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= = Sputtering #4-g %3 Si 1% o) Tigk TiN =& 2Fst3 gt vk o4 Cul(hfac)(TMVS)E precur-
sorZ AH- MOCVD Cu utehg F3tste] Cu/TiN/Ti/Si 729 ohitehg Azstga oo cigh dAe] w4 9l 3-417] ¥5 &
< B3 g8 270 g Cu 2ute) B4 st &l AL dAe] o2 Cu g 34T F F7] Foll =& 0]
glo} ul2 dxg)sle] Cu AEHE A4S JAF 5 & in-situ D7) WA]o] felstx, dxje] 47|12+ Cu the] FHo
AAGA ol EA5tE Cu AHZE S BUAA & 5 e Ho(10%)/Ar £51717F 2igstsl, 249 =27 571 9 wjAg 32
o)A 48 549 Cu whehg dg 5 AU sty

Abstract The Cu film was deposited on sputter deposited TiN/Ti/Si substrate in a low-pressure reactor using Cu
(hfac) TMVS) as the precursor. The deposited films were annealed by various annealing methods(post anneal, in-situ
anneal), and ambients(Ar, H.(10%)/Ar). The changes of the properties of the Cu film was investigated. The in-situ
annealing was more ¢ffective than the post annealing in regard to the suppression of Cu oxide formation. H,(10%)/Ar
was more effective than Ar as an ambient gas for the post annealing of Cu films because H, enabled the reduction of
Cu oxide on the Cu surface and in the grain boundary, causing larger grain size, smoother surface, hence resulting in

lower electrical resistivity of the annealed film.
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Table 1. Grain sizes and electrical resistivities of MOCVD-copper films in terms of annealing methods.

Annealing condition Grain sizes(nm) Resistivity(uQ - cm)
g Mean value Standard deviation Mean value Standard deviation
As deposited 122 55.9 2.35 0.047

After pc?stjanneahng at'450 C 213 105.2 295 0,052
for 30min in an He ambient

P p 507
After mh 51Fu annealing ?t 450°C 232 5.6 208 0,041
for 30 min in an He ambient
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Fig. 1. SEM photographs of the copper films: (a) as deposited,
(b) post-annealed, and (c) in-situ annealed at 450°C for 30 min
in He ambient; the thickness of copper films was 600 nm.
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Fig. 2. Plan-view TEM photographs of the copper films: (a) as
deposited, (b) post-annealed, and (c¢) in-situ annealed at 450°C
for 30 min in He ambient; the thickness of copper films was
600 nm.
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Fig. 3. Dependence of free energy on temperature for copper

oxidation and reduction. Oxidation: (1) 4Cu+ 0.=2Cu.0, (2)

2Cu+0,=2Cu0, (3) 6Cu+ H.0+0,=3Cu,0+H,, and (4) 4Cu+

2H.0+0.=4Cu0O+ 2H.. Reduction: (5) Cu.0+H,=2Cu+H.0

and (6) CuO+ H,=Cu+ H:0.
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Fig. 4. SEM photographs of the copper films: (a) as deposit-
ed; annealed at 450 C for 30 min in (b) an Ar ambient, and
(c) an H.(10%)/Ar ambient; the thickness of copper films
was 600 nm.
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Table 2. Grain sizes and electrical resistivities of MOCVD-copper films in terms of annealing ambients.

Annealing condition Grain sizes(nm) Resistivity( uQ - cm)
g Mean value Standard deviation Mean value Standard deviation
As deposited 122 55.9 2.35 0.047
After annealing at 450C 203 86.2 230 0.046
for 30min in an Ar ambient
After annealing at 450°C for
30 min in an H,(10%)/ Ar ambient 219 93.9 212 0.042
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Fig. 5. Plan-view TEM photographs of the copper films: (a) as
deposited; annealed at 450°C for 30 min in (b) an Ar ambient,
and (c) an H,(10%)/Ar ambient; the thickness of copper films
was 600 nm.
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Fig. 6. XRD patterns of the copper films annealed at 450°C for
30 min in various ambient.
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Fig. 7. XPS Cu 2P spectra of the copper films annealed in (a)
Ar ambient annealed Cu(as-received state), (b) Hx10%)/Ar
ambient annealed Cu(as-received state), (c) as-dep. Cu after
30 nm sputtering.
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