner for lining the conductor
have therefore been amply described in the above description
and in the appended drawings of Figures 1~5B.

While the present invention has been described in an
illustrative manner, it should be understood that the
terminology used is intended to be in a nature of words of

description rather than of limitation.
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Wen the netal |ayers 44, '46 are formed of Al or Al alloys, the 26 OCT 2005
enbodi nents shown in Figures 5A and 5B produced |onger lifetine and | ower
resistance with the Tal ,,Ti,, liners. 1In such cases, the control of the
magni tude of concentration (x) restricts the anount of reaction that forns
Ti Al, and thereby producing a thinner, nore planar inter-netallic |ayer.
This results in dacrgssetedn r et dendity ar@sandsi $nyre&ien t h@sAl PERRes,

as well,as closer.taole C r_gfﬁrggr | j-fetl di I ion. :The
conduct% S%rnjcp? elrﬁiénee%@o(?flalaﬁ%neg e conélﬁcr%tqlorallt%tétl\?g%lgh'grﬁ&e)?g?g%ggénl-grrpl y
descri bed t6 bhe aphoee idesdr ighatorthared $kni kel appetnkedadt awi hys refdiilyur es

1-5B. While the present invention has ,been descri.bed_in.an. i llustrative
manner ,28R1%hotheEDe LR Ki1%od that Ot tpeqsrﬁlr?&eogyaﬁégglplgsi n?tgndtetlg\ét o)

be in amadif £o0E, words of description rather than of limtation.
26 OCT2005 Furthernore, while the present invention has been

The embodiment of the invention in which an exclusive

property or privilege is claimed are defined as follows.
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described in terns of a preferred and an alternate enbodinent, it i & 61 QL To05
appreci ated that those skilled in the art will readily apply these
teachings to other possible variations of44he inventions. The embodi nent’

of the invention in which an exclusive property or privilege is clained

are defined as follows. 17 2 6 OCT 2005 W claim 1. A conductor in an

el ectroni c stfdicdidig.conprising: a conductor body forned of an alloy

conpri ses between about 0.001 atomic % and about 2 atomic % of an el enent
selected fromthe group consisting of Ti, Zr, In, Sn and Hf and a liner

abut ting sai d_condyctor, ody,f ormad g eaBrodl L Y ARTAN S epalagn about 10

atom ¢ % and 50 atomC | east one el enent selected fromthe group
consi sting of Ta, aWcdHduddmr NMaahd forned Afcarduetlory | eoepr e$eet Pokveen

structure accqrding_t claim,1, wherein,said c£o . Qr gho furt

conpri ses Cu VAl 9‘§QlAa$8ﬂﬂﬁcf%raP§ éﬁxﬁﬁédfr§g§§5§tﬁgcgﬁréﬂgcggéﬂ?ﬁﬁ to
claiml, whergingad Govduticogiegy congpstiag & and Zr, IapdSsaadd| HAer
conpri ses between about 10 atom ¢ % and about 90 atomic % Ta. 4. A
conductor in&electronic structure according to

a liner abutting said conductor body formed of an
alloy comprises between about 10 atomic % and 50 atomic % of
at least one element selected from the group consisting of

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

2. A conductor in an electronic 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 comprises Al and Ti,
and said liner comprises between about 10 atomic % and about

90 atomic % Ta.

4. A conductor in an electronic structure according to
claim 1, wherein said conductor body comprisges Al and Ti,
said liner comprises between about 10 atomic % and about 90

atomic % Ti.

