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Scaling theory for submonolayer growth of point Islands based on the minimal model

Hisashi NAKAI

Abstract
For the both of Kinetic Monte-Carlo (KMC) and rate equations (RE) based on irreversible sub monolayer

growth of point islands in substrate spatial dimension d = 2,3 and 4 as the limit R — oo, I find that monomer
density N, and island density N have N; = 2-p(16) and N = A'N(20), where R is the ratio of the monomer

diffusion rate to the deposition rate, 6 is coverage and A is the scaling factor determined by the detail of the

system. The function p and N are universal functions independent of R and d, and calculated in the minimal
model for submonolayer epitaxy by Tang [L. -H. Tang, J. Phys. I France 3, 935 (1993)]. As result, 2 = (Ro")!/?

was obtained for the both KMC and RE in d = 2, 3 and 4, where ¢ is the capture number of diffusing monomer.

Finally, for RE in d > 4 as the limit, [ show N; and N have function form as same as the form in d < 4.
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Fig.l Scaled KMC monomer densities R'?N; and
scaled island densities R'2N as function of R'/?6 for
d=2[9] (R =0.25x 107 {; 0.25 x10® ¥¢; 0.25 x 10°
V), d =3[6](R=0.17x10° O; 0.17x107 A; 0.17x10°
(handd = 4 [7] (R = 0.13 x 10° @: 0.13 x 107 A;
0.13x 10° W).
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Fig.2 Scaled KMC monomer densitiy (Rg,)'/>N, and
scaled island density (Rg,)"/?N as function of (Rgy)"/260
(symbols are same as these in Fig.1). Lines are scaling

functions for monomer density p (full line) and island
density N (broken line).
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Fig.3 Comparison between KMC results (symbols)

and the corresponding RE solutions (lines) for the
monomer density N; and island density N as a function
of coverage 6 in d = 2. Symbols are same as these in
Fig.1. Solid and broken line are the solution for N; and
N, respectively.
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