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Asymptotic analysis for cumulative local size for one-dimensional
submonolayer growth

Hisashi NAKAI

Abstract

By dimensional analysis, it is confirmed that a cumulative local size x, for one-dimentional irreversible sub-
monolayer growth of point islands [J. G. Amar and M. N. Popescu, Surf. Sci. 419, 239 (2001)] is expressed by
a function of scaled gap length Y and dimensionless deposition time R'/30, where R is the ratio of the monomer
diffusion rate to the deposition rate and 6 is coverage. Using asymptotic analysis for x, as the limit R — oo, I
show that x,/s,, = I = 1/B f;y u® tanh (YBu~“) du, where B is a certain monotonically decreasing function of
the variable R'/36, @ is dynamical exponent of nucleation length and s,, is average size. At both of the numerical
result of x,/s,, and the approximate analytical evaluation for the integral / with Taylor expansion in Y B for the
integrand, correction term for ¥ — ¥~3( or limit of x,/s,, as R — o0) is shown to be proportional to (R'/36)73/4,
and the analytical evaluation is in good agreement with the numerical result in R'/39 > 400. Finally, I find

another evaluation for I with the expansion in @ to improve the deviation in 100 < R'/39 < 400.

Keywords: dimensional analysis, asymptotic analysis, irreversible submonolayer growth of point islands.
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Fig.l Scaled KMC monomer density RN, and is-

land density R'/*N as function of R'/3¢ for three values
of R (0.5 x 10° O; 0.5 x 10° x;0.5x 107 A) [6]. Lines
are numerical solutions of the reduced rate equations for
scaled monomer density p; (full line) and scaled island
density p (broken line).
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Fig4 Asymptotic solution ®, from Eq.(38) (solid line)
calculated using Taylor expansion tanhz =~ z — z*/3 for
the integrand along with the corresponding numerical re-
sults from Fig.2 (symbols). Lines are analytical solution
from @, with various deposition time.
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Fig.6 Scaled nucleation time 7,/T versus Y for six de-
position times (symbols are same as these in Fig.2).
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