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Growth of vapor-deposited Ag films by the coalescence
process in the post-nucleation stage is discussed. During
and after deposition, the amplitude V of surface acoustic
waves (SAW) propagated on the piezoelectric substrate
through the films deposited on it, and the electric sheet re-
sistivity of the films, R., were measured. The microstruc-
tures of films with various thicknesses d were examined
with a scanning electron microscope. As a result, it was
found that (1) the thickness d, at which V reaches a mini-
mum value corresponds to the critical thickness at which
the islands of a film begin to percolate, (2) the thickness
d. at which 1/R., begins to be proportional to the film thick-
ness corresponds to the critical thickness at which the
film becomes two-dimensionally continuous, (3) d, and d.
become larger with decreasing deposition rate, and (4) in
the early coalescence stage (d<d;), the microstructural
change progresses, increasing the average inter-island spac-
ing. From these results, we can conclude that a higher de-
position rate is necessary to suppress the microstructural
change of islands and to allow fabrication of continuous
ultra-thin films.
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Fig. 1 Schematic view of the substrate.
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Fig. 2 Changes in the normalized SAW output volt-
age V/Viia (a) and the sheet resistivity R,, of the
film (b) during deposition as a function of the film
thickness. The deposition rate was 0.5A/s. The de-
finitions of d, and d. are also indicated.
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Fig. 3 SEM images of Ag films with various thick-
nesses: 67A (a), 106A (b), 150A (c), and 250A (d). The
deposition rate was fixed at 0.5A/s. In specimen {d),
the contrast of the secondary electron image was espe-
cially enriched to observe the surface structure of the
homogeneous film.
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Fig. 4 Changes in the critical thicknesses, d; and d,,
as a function of the deposition rate.
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Fig. 5 Changes in the normalized SAW output volt-
age V/Viua (a) and the sheet resistivity R, of the
film (b) during and after deposition. The horizontal
axis indicates the time at which the deposition was
started. The deposition rate was 0.5A/s. Deposition
was stopped after 200s. Dashed curves indicate the
curves expected if the deposition had not been stop-
ed.
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Fig. 6 Changes in the normalized sheet resistivity
R.«/R, after deposition as a function of the time at
which the deposition was stopped. The deposition
rates were 25A/s (a), 0.5A/s (b), and 0.1A/s (c), re-
spectively.

Fig. 7 SEM images of 100-A-thick Ag films, con-
tinuosly deposited at deposition rates of 25A/s (a)
and 0.1A/s (c), and intermediately deposited (b). Speci-
men (b) was deposited by repeating the following pro-
cedure 20 times: deposit for 2 s at 25A /s, then rest for
48 s.
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