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Scaling analysis for submonolayer growth of point islands based on Widom scaling law

Hisashi NAKAI

Abstract

I found new scaling law for island-size distribution (ISD) of a point-island model of irreversible nucleation
and growth through Widom scaling used for analysis of critical phenomena. Entire families of curves depending
on R for the ISD results of kinetic Monte Carlo simulations by Amar’s group in spatial dimension d = 2,3 and
4 were analyzed based on the new scaling law, where R is the ratio of the monomer diffusion constant to the
deposition rate. As the analysis result, peak exponent ¢, shift exponent v, scaled Bartelt-Evans singular point S .
and scaling function ®, were obtained. Finally, phenomenological and universal features of the scaling function
were discussed.
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Fig.1 Scaled KMC island-size distribution s2, N,/ as
function of s/s,, for d = 4 [8](R = 10°/8; +,107/8; A,
10°/8; M, and 10'°/8;»). Broken line is Bartelt-Evans
(B-E) singularity curve, (4 X 3/2)712(s/s, — 3/2)712.
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Table 1 Scaling parameters for ISD.
d S. ¢ b% a B Scaling plot KMC Data

4 32 112 16 14 12 Fig. 2 (8]

3 155 118 19 1/6 173 Fig. 4 [9]

2 165 1/48 124 1/16 1/8 Fig. 6 [4]
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Fig.3 Scaled KMC island-size distributions s2,N,/6 as
function of s/s, for d = 3 [9](R = 10°/6; X, 107/6;
A, and 10°/6; [J). Broken line is B-E singularity curve,
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Fig.7 Scaled KMC island-size distribution Ayw = Ays2 N,/(6R"?) for d = 4 (black), 3 (green) and A,w =
Ays2,N/[6(0°R)Y/?] for d = 2 (red) as function of Bjju = BJR?[s/s.w — S¢] and BJu = B} (6*R)"[s/s0 — S,
respectively, where Ay, and By, are metric factors (A3 = 0.71, Byz = 0.51, A4, = 0.54, and By, = 0.30 ) with which

the two scaling functions @, and @, are equal as P4(X) = A4yD,(B4yX). Symbols are same as these in Fig 1, 3, and 5.
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