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‘and norrsogtesignidietyes fpming #neopening (or via) in the dielectric interlayer, which will subsequently
separate the vertically spaced metallization layers. The via is typically formed using conventional
25  lithographic and etching techniques. After the via is formed, the via is filled with conductive material,
such as tungsten or copper, using conventional techniques. Excess conductive material on the surfaceé of ™
the dielectric interlayer is then typically removed by chemical mechanical planarization (CMP).
High performance microprocessor applications require rapid speed of semiconductor circuitry,
and the integrated circuit speed varies inversely with resistance and capacitance of the interconnection
30  pattern. As integrated circuits become more complex and feature sizes and spacings become smaller, the
integrated circuit speed becomes less dependent upon the transistor itself and more dependent upon the
interconnection pattern. If the interconnection node is routed over a considerable distance, e.g., hundreds
of microns or more, as in submicron technologies, the interconnection capacitance limits the circuit node

capacitance loading and, hence, the circuit speed. As integration density increases and feature size
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| Electromigration (EM) has been defined as the transport of metal atoms by momentum
30  exchange between electrons, moving under the influence of a field, and metal ions. Two of the critical
interfaces for electromigration in the copper damascene structure of Figure 1 are the interface VIMI at
22 and VIM2 at 24. Electromigration testing of the V1M1 interface 22 involves flowing electrons from
the upper copper line in metal layer 16 (M2) through the conductive plug 15 and the via 14 and into the
lower copper line in metal layer 10 (M1). Electromigration testing of the VIM2 interface 24 involves
35  electrons flowing in the opposite direction. In the case of the VIM1 interface 22, electromigration voids

typically generate at the copper/nitride or (copper/barrier) interface at the via 14. This is depicted in
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copper alloying element, lines the via and covers the copper line exposed by the via. A conductive plug
fills the via. A solid solution of copper and the alloying elements is provided in the copper line only in
the area of the copper line adjacent to the conductive plug.
By providing a copper alloying ele;néﬁi '.IA.aS'er that lines the via that is directly over the copper
30  line, a solid solution of copper and the alloying element may be formed in the area of the copper line -
directly underneath the conductive plug. Hence, the solid solution of copper and the alloyivng element is
provided at the most critical electromigration failure site, i.e., the fast diffusion site below the via in the
underlying copper line. |
The earlier stated needs are also met by another aspect of the present invention which provides a
35  method of selectively alloying an element to interconnect metallization. This method comprises the steps

of etching an opening through a dielectric layer to expose a portion of an underlying metallization layer
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alloying element layer, in accordance with embodiments of the present invention.
Fig. 6 shows the structure of Fig. 5 following a copper field process and annealmg to form solid
25  solution regions, in accordance with embodiments of the present invention. T
Fig. 7 shows the structure of Fig. 6 after planarization is performed, in accordance with

embodiments of the present invention.

o= DETAILED DESCRIPTION OF THE INVENTION - e e
' The present invention addresses and solves problems related to electromigration failure in
30  copper lines of metal interconnect structures. This present invention solves these problems, in part, by |
providing a copper alloying element inserled into the copper line at a critical electromigration failure
site, which is the fast diffusion site below the via in the underlying metal. In embodiments of the present
invention, after the via is patterned and etched, and prior to deposition of a refractory barrier metal, the
alloying element is deposited within the via and on top of the exposed copper in the metal layer below.
35  After deposition of the refractory barrier metal over the alloying element layer, a copper fill is

performed. The structure is then annealed to stabilize the grain structure. This anneal serves to allow the
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25  these reasons, some of the advanced deposition methods mentioned above are considered advantageous

The deposition of the alloying element layer 38 is preferably performed in-situ (without
breaking vacuum) on the same deposition equipment that will be used for the deposition of the barrier
metal layer and the copper seed. An additional chamber is provided on the deposition tool for the

- alloying elements deposition from a pure target. For instance, if the alloying element is Sn, then.the
30 target would be Sn. The alloying element layer 38 may be deposited in a thickness of between about 50
and about 200 A, for example.

