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FIG. 1 (color online). Annealing temperatures at which the
films of thickness N become unstable are indicated by circles
with their averages connected by solid lines (scale to left) [2].
The second discrete derivative of the relative populations for a
thermally roughened film are indicated by triangles connected by
dashed lines (scale to right, reversed) [3].
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Upton et al. Reply: The preceding Comment [1] states that
morphological evolution during film growth and annealing
depends on a number of factors including energetics, ki-
netics, nucleation, etc. We agree. Kinetic constraints can
make global energy minima inaccessible. However, for the
simple case discussed in our Letter concerning the thermal
stability (initial breakup) of atomically uniform films, the
surface energy is an excellent guide, and our analysis
stands correct [2]. Our experiment was designed to avoid
the complicating factors mentioned in the Comment.

A specific point of the Comment is the utility of STM for
studies of complex structural evolution. We agree that
photoemission is not well suited for studies of inhomoge-
neous systems; we did not attempt to study such systems
[2]. Nevertheless, it is interesting to note that the STM and
photoemission results agree qualitatively. Namely, the
even film thicknesses of N � 6 and 8 monolayers (ML)
are more stable than the odd ones of N � 5, 7, and 9.

A second point of the Comment is that films with N � 4
should be stable by straightforward extrapolation, but ex-
periments indicate otherwise. In [2], the experimental re-
sults were compared to a first-principles calculation. Good
agreement was found over the range of N � 5–9, but not
for N � 4. As we explained [2], the discrepancy could be
due to the inaccuracy of the calculation resulting from the
lattice mismatch between Pb and Si.

This is confirmed by a recent x-ray diffraction study of
Pb=Si [3]. Height distributions for thermally roughened
films were analyzed to yield the surface energy. Figure 1
compares the second discrete derivative of a rough film’s
height population, p00

N , to the maximum temperature of film
stability as reported in [2]. A negative p00

N suggests a height
more stable than the adjacent heights, resistant to bifurca-
tion, and should correspond to a higher maximum tem-
perature of stability relative to the neighboring heights. In
Fig. 1 the scale for p00

N is reversed to facilitate comparisons
of the two measurements. There is a good correspondence
in that the slope of each line segment between N and N � 1
has the same sign for both cases. In particular, N � 4
corresponds to an unstable configuration. The quantum
oscillation period in Pb is 2.2 ML [2,3]. The even-odd
oscillation phase can reverse over a sufficiently wide range
in N. This explains why N � 4 appears to be an excep-
tional case.

In addition to the local stability against N ! N � 1
bifurcation, one may need to consider global stability. A
spontaneous phase separation phenomenon was reported in
[4]. There, Pb films were grown on Si�111�-�7� 7� at a
temperature where rapid Pb diffusion leads to the forma-
tion of N � 6 magic-height islands after the completion of
0031-9007=05=94(7)=079702(1)$23.00 07970
a wetting layer. Thus, differences in growth conditions can
indeed affect the final film morphology.
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