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Abstract - - The effects of the thermal annealing on the microstructure and the electrical resistivity of
the copper films were studied. Copper film was prepared on TiN substrate by the low pressure chem-
ical vapor deposition (LPCVD) using Cu(hfac)(TMVS) as the precursor at the deposition temperature
hetween 160 and 330 T, and then annealed at 450 C for 30 min. There were two distinct tem-
perature regions, one is the surface reaction limited region, producing smooth surfaced copper film,
and the other is the mass transport limited region which produces rough surfaced film. After an-
nealing, the surfaces of the copper films had tendency to become smooth, and the grain size enlarged
in all deposition temperature regions. However, the deviation of the grain size was increased too
much to improve the EM resistance. The electrical resistivity showed a rapid increase at the de-
position temperature of 200 C. After annealing, the resistivity of the copper film deposited in the sur-
face reaction limited region decreased slightly by the grain growth, but ones deposited in the mass
transport limited region decreased drastically by coalescence of the grains, causing the improvements
of the electrical connections among copper grains.
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Fig. 1. Schematic diagram of CVD system for copper
deposition.
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Fig. 2. The Arrhenius plot of the copper deposition on
TiN at constant total pressure of 0.5 torr.
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Fig. 3. SEM photographs of the copper films deposited at various temperatures: (a) 160 °C, as deposited, (b) 160 T,
after anncaling, (c) 180 T, as deposited. (d) 180 €, after annealing, (e) 200 T, as deposited, (f) 200 T, after an-
nealing, (g) 225 C, as deposited, (h) 225 T, after annealing.
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Fig. 4. Reflectance of the copper films deposited at
various temperatures, as deposited and after annealing.
The wavelength of the incident beam was 600 nm.
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Fig. 5. Plan-view TEM photographs of the copper
films deposited at various temperatures: (a) 160 C, as
deposited, (b) 160 T, after annealing, (c) 180 C, as de-
posited, (d) 180 T, after annealing, (e) 200 C, as de-
posited, (f) 200 C, after annealing, (g) 225 C, as de-
posited, (h) 225 T, after annealing.
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Fig. 6. Grain size of the copper films deposited at vari-
ous temperatures, as deposited and after annealing.
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