The provision of the alloying element layer 38 within the via 36 on top of the copper line 30
provides the alloying element, such as Sn or Al, directly at one of the most critical electromigration
failure sites, i.e., at the fast diffusion site below the via in the underlying copper.

35 In Fig. 5, a barrier metal layer 40 has been deposited over the alloying element layer 38. The

barrier metal layer 40, comprising a refractory barrier metal such as tantalum (Ta) or tantalum nitride
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the alloying element |ayer 38 covers the sidewalls of the via, the top of
the copper line 30, and the field. Exenplary alloying el ementﬂs'i M%Q%Sn,
Pd, C, Cawd\{gl, 0§9and Hf . In especially preferred enbodinents, elther Sn
or Al are usec? # ¢ he al l oying el ement. These el ements, WRT/GIREFEY with
20 copperaNn)i p?&/éﬂ@&'ﬁ'uﬁ&?oﬁh@&;pb&'b. Thid ﬁl@di@&tﬁcelﬁﬂ’éf BANCHs sgrv%pflﬁ p?&{?%e‘xghesi-m For

e odas,

al | oyi nﬂ&el enent |ayer 38 ma deposited by conventional "'ne
i ncl udi

deposi tion, bRl baywsatdadauiers P%és Bdlowhigihd ﬁllfi{)%&'zco er Fﬁiinti 'tliewlﬂ %, ’iﬂ%‘ng?%r”g

depositiﬁn. It is preferred to posit the a I ng el enment |ayer

manner {1H&2 fojloxs dherfermasipn af the, ceppprassed fayes (aps shpwad) emthe bowicemetaldayer #® Tht vayi ng
el enent 36 magBSfinalbig: by SorlvBRtRRal AR | deRRsytion -
met hods rreﬁ{di orlled a{bp?\?gw;r% consi d%r egocfadvgﬁ?'g e%’ggc.h Jg%ﬁg&%g%g@?tdl on '§+’ t he
al | oyi nBEIcai@per depgsition.pg chemical ¥anor dapositione for exampie. The exipper fillA2icowpletely fills

br eaki ngie VG Wihirfle EAnS W The $RRRSbhAR P ARG md 33, Wi | | be used for the
deposition of the barrier netal |ayer "and the copper seed.. An additional
chanber is pFeipinedhofillingef theerpper. pireppesdpsed alloy; arcannedling js perfombed nwhictshas
deposi t iepin{effRdts. DB F felcHBAL is 5 Aabili st | s Sn,
thg@st he ,318 targetn vvouled be ESESt ‘Ql'lﬁgllgblgtlhg iﬁ&trg{“g%rbhﬁ? Vlé‘%’*?“%é%%% t?éafo"%

de

The pr oyhidisomo rebidR 43! Wiyl 1 B i PR ' i of

t he coppel_r SI i trlle, r:?% p(ovli des thg&gﬁiﬁ%g?%@&cé@eﬁx ,a%e@clhngggwsﬁegghﬁ%&gg

di r ect | %2i9R 48 yithigy the fyia Ifpistalserdepicted |byedaghed dives. Theconfigurafier diuthe salid sdution. e. |,
at the kashs 4 4 Yok bfiy R VA nderlying copper. 35 In
Fig. 5, % bsarri er g&a@lg{/’eﬁl@#'ﬁg@ %g%éﬂ8%§§1¢ed over the alloying

el ement | ayefn ggmplipRsanngaing ipeqcesserpased the structifs todemgeringesistween @aboun d 505Cto

barisi erapomt 490°6 i befiseeh abdutt! Foet ant nithi - U 5. WO
03/001589 PCT/ US02] 12773 ('Il'grl% Q%drae\?gr??g ;i ot o"f’g‘giﬁ'ééc‘%;‘)%e‘%e%gg'{'é“t he
di el ectesPesiafly peferrsd embadingnis the demperatyre is hetveeiabouiX00 &0 aboutf39P°C.t he subsequent
copper - seed-1ha¥eH; therbaid h&" . [l ol |t ' entj onal
manner. Fi ﬁ’ﬁ 6 gghi)tws t he rés!tléubg?ﬁé@ag% Q%’:(I%ée 'é(g'efe g‘fegse(;&ve%% ‘ﬁﬁ?’ﬁ?’?’f‘?‘%xy&F 4 '
copper aif eligying qiemepisdayss38 fpraedcanthefieldfA fonduqive plugdfids thérefofedoreedivathinothe t.he
copper vi£se! TheYdbudiNe blug 19 Wa 1€l ¥ Lok oy Vi@ me 36
may be 111 ed th lco%ugrg)by)f b8 Borsidfred & °h§é'f)%§%?‘%"8%%2&’?{’%?3“6&,&°¥6§h‘“%s

