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Abstract The chemical-vapor-deposited(CVD) copper films with 5000 A thicknesses on BPSG (boro-
phosphosilicate glass)/S10./S1 substrates have been annealed by rapid thermal process at 250-5507C for
5-90 s in an argon ambient. Post-annealing behavior of the copper film has been investigated by observ
ing the changes in the crystalline structure, sheet resistance, and surface morphology before and after
thermal annealing. Crystallinity and the (111) texture of the annealed copper film with slight grain
growth were improvements on those of the as-deposited. However, there was no significant betterment of
electrical characteristics due to the surface oxidation of the copper films and the fast diffusion of copper
into the BPSG layer. For all the annealing conditions we concerned there was rio evidence of copper sili
cide phases in the multilayer structures, and the typical high electrical resistivities of the films thermally
treated at 250°C/90 s and 550°C /20 s, were ascribed to the formation of the Cu,Q phase resulting in sur-
face degradation. In summary, we could clarify the process window to post-anneal the CVD-Cu film on

BPSG effeciively by rapid thermal process without accompanying the oxidation layer.
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Fig. 1. Sheet resistance change of the Cu/BPSG/SiO./
Si multilayer as a function of annealing temperature
for 30 s.
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Fig. 2. Sheet resistance change of the Cu/BPSG/Si0./
Si multilayer as a function of annealing time.
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Fig. 3. X-ray diffraction patterns of Cu/BPSG/Si0./Si
multilayers annealed at various conditions: (a)
as-deposited, (b) 250°C for 30 s, (¢) 300°C for 30 s,
(d) 300°C for 90 s, (e) 350°C for 30 s, and (f) 400°C
for 30 s.
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Fig. 4. X-ray intensity ratio of Cu peaks to the Si(400)
peak for the Cu/BPSG/Si0./Si multilayer as a func-

tion of annealing temperature for 30 s.
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Fig. 6. AES spectra of (a) the as-deposited copper film
and AES depth profiles of (b) Cu/BPSG annealed for
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