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30 metal, to simultaneously form a conductive plug in electrical contact with a conductive line.

High performance microprocessor applications require rapid speed of semiconductor circuitry. The
control speed of semiconductor circuitry varies inversely with the resistance and capacitance of the
interconnection 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

35  upon the interconnection pattern. Miniaturization demands long interconnects having small contacts and small

cross-sections. As the length of metal interconnects increases and cross-sectional areas and distances between
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reliability, while the high resistivity of TaN and B-Ta manifestly adversely impact circuit speed. Accordingly,
there exists a need for reliable, low resistance interéonnects, particularly Cu and Cu alloy interconnects formed

35 in low dielectric constant materials, and for enabling methodology.
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30 Embodiments of the present invention further include single and dual damascene techniques

comprising forming an opening in a dielectric layer or layers on a wafer, laser thermal annealing exposed
surfaces of the dielectric layer or layers in NH; and N», depositing Ta to form a composite diffusion barrier
layer of graded tantalum nitride/o-Ta, lining the opening and on the dielectric layer(s), depositing a seedlayer,
depositing the Cu or a Cu alloy layer on the seedlayer filling the opening and over the dielectric layer(s),

35  removing any portion of the Cu or Cu alloy layer beyond the opening by CMP leaving an exposed surface and

depositing a silicon nitride or silicon carbide capping or barrier layer on the treated surface.
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Embodiments of the present invention include single damascene structures as well as dual damascene
structures. An embodiment of the present invention involving a dual damascene structure is schematically
illustrated in Figs. 1 and 2, wherein similar features or elements are denoted by similar reference characters.

35  Adverting to Fig. 1, lower metal feature 11, e.g., Cu, is formed in an underlying interlayer dielectric 10, e.g.,
F-containing silicon oxide derived from F-TEOS. A capping layer 12, such as silicon nitride or silicon

carbide, is formed on an upper surface of interlayer dielectric layer 10 and a dielectric layer 13, such as a low-
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A wide variety of low-k materials can be employed in accordance with embodiments of the present
35  invention, both organic and inorganic. Suitable organic materials include various polyimides and BCB. Other
suitable low-k dielectrics include poly(arylene)ethers, poly(arylene)ether azoles, parylene-N, polyimides,

polynapthalene-N, polyphenylquinoxalines (PPQ), polyphenyleneoxide, polyethylene and polypropylene.
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| aser tubeqenilforasrurgics agon AHerlerd iR prisairhediyNr aces to form a surface region

19) depleted in and enri.ched. in. N2. 5. Th i laim 1,
gon%ris?ng ﬁorniﬁ&”? déﬁﬂﬂ%%PfE”%&F?ﬁ%PmFé§§?£¥%%88%%§&3%€i%gé%g?ging Ta,

the Coﬁﬂgﬁkﬁﬁﬁ?gﬁkk o%@%ﬁﬁ?%QQQBEﬁhH@5 a grated layer of tantalumnitride
e

(20) o -énriched surface region (19), the graded tantalum 15
nitride |aygbraf@Rl@bMideinNAtiie 2o on AR BlricEkaciRask e (19, te ghdeérttilon avay

fromthe N2-enriched surface region (19); and a |layer of (err)-Ta (21) on
t he 5gr sietel lay e bénadiing Najirt anjackeunk deyreasing 209 dire@ion Twpe fgm thedl-catichest Hifasg 8" cl ai m 2,
conprising laser thermal annealing by inpinging a |aser ,
(19); and
a layer of o-Ta (21) on the graded tantalum nitride layer (20).
6. The method according to claim 2, comprising laser thermal annealing by impinging a laser
light beam (18) on the exposed surfaces at a radiant fluence of about 0.09 to about 0.11 joules/cm2 to elevate
20  the temperature of about 370°C to about 430°C.
7. The method according to claim 2, comprising forming the composite barrier layer (20,21)
by depositing Ta, the composite barrier layer comprising:
a graded layer of tantalum nitride (20) on the Nj-enriched surface region (19),
the graded tantalum nitride layer containing nitrogen in an amount decreasing

25 in a direction away from the Ny-enriched surface region (19); and

a layer of o-Ta (21) on the graded tantalum nitride layer 20).



i ght beam (18) on the exposed surfaces at a radiant fluence of about 0.09
to about 0.11 joules/cm(err) to elevate 20 the tenperature of about 370C
t o about wWB0G049161 The nmet hod according to claim 2, conpri Cagshwssseng t he
conposite barrier layer (20, 21) by depositing Ta, the conposite barrier
| ayer conprising: a graded |layer of tantalumnitride (20) on the
N2-enriched surface region (19), the graded tantalumnitride |ayer
containing nitrogen in an anount decreasing 25 in a direction away from

the N2-enrighed surf. i .- .and a |l ayer of a-Ta (21) on the graded
tant al um ni ?‘rideif‘é“;/l%’?‘g%@g‘%&&é)%l /049161 PCT/ US02/ 38820 8. A

sem conduct gf o g6y if £ai0QIRdys! (M 13)2paopening in a dielectric layer (15, 13);

and a conposite barrier Iayerm?ch, 21) fornmed on a surface of the

di el ectric hay®bsit badidd Giydr (0D, DIP @AhddGn a sudaerof the dielbetiidigyeslinifgale@paingt he

dielectric layer conprises a nitrogen (N2)-enriched surface region (19);

and twerdonposite barrier |ayer conprises: an initial graded |ayer of

tantalumnitride (20) containing N2 in an anount decreasjing in the

diréction athagureesibe fgequr laver OBREES StiFEat @ reaedurtags peign ?‘3&}@‘?‘1 of

al pha-tant al um%}&)er r%ﬂ-,T on the graded tantalumnitride layer (21). 10 9.

The seni contfiEPEPHEHEEVIERB T hg to claim 11, wherein the dielectric

| ayer (15, 13) DL i Lk il ¢t %kdeo dekd ved
&P 1%?11 );ﬁ-ﬁe%i I:Iyletl‘bq Eah@ﬁm&@ide&%%&a%ﬁ?n@ gli %1 hbGAR g

from F-doped tetraet orthosilicate ( The sem conduct or

devi ceqiReERARFbnt @ GlatimsurtMd@zRhtnd t he opening is a dual damascene
opening conprising a lower via hole in conmmunication with an upper trench;

and 15 the fill edl.ppeflgtaanmr¢-gesomrthduaded taiurahilrgy layer £1§.23B) 1 n
conmmuni cation with an upper Cu or Cu alloy line (23A). 9
10 9. The semiconductor device according to claim 11, wherein the dielectric layer (15, 13)
comprises fluorine (F)-containing silicon oxide derived from F-doped tetraethyl orthosilicate (F-TEOS).
10. The semiconductor device according to claim 9, wherein:
the opening is a dual damascene opening comprising a lower via hole in communication with an
upper trench; and

15 the filled opening comprises a Cu or Cu alloy via (23B) in communication with an upper Cu or Cu

alloy line (23A).