el @8t r barenimenl layrs 482nd the alloyinsel¢ment layer38r asdeglicrsiany slid solutiarheegion 46 formpdr
deposi twigkh thé ¢ 3€xanpl e. The copper fill 42 conpletely fills the via 36
within the confines of the barrier metal |layer 40 and over the field.

Fol | owi ng t H¥ ¥ sofid sejutiaprof thecopprspipying elemen prefiornralsia thearegioy 44, avhicinin eadidahg | s
per f or gRdk Jafibh Rafre GBI G21N , . -ef ts 1S ¢ 1 1ize
the grajn %'t“vr@*l?(;t ure. r?ljlowever : hﬁﬁ%f%;efﬁmg fggtﬁjfeﬁog'htﬁ'ge‘?%r%qeiﬁl%pé%l lfm% 3;%?“3 i on

r egi on§leguorBigRtions refinbiligyeofthe symatye d¢ émpsoved inradtatgeted cod péiicidnn maanterallisid t he
- VR8- 3@écomplished ﬁfhh&xlt a@mptihO B d’llﬁg tHaRndiéd cég&(ﬂ{}%ﬂ% 32 BGenGR Bﬁ@’iné QdGentQuitable for

depi cted by dashed |lines and the solid
improving electromigration in copper.

Although the present invention has been described and illustrated in detail, it is to be clearly
understood that the same is by way of illustration and example only and is not to be taken by way of

limitation, the scope of the present invention being limited only by the terms of the appended claims... .. .
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region 46 within the via 36 is also depicted by dashed |ines. The
configuration of the solid solution regions 44,46 is exenplagilo I égbg
the schematic diagramof Fig. 6. An exenplary annealing proce eﬂyﬁ t he
structure to tenperatures between .about 150C to 15 abgut 400C.for between
about 10 to about 90 minutes, in certain enbodi ments of \¢HEFEMRRLRAIDN. | n
especially preferred enbodi nents, the tenperature is between about 200 to
about 300C. In Fig. 7, the structure has been planarized to renbve excess
copper fill,ChadMSr netal |ayer 40 and alloying elenents |ayer 38 forned
on the field. A conductive plug 48 is therefore formed within the via 36.
The conductive plug 48 nay be considered to conprise the copper or
copper-based _alloy 48, . the 20 barrier netal |layer 40 and the all oying

el enent | ayel 38, A e%%Pﬁﬂ%@ﬂﬁﬂy%%%$¢%F%ﬂﬂﬂﬂqamq region 46 formed within
the vias36. As a gebpger3bution of the copper alloying elenment is formed in
the region 44, which'is critical electromgration failure site, i.e., the
fast diffusion siaalideitdolayreover the3epper le6pper |ine 30, the

el ectrom gration reliahili kSl ijaga targeted and
efficient manner. a?h% %R{ﬂlsdl%thg%uggqrr% (?%{?g%itc\l/{vi{}%ﬁgitthlegte 1[Blgeé\r{rgtgl ?’nagldt o alloy the
entire copper |inac3fdwitivl phuig fdlihpthervip;el ements suitable for inproving

el ectromigration ip copper. Al though the present invention has been

descri bed and illﬁg?Pg?gﬁﬂﬂW'detail, it is to be clearly understood that
the sang is by way @ppdrlallbging dicn@nt Rper Imiagdle &ialdycorating thanmirtibroofthe t aken
by way of Ilimtation, the scope of the present invention being I[imted
only by the teppeslinsgtexprecddppbadisdand aims. .. -. 30 35 -6 Y 0 1 JUN 2005

