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25 non-conformed deposition. The thickness of the barrier material is reduced by chemical vapor deposition
(CVD) or atomic layer deposition (ALD) processes. These advanced deposition processes form hightly
conformed barrier metal films. However, reducing the barrier thickness causes the barrier to become more

permeable to copper (Cu) diffusion, which can adversely affect resistance to electromigration.

FIGURES 1A and 1B illustrate a schematic cross-sectional view of a portion 100 of an
30 integrated circuit including a copper layer 110, a copper via 120, a copper layer 130, a dielectric layer 150, and a
dielectric layer 160. Via 120 and copper layer 130 are separated by a barrier layer 140.
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EM failures have been described by Stanley Wolf, Ph.D. in Silicon Processing for the VLSI
Era, Lattice Press, Sunset Beach, California, Vol. 2, pp. 264-65 (1990). Dr. Wolf explains that a positive

30 divergence of the motion of the ions of a conductor leads to an accumulation of vacancies, forming a void in the

metal. Such voids may ultimately grow to a size that results in open-circuit failure of the conductor line.

Thus, there is a need for an interconnect or via having less resistance while not experiencing

electromigration in via or line failures. Further, there is a need for a method of forming a large grain size
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25 BRIEF DESCRIPTION OF THE DRAWINGS

The exemplary embodiments will hereafter be described with reference to the accompanying

drawings, wherein like numerals denote like elements, and:

FIGURE 1A is a schematic cross-sectional view representation of a single damascene portion

of an integrated circuit fabricated in accordance with prior art;
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20 With reference to FIGURE 4, a schematic cross-sectional view representation of a portion 400

of an integrated circuit includes a conductive via layer 410, a conductive layer and via section 420, a conductive
layer 430, a barrier layer 440, a dielectric layer 450, and a dielectric layer 460. Portion 400 is preferably part of
an ultra- large-scale integrated circuit having millions or more transistors. Portion 400 is manufactured as part

of the IC on a semiconductor wafer, such as, a silicon wafer.

25 Portion 400 can also include a dielectric layer 442 that is separated from conductive layer 430
by an etch stop layer 474. In an exemplary embodiment, dielectric layer 442 is an oxide material and etch stop
layer 474 is Silicon Nitride (SisN4) or other suitable material. Etch stop layer 474 prevents diffusion of
materials from conductive layer 430 into dielectric layer 442. Conductive via layer 410 can be a layer of any

conductive material, such as, copper or another metal.
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30 process further resulting in increased grain size and lowered resistance.

Chemical mechanical polishing, chemical polishing and/or electropolishing can be used to
remove Cu-Zn-Cr and barrier layer from the dielectric forming planar surface ready for the next dielectric layer

deposition.
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Vi ew repre gg t portion 60 an 1 ntegra
circuit (I%% n?sr?!é Qnatwnso%gerﬁ’egscna?s% ‘T“é"g?m 610, a vial/trench sectl on 620 a

conductive 25 Iayer 630 a barrier layer 640, a dielectric |ayer 650, and
a dielectric |ayer 686YNPEFBS &erhersisBosFretiopdl aigw aepttbeathiéng of # dusl deyrercen§4 2
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Portason 60Qhyér$36ia IBir}iéirlayer 640, a dielectric layer 650, and a dielectric layer 660. Portion 600 also includes a
dielectric layer 642 that is separated from conductive layer 630 by an etch stop layer 644. Portion 600 is similar
to portion 400 described with reference to FIGURE 4 with the exception of via/trench section 620 having a

shape of a wide interconnect, compared to shape of via/trench section 420 of narrow interconnect.

Dielectric layers can include low dielectric constant materials deposited by CVD or spin-on
30 techniques. Low dielectric constant materials can have dielectric constant k = 1.5-3.5 and can include porous

materials with porosity between 10 and 45%. Pore size can have dimensions of 1-15 nm.

