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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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BRIEF DESCRIPTION OF THE DRAWINGS
35 Fig. 1 schematically illustrates a W plug void problem addressed and solved by the present
invention.
Figs. 2 through 5 schematically illustrate sequential phases of a method in accordance with an

embodiment of the present invention.
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embodiment, CMP is conducted prior to laser therm'll annealing.

The use of laser thermal annealing in accordance with embodiments of the present invention to
reduce interconnect voiding and to decrease contact resistance offers several advantages. For example,
35 laser thermal annealing enables pinpoint accuracy in targeting the W filling the opening, thereby
avoiding unnecessarily elevating the temperature of other portions of the wafer causing various problems,
such as undue impurity diffusion.
In implementing embodiments of the present invention, any of various commercially available
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environments and is capable of changes or nodifications within the scope of
the inventive concept as 30 expressed herein. 5 WO 03/040436

PCT/ US02/\809304049HAT |S CLAIMED | S: 1. A nethod of manuf a®COrisnz3®10

sem conduct or device, the nmethod conprising: formng an opening in a
dielectric layer (200); depositing tungsten (W (202) to the opening; and
5 |l aser tWwexATab CaamnEl iSng (30) the deposited W 2. The nethod according to
claim1l1, conprising |aser thermal annealing by inpinging a pulsed |aser

i ght beam (30). on 4 h&ndeppmuiaaarind/adtdndiciol ddvibgint Ranapenpmagat a radi ant

fluence of aboyt .0, .¢8 . 1o, abaUtuidakd deHl €s/cn2. 3. The nethod according to
claim 2, corrpriil‘!ssnll nga Bse gm ern%l h}zlfnﬁegl ing (30) to heat the 10 deposited

Wfilling the ‘l‘ib‘éﬁi“ﬁ@“??ﬁ" (é’v)t@ﬁ)défh&f’ltﬂ“ég’d‘l‘d about 3, 000C to about 3, 600C,

t herseby r ef | owksagtherimalanikiling (0hide &psited¥y. 4. The net hod according to claim
1, conprising laser thermal annealing (30) in nitrogen (N2) 5. The nethod
accordi ng to ci ai mee meMedAck@diigto] cBER I, com@ising lasa fRead iangalng 0y nging)l Ng an
15 N2 flog%l;earaser Rine aéafaleatg) @ &egos@éw%oz% o000 P58 a?a rad ﬁfm&w&qbo@{:&w di ng
to claiml, rsin epositing a barrier |ayer I'i'ning the opening
bef or e dei?d‘g?“fnfpd"‘tlﬁlémw 7. The nethod according to cI aim1, conprising
conducting chem cal nechanical polishing (CWw) after |aser thernal

anneal i ng such?-t hatThametiprseording fo glain fcomiyising\lages thermah apngding GFéhfedgptitke 20
subsxt ant | @dpbstedW- i MRl opdiliniz o R RempfP@Fe o WichBK®ocefto hildat THoaloe ibdeb Crehi @M
(200). nd Yein AR LPQRaccording to claim1, conprising conducting chem cal
mechani caT ol i shi ng  (CWP) before |aser thermal anneal ing such that an

upper surface ft subst i all

surface of t hePdl elhlg‘&tmft“’d ?“&"y‘i“r‘g t()i% o) B¢ cg?pr‘fﬁé?aser El ﬁrmd’ 31'3:"5’\'36? h‘m) " 'H'Q’g "ai m 4,
conpri si n@-}aser thernmal annealing by inpinging a 25 pul sed I aser |ight
beam (30) on the deposited W(202) filling the opening at a radi ant fluence
of about 0.78 5.to0 aihewmethdd. at@rjigud agman@mpiidhg lafdrehernpi haealiag GOredplagng @ cl ai m

9, ©ONPri &l M rhids€bodt IRk MBbut 30M8AK. N (30) to heat the deposited W (202)
filling t he opening to a terrper ature of about 3,000C to about 3, 600C,

ther eby refl OéM ng ’lthe met\{\({dI a@co& (Pneg t9 8%%' Ir,]g)mprlsmg depositing a barrier layer (201) lining the

opening before depositing the W.

7. The method according te claim 1, comprising conducting chemical mechanical polishing
(CMP) after laser thermal annealing such that an upper surface of the W (50) in the opening is

20 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-planar

with an upper surface of the dielectric layer (200).

9. The method according to claim 4, comprising laser thermal annealing by impinging a
25 pulsed Iaser light beam (30) on the deposited W (202) filling the opening at a radiant fluence of about 0.78

to about 1.10 joules/cm>.

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.