Repl acenent page MBS I Heq I ri éSlideg: 5 a
copper line; a dié%é%%g?g&?%ﬁggﬁgégPhtfgaggbper&P?%ggggﬂdﬁé ex gnding

t hrough the olilgliean aica of thgeoppar linh edjeogmp ghe dondectivamie. a conducti ve pl ug
filling the via; characterised by: 10 a copper alloying el enent |ayer
lining the via and covering that portion of the copper |ine exposed by the
via; ang a splid seltrueiireddf ctaippie whareth theallaying lengneisanteast dneofithd i n t he

copper line only in an area_qf .the _copper line adjacent the conductive
pl ﬂg . follow%(ng elements: Sn, Pd, C, Ba, l\ﬁg,p land I—hn J

3. The structure of claim 2, wherein the conductive plug comprises copper, and
wherein a solid solution of copper and the alloying element is additionally formed in a

20 region within the conductive plug.

4. The structure of claim 3, further comprising a barrier metal layer in the via

between the alloying element layer and the conductive plug.

25 5. A method of selectively alloying an element to interconnect metallization,
comprising the steps of:
etching an opening through a dielectric layer to expose a portion of an
underlying copper metallization layer and form a via;
depositing an alloying element layer consisting essentially of an alloying
30 element within the via and directly on the exposed copper metallization layer to line
the via and cover the exposed portion of the copper metallization layer; and

forming a solid solution of the alloying element and the copper metallization

7




15 2. The structure of claiml1l, wherein the alloying elenent is at |east
one of the followng elenents: Sn, Pd, C, Ca, My, Al and HE 3. lﬁﬁl «
structure of claim2, wherein the conductive plug conprises cibb ;ﬂ@i ‘
wherein a solid solution of copper and the alloying eleﬁgﬁ chihe onaIIy
formed in a 20 region within the conductive plug. 4. T et ure
claim3, further conprising a barrier nmetal l[ayer in the via betmeen t he
al l oyi ng el enent |ayer and the conductive plug. 25 5. A net hod of
sel ectivel y hyémapithegexposedipontéont. t o i nterconnect netal lization, conprising
the steps of: etching an opening through a dielectric |ayer to expose a
portion of an underlying copper netallization layer and forma via,
deposi ting ap. al | oxd Methel SFERIm kawBércmARS hisdyinelenems hidAkdsy oad ofSh, 84 oyi ng
30 element within the via and directly on the exposed copper metal | i zati on
| ayer to |in€,Caldgrvalkandddf. cover the exposed portion of the copper
netallléatlon | ayer; and formng a solid solution of the alloying el enent
and the-copper netallization 7 0 1 JUN 2005 Replacenent page | ayer at the
exposed portyon. Bhe fﬁe@mﬂr@fbﬁdnef fusthat €6nSpris &M%Qi’e@bﬁhﬁ%@b@hbﬂh&ﬁ@nelh@rrent is
at | east one of Sn, Pd Ca, ,, Al and H e met hod of cl aim 6,
further corrp@]i’@m&galﬂé'éh%g them@e@ngaﬂﬁn@pperr&yé;comrtbﬁée Blo%¥ni ng and filling
t he opening with copper or a copper-based alloy. 8. The method of claim?7,
wherein the step of depositing an alloying elenent 10 | ayer incl udes
depositing tRe al Thymethoelo€oRith 7| alekinvhé ke Etmﬂofﬂbpbkmﬁganbﬁbmgaleahnut 50 A
to about 200 A 9. The nethod of claim 8, ein the step of deposi ng an
al | oyi A§ el elnex lnclpégﬁeiepp%ng;a@all@wag@%en&awaﬁ%réﬂlth B ISR WpeADOY
deposi ti on, qh%&wﬁ%@bgg 15 magnetron sputtering, and self-ionizing
pl asma deposition. he met hod of claim9, wherein the step of form ng
the solid solution conprlses anneal ing at a tenperature of between about
15 Cto about 400 C for tmeen agout 0 nin ées to abo t 90ﬁf1 %es
cgel

11. A net hod%of pIB@F@ﬂWS ﬁhﬁpﬁo gifeRP %%EﬁﬁﬁﬁEP Bere a at a
top of a layer includes one of advanced ionized physical vapor deposition, hollow cathode
15 magnetron sputtering, and self-ionizing plasma deposition.