Dielectric layer 650 can be separated from copper layer 630 by a barrier layer 652. Similarly,
dielectric layer 660 can be separated from copper via layer 610 by a barrier layer 682. Barrier layers 652 and
682 can be Tantalum Nitride (TaN). Etch stop layers 672, 674, 676, and 678 can be Silicon Nitride (SiN).



to portion 400 described with reference to FIGURE 4 with the exception of
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descri bed above are presently preferred, it should be understood that

t hese enbodi nents are offered by way of exanple only. Oher 10 enbodi nents
may include, for exanple, different nethods of inplanting copper alloys and
different elenents into alloys. The invention is not limted to a
particul ar enbodi nent, but extends to various nodifications, conbinations,
and pernutations that nevertheless fall within the scope and spirit of the
appended cl ainms. 7 WD 03/046979 PCT/ US02/ 32605 WHAT IS CLAIMED IS: 1. A
nmet hod of fabricating an integrated circuit (400), the nethod conprising:
formng a barrier layer (440) along lateral side walls and a bottom of a
via aperture, the via aperture being configured to receive a via materi al
that electrically connects a first conductive |ayer (410) and a second
conductive layer (430); and 5 providing a ternary copper alloy via nmateri al
in the via aperture to forma via (420). 2. A nmethod of using ternary
copper alloy to obtain a | ow resistance and |large grain size interconnect
or via, the nmethod conpri sing:



providing a first conductive |ayer (430) over an integrated circuit
substrate; providing a conformal |ayer section (440) at a bottom and si des
of a via wpasiwwes positioned 10 over the first conducti vecraser/3y6d430) to
forma barrier separating the via aperture fromthe first conductive |ayer
(430); filling the via aperture with a ternary copper alloy via material to
forma ternar alloy via (420); and providing a second conductive

| ayer (410)“@%@? IE‘éW?QrI?rary copper alloy via (420) such that the 15
ternary copper alloy via (420) electrically connects the first conductive

| ayer (410) to the second conductive |ayer (430). 3. The nethod of claim1
or 2, wherein tHe tefmghydofépyseiing o ihtegpated cigpuin@b@ithealethpdvohmdies an el enent
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claiml1l or 2, wherein the ternary copper alloy via material includes an
elenent wt h azchar achdol st ishgft@fiary RfLARY '&go@inaﬁ ﬂ)wslleszs@mcezaﬁd ﬁrgem fgt hod

of claim 6,1?tm§£egtl pw% R@m@t@@?m[hnsn‘{r% t ga characteristic for increasing grain

size is clum 8. The method of claim®6, wherein
the el enent with a cPa¥ ‘Ezgtaé"fsf@t“?“ﬁ“"FB}‘efG“?Pé?‘@%@i“\*?@fa@fi%lntsshstza@ is one atomc
percent or |ess of trevitigraantymeldppesctial ¢4y atdibatorBihEsideab.a v&,apéﬁh@ pﬁiomd of

clai 6, WhRLee Rrst J&@dug{vaiaﬂ:r étk(iﬂ & thrih at%gft‘l%ﬁ%ﬁatgg é@ %Q%efﬁ“e%o thee}gs’: conductlve%(\j et hod

of claim 2, 43.gerel n the ternary copper oy via materia
CuSnCa, CUZFCA, or CuAgCa. -8

filling the via aperture with a ternary copper alloy via material to form a ternary copper alloy
via (420); and

providing a second conductive layer (410) over the ternary copper alloy via (420) such that the

15 ternary copper alloy via (420) electrically connects the first conductive layer (410) to the second conductive
layer (430).
3. The method of claim 1 or 2, wherein the ternary copper alloy via material includes an element

with a characteristic for lowering resistance.

4. The method of claim 3, wherein the element with a characteristic for lowering resistance is
20 Zinc (Zn), Silver (Ag), or Tin (Sn).
5. The method of claim 3, wherein the element with a characteristic for lowering resistance is

one atomic percent or less of the ternary copper alloy via material.

6. The method of claim 1 or 2, wherein the ternary copper alloy via material includes an element

with a characteristic for increasing grain size.

25 7. The method of claim 6, wherein the element with a characteristic for increasing grain size is
Calcium (Ca) or Chromium (Cr).

8. The method of claim 6, wherein the element with a characteristic for increasing grain size is

one atomic percent or less of the ternary copper alloy via material.
9. The method of claim 6, wherein the grain size is between 0.5 and 3.0 pm.
30 10. The method of claim 2, wherein the ternary copper alloy via material comprise CuAgCr,

CuSnCa, CuZrCa, or CuAgCa.
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