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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 surface 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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for example, is normally employed prior to the via barrier and copper deposition.

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 VIM] 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 element layer 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 alloying 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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Fig. 6 shows the structure of Fig. 5 following a copper field process and annealing to form solid
25  solution regions, in accordance with embodiments of the present invention.
Fig. 7 shows the structure of Fig. 6 after planarization is performed, in accordance with

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
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 inserted 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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field. The deposition of the alloymg 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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limitation, the scope of the present invention being limited only by the terms of the appended claims.
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An exenpl ary anneal i ng process exposes the structure to tenperatures

bet ween about 150C to 15 about 400C for between about 10 to about 90

m nut es, WD 06®0158¢ n enbodi nents of the invention. In especralsoyipreferred
enbodi nents, the tenperature is between about 200 to about 300C. In Fig. 7,
t he structure has been planarized to renove excess copper fill, barrier

net al IM‘? M@!%yr ng elenents |ayer 38 forned on the field. A
conductive pl ug 48 is therefore forned within the via 36. The conductive
plug 48 may lpe conshdAdn@ecdmea eiiRbhirS&nigheing.opper or copper-based al |l oy 48,
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appended clainms. 30 35 -6 WD 03/001589 PCT/ US02/ 12773 WHAT IS CLAIMED | S:
Il . A netal Lntergpnnec r e

diel ectric | gyer ?8%%11“8{}“ chlllzﬁ&q %h&%ﬂﬁé zﬁlo?gé)ele%egt 198?%?;%09&: of(tﬁg (}jdllo@mg

t hr ougheleinentsliSe) R Cr C Mg yéand(1314) to the copper line (30); a copper

al l oying el enent |ayer (38) conprising an alloying el enent Iining the via

Contluctive prug (38 peTReein s ek e SHOATE oY Btk BetdBlr oF copper

and the alloying elenments in the copper line (40) only in an area of the
copper |ine $46) &b stoehre efaimchditer campsising a(tggler metal ayer GO indhurie (3

claim 1bet%§\rtﬁé ﬂlogf Cgeetntmayegeﬁi a%mtcoh(ﬁr%t?\te Ip3ag). one of the follow ng

el enent s: he structure of claim 2,
wherein the conductr ve Q conprises copper. 4. The structure of
claim3, furfher AoRphe ?frrgleews rallpBpg A elgment 4y axereonnget imetaflratiof, oEEIng

the steps of:

etching an opening (36) through a dielectric layer (34) to expose a portion of an underlying
metallization layer (30) and form a via (36);

depositing an alloying element layer (38) within the via (36) to line the via (36) and cover the
exposed portion of the metallization layer (30); and

forming a solid solution of the alloying element layer (38) and the metallization layer (30) at the

exposed portion.

6. The method of claim 5, wherein the metallization layer (30) is made of copper or

copper-based alloy.

7. The method of claim 6, wherein the alloying element is at least one of Sn, Pd, C, Ca,
Mg, Al and Hf.
8. The method of claim 7, further comprising depositing a barrier layer (40) in the opening

(36) and filling the opening (36) with copper or a copper-based alloy.



between the alloying element |ayer (38) and the conductive plug (48). 5. A
nmet hod of selectively alloying an elenent to interconnect netallization,
conpri si ngo o3le1sse eps of : et ching an openi ng (36) t hr ough PaTdiSe/€x7v3 i C

| ayer (34) to expose a portion of an underly metal | izatign | ayer (30)
and forma via (36)metirdfarevidigs “a‘ha%yl"&ﬁ'eﬂ&“bf"éﬁ%ﬂﬂ“ pedomep vizs@P) #id 9P QT Bhe

vi a (36aop§)&1ine®)tmmw a(GR@ttrid MeC@REonipiBing BERRPESH: por tion of the
nmetallization | aye and formng a soljid solutiagon of t

el enent | ay eﬁiepe%é)g %lmﬁpfﬁ?é Shanalieyipg Mok W"Qy'e’rv"( §6) todine thyeia é%'ag é%v
porti On;op@fth}-h@)p@}?@bﬂd]e(ﬂfat kleRpoRRdby bl Geny t he net aI lization | ayer (30) i's
made of copper or The method of claim®6, wherein

the all oying Oé'F‘E'ﬁé‘ﬁP“ “5“"§tpl1gé§§t‘"‘3ﬁé% ?fézé‘r‘u‘d Pd, C, Ca, M, A and Hf. 8.
Th et hnret hod oinn@;h?;% g&b c?ausd:j M}Eﬁnzlhxi@ﬁ oC@ﬁHﬁxﬂls&hﬂ@_ &femg%))wng glteﬁ\erhaf thie @dp df ahedopfied O)

in e 0 n n i e openi Wi copper or a

copper - ng’s‘é@ g‘?tl‘ re‘gl l? réﬁg e }"l§§8‘%7e%‘2773 9. A nethod of providing
an alloying el errent for copper below a via (36) at a top of a copper line
(30) cover edl(by aThk ebkiked off daindy @hergiddhe albgingrelesiendistahzas toapsf &f, Pd, C, Ca,
deposi t| (ﬂ%fer (38) of an alloying elenment within a via (36) to line
the vi aM%?%? cover the top of the copper (30) line that is exposed by
the via (36); form ng a conductive plug (48) in the via (36); and annealing
to cause forhhti o'mhfl)rhetaodsmfldlmin_so,lwﬂe'redmthefstep héfoahﬂngyicnugiuaﬁ\&rmxgt(4&)tcotdpésesop
ol eront <PR0 e g A (b S 1aG8 RGN b B Gty i e i S ' "
| east Omrthkbﬁnprlﬁ’yb,r(@,) Ca, M, A, and HE 11. The method of claim 10,
wherein the step of formng a conductive plug (48) conprises depositing a
barrier layer (40) over the layer (38) of an alloying elenment, and
depositing copper (42) over the barrier layer (40). -8