10.  The method of claim 9, wherein the step of forming the solid solution
comprises annealing at a temperature of between about 15 °C to about 400 °C for
between about 10 minutes to about 90 minutes.
20
11. A method of providing an alloying element for copper below a via at a top of a
copper line covered by a dielectric layer, comprising the steps of:
depositing an alloying element layer consisting essentially of an alloying
element within a via to line the via and directly on the top of the copper line that is
25 exposed by the via to line the via and cover the top of the copper line that is exposed
by the via;
forming a conductive plug in the via; and
annealing to cause formation of a solid solution of the alloying element at the
top of the copper line that is covered by the layer of the alloying element.
30




copper line covered by a dielectric layer, conprising the steps of: .
depositing an alloying elenent |ayer consisting essentially 2 ﬂmagﬂh yi ng
elenent within a via to line the via and directly on the tvop(P f e copper
line that is 25 exposed by the via to line the via andiedlaceememisagep of
the copper line that is exposed by the via; formng a conductive plug in
the via, and annealing to cause formation of a solid solution of the
alloying elenment at the top.of the copper line that is covered by the

| ayer of theyallo : LA JUN, 2005 . Renl. . The
met hod of cl };uza'm 1@9%?@9&%2@{%%%21 Y%%%Flégtﬂee%o#g?ﬁ el?%lgrgtlg%tg%sp B%érjlcgig‘sgq" iaé’n Pd,
C Ca, My, AL, CaMdgHAl ad@HfA nethod of providing an alloying el ement for
copper below a via at a top of a 5 copper line covered by a dielectric

| ayer, conprising the steps of depositing a | ayer of an alloying el enent
within a viagto |i | 0 -1 f ' at i1s
exposed by ”1% Vi é?}ﬁ?%tr;%‘lo%r%‘éﬁc aglu%@&{}lg egﬁ(%l??or{%to Réé}g/}) F%?‘Pzgﬁ% a!%%ﬁ a‘#f?‘lng to
cause f 6r mat teppedfinaicaetddbysndivlettoo 1fer,idompaikingYheeglofnment at the 10 top
of the copper line that is covered by the layer of the alloying el enent;
wherein the al | oyfieRpsimggdpser p§analloyangelemprt vythizy viadg lingtheryia apgycover | Hf ;
and wherein Wag: i plug conprises depositing a
barrier | ayte}{rquglgfrﬁ'tgﬁgﬁqegyé%glsgﬁﬁg{éﬁ%ggdrl%%& enent, and depositing copper
over the barrier fdraweya cdfdudtive pltyeinthe hiaglaraf cl ai m 13, wherein the step of

depositing a layer of an alloying .elenents includ one .of advanced

i oni zed physi cal Wébﬂ%@ﬁé&ﬁ%ﬂ@lmf@oﬁw}@a?lﬁe%ofe 'ﬁﬁ@ﬁ%ﬂ%ﬁle@ﬁmtébq ng,

and seljp- | Onjeg FhPLPPERIRARATS Edied B Payerd HEMEBAG AL Abmeh@ M 14, wherein

the step of aofzﬁjlneal [ ndgi’i n(1:I udes anneal I'ng atyea terrp(g?‘g% ur%1 of between about

150C to about 400@htwin therllexing eloment is 8t leastonesf $m PdaboGe, M, A, hlff axl 9
wherein the step of forming a conductive plug comprises depositing a barrier

layer over the layer of an alloying element, and depositing copper over the barrier

layer.

15
14.  The method of claim 13, wherein the step of depositing a layer of an alloying
elements includes one of advanced ionized physical layer deposition, hollow cathode
magnetron sputtering, and self-ionizing plasma deposition.

20 15. The method of claim 14, wherein the step of annealing includes annealing at a

temperature of between about 150°C to about 400°C for between about 10 minutes to

about 90 minutes.