5. A conductor in an electronic structure according to
claim 1, wherein said conductor body comprises between about
0.001 atomic % and about 2 atomic % of Ti, said liner

comprises not less than 10 atomic % Ti.
6. A liner for a semiconductor interconnect formed of a

material selected from the group consisting of Ti, Hf, In,

Sn, Zr and alloys of TiCus, Ta;-xTix, Tai-xHEx, Ti-xInk, Ta1.xSNy,
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claim1, wherein said conductor body conprises Al and Ti, sal d i nez'

conpri ses between about 10 atom c % and about 90 atomic % Ti. 6 0CT 2005
conductor in an electronic structure accoqgl ng to claiml, vvherel n said
conduct or body conprises between about 01 atom c and about 2 atomc %
of Ti, said liner conprises not |less than 10 atomic % Ti. 6. Aliner for a

sem conduct orpd NjBk CRREC thadwire béfween NBS eatahisekeandd For cmdrinec g# oot
consi sting of Ti, In, Sn, Zr and alloys of TiCU3, Tal-xTi Tal - xHf x,
Tl -xI nx, Tal _orSnye 1 9RmEL BV 49158 fdodiv En208 BETangoBixgeres) t?&%ﬁogach
havi ng between 18 atomc % and 50 atomc % of one elenment of Ti, Hf,.In,
Sn or Zr and mxtures thereof. 7. Aliner for a sem conductor interconnect
according to 7claim 6linderBon esa'selmlimbaduatorsiflfaerﬂmilr,lf,ict gacporipheg ftor a

sem conduct or jntercon ect accor.dj n | ai erein X=10-60 atomc %
when said |irfer2dbls @&Hﬂiu erlc?g]r]fﬁléd‘?/nfor med of Cu or Cu

alloy. 9. Aliner for a sem conductor i nterconnect according to claim?7,
wherein X=10--90 atom ¢ % when said |liner abuts,a sem conduct

i nt er connect 8 or med® ok imeT ofOR 2 aFEBY CORGUCRORet RETFERRFGF maﬁﬁoﬁﬂmg to

el ectroni c SLELEIAT G, GRS R 111 oSt eRsmd © o f QhBhNG A1 OPAENGabiitd a
pre- pI’OCGSSGd el'ectronic

semiconductor interconnect formed of Cu or Cu alloy.

9. A liner for a semiconductor interconnect according to
claim 7, wherein X=10~90 atomic % when said liner abuts a

gsemiconductor interconnect formed of Al or Al alloy.

10. A method for forming an electronic structure
comprising the steps of:

forming an opening in a pre-processed electronic
substrate;

depositing into said opening a liner of a material
selected from the group consisting of Ti, Hf, In, Sn, Zr and
alloys of TiCus, Ta;-xTix, Tai-xHfx, Tai-xInx Tai1 xSn, Ta;-xZ2Xx
each having between 18 atomic % and 50 atomic % of one

element of Ti, Hf, In, Sn or Zr and mixtures thereof.

11. A method for forming an electronic structure according
to claim 10 further comprising the step of filling said

opening with a Cu alloy or an Al alloy.

12. A method for forming an electronic structure according
to claim 10 further comprising a step of filling said
opening with said alloy by a method selected from the group
consisting of PVD, CVD, electrodeposition and electroless

deposition.
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substrate; depositing into said opening a liner of a material select ed
fromthe group consisting of Ti, Hf, In, Sn, Zr and alloys of Ticu3b OCT 2005
Tal - xTi x, Tal -xHf x, Tal -xI nx Tal - XSn, s, T%(# erx each having between 18
atomc % and 50 atom c % of one el enent : , In, Sn or Zr and

m xtures thereof. 11. A nethod for formng an el ectronic structure
according tgsclaim gngtBHEit ket ¢PRLhgl RE thectteni Of sthbtige sacdorapegi ng
with a Cu alloy or an Al alloy. 12. A nethod for formng an el ectraonic
structure acc¢or dchglmtdocl ﬁuﬁtll@rfmoﬂ%ﬁsééﬁprfrlﬁ n§tePsteh SERAAYGIAY s&id
opening with.sai d aI o] gr.qu of
PVD, CVD, el eléﬂgdepom n%{(gl%% s %gaggg?thggn&[pa Eeﬁlﬁé?}étﬁge
'148158. doc: Mnld€ aﬁngéWOE)EanZQSmSC Ahent baddf or foringean téilaef)ctarbﬂﬁl'c 20
structure according to claim10 further conprising the step of depositing
a liner of PYOMER % and annealing said liner at a tenperature not higher
than 450C when said x is larger than about 20 atomc %

[ R UL(r)W48158. doc: M C
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