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30 reduced in diameter and the aspect ratio (depth/diameter) increased, as to about 4:1 and higher, the
openings become more vulnerable to defects, such as seams and coring in the form of porosity or voids
. running through the central portion of the contact or via. Such voids result in high and unstable contact
resistance distribution, generate defects and decrease electromigration resistance in both flash memory
devices and microprocessors, |
35 Accordingly, there exists a need for methodology enabling the manufacture of semiconductor
devices with improved reliability, including semiconductor devices containing MOS transistors as well as
flash memory devices, such as electrically erasable programmable read only memory (EEPROM) devices.
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~ Additional advantages of the preéent invention will become readily apparent to those skilled in
the art from the following detailed description wherein embodiments of the present invention are
30 described simply by way of illustration of the best mode contemplated for carrying out the present
invention. As will be realized, the present invention is capable of other and different embodiments, and
its several details are capable of modifications in various obvious respects, all without departing from
the present invention. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

35
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates 2 W plug void problem addressed and solved by the present

invention.
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Conventional photolithographic and etching techniques are then implemented to form a contact
opening in dielectric layer 200 exposing source/drain region 22. The contact opening typically has an
aspect ratio (depth/diameter) of about 4:1 or greater.
35 A composite barrier layer 201 is then deposiied to line the opening, such as an initial layer of Ti
and a layer of titanium nitride thereon. W is then deposited to fill the opening and form an overburden
202. Due to the high aspect ratio of the contact opening, significant voiding 203 is generated in the W
plug.
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| aser thermal annealing (30) the deposited Wto nelt and reflow the Win
t he opening. 2. The nethod according to claim1, conprising |aser thern‘%éN
anheal i ng by inpinging a pulsed |aser light beam (30) on the depb&Ftkd

(202) filling the opening at a radiant fluence of about 0.78 to 10 about
1.10 joul e?g . 3. The method according to claim2, conprising |aser
thermal an (9 ng (30) to heat the deposited Wfilling the opening to a

t enperature of about 3, 000C to about 3,600C, thereby reflowing the Win

t he opening. 15 4. The method according to claim 1, conprising |aser

t her mal a”‘iﬁﬁ\'ﬁ@%ﬁq pkd) nitrogen (N2). 5. The nethod according to claim
4, conprising laser errmal annealing (30) enploying.-an N2 flow rate of
about. 200 to about 2,000 sccm 20 6. The nethod according to claimil,
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| aser, thermal anneal | ng by inpinging a pul sed |aser |ight beam (30) on the
deposi% ed W"(‘tzl()g})-'mﬁ?sicf“i'ng the opening at a radiant fluence of about 0.78 to
about 1.10 joules/cn2. 35 10. The nethod according to claim9, conprising
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4. The method according to claim 1, comprising laser thermal annealing'(SO) in nitrogen (N,).

5. The method according to claim 4, comprising laser thermal annealing (30) employing an N,

: . flow rate of about 200 to about 2,000 sccm. k '

20 . _
6. The method according to claim 1, comprising depositing a barrier layer (201) lining the

opening before depositing the W.

7. The method according to claim 1, comprising conducting chemical mechanical polishing
25 (CMP) after laser thermal annealing such that an upper surface of the W (50) in the opening is
substantially co-planar with an upper surface of the dielectric layer (200). ‘

8. The method according to claim 1, comprising conducting chemical mechanical polishing
(CMP) before laser thermal annealing such that an upper surface of the W (80) is substantially co-
30 planar with an upper surface of the dielectric layer (200).

9. The method according to claim 4, comprising taser thermal annealing by impinging a pulsed
laser light beam (30) on the depdsited W (202) filling the opening at a radiant fluence of about 0.78 fo
about 1.10 joules/cm®.

35
10. The method according to claim 9, comprising laser thermal annealing (30) to heat the
deposited W (202) filling the opening to a temperature of about 3,000°C to about 3,600°C, thereby

reflowing the W in the opening.
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