
Comment on ‘‘Kinetic Roughening of Ion-Sputtered
Pd(001) Surface: Beyond the Kuramoto-Sivashinsky
Model’’

Recently, Kim et al. [1] studied experimentally and
theoretically kinetic roughening of Pd(001) surfaces
eroded by ion-beam sputtering (IBS), in which large-scale
roughness coexists with submicrometric moundlike struc-
tures. To describe properties of the surface height h�x; t�,
the following stochastic equation is proposed in [1]:
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generalizing previous models of erosion by IBS [2,3]
through appearance of the �2r

2�rh�2 term. Unfortu-
nately, the application of Eq. (1) to the experiments
in [1] is hampered by mathematical and physical
inconsistencies:

(i) By extending previous perturbative approaches [2,3]
to a higher order, the authors obtain �2 as the following
function of ion penetration length (a) and cascading sizes
in transverse (�) and longitudinal (�) directions:

�2 � �2=2� �3=8���=��4��2 � a2�: (2)

Equation (1) is linearly unstable for a band of Fourier
modes hk�t�. If �1 and �2 have the same signs, the corre-
sponding terms cancel each other in the time evolution of
the Fourier mode hkc

�t� with kc � ��1=�2�
1=2. If kc lies

within the unstable band, this Fourier mode becomes non-
linearly unstable, and the continuum description breaks
down [4]. Since moundlike patterns are observed in [1],
necessarily [5] �1 > 0, thus requiring �2 < 0 for mathe-
matical well-posedness. Using that [3,5]

�1 � �f�2=2a2��a2=�2 � a4=�4 � a2=�2�; (3)

with f a positive constant, it is straightforward to see that
such condition is unattainable; namely, Eqs. (2) and (3)
take the same signs for any choice of parameters a, �, and
�. Using the absolute values [6] of �1, �2 as reported on
Table I in [1], 1=kc is in the range 5 Å to 10 Å; hence, the
nonlinearly unstable mode hkc

�t� occurs in the experiments
in [1], and Eq. (1) breaks down as a continuum description
of this physical system.

(ii) For the three values of the average ion energy "
studied in [1], �1 is reported to be negative, as computed by
the TRIM package. As shown in [5] and confirmed by
numerical integration of Eq. (1), this would lead to pro-
duction of holes, rather than the observed mounds [1].
Thus, for parameters of Table I, Eq. (1) does not produce
the type of morphologies found experimentally.

(iii) Finally, the authors argue that the experimental
exponents are in good agreement with those of the con-
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served Kardar-Parisi-Zhang (CKPZ) equation (1) with � �
�1 � 0, namely [7], � ’ 2=3, � ’ 0:2, and 1=z ’ 10=3.
Although this value of � agrees with the one reported, such
is not the case for � or 1=z. E.g., for " � 0:5 keV, the
observed values are �exp ’ 1, z�1

exp ’ �exp ’ 0:2. It is
stressed in [1] that � must be close to 1 due to the mound-
like structures formed, and then � � �=z � 1=z, but this
property does not hold for the CKPZ equation, nor does it
for Eq. (1), as can be checked by numerical integration
using parameters in [1].

In summary, Eq. (1), as derived within the approxima-
tions in [1–3], is not a well-defined continuum description
of the experiments in [1]. Further morphological analysis
in [1] is hampered by physical inconsistencies. Recently, a
related equation has been derived to describe nanopattern-
ing by IBS [8]. However, to achieve a mathematically
consistent framework, additional physical mechanisms
are needed over those previously considered [1–3].
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and Grupo Interdisciplinar de Sistemas Complejos (GISC)
Universidad Carlos III de Madrid
Avenida de la Universidad 30
E-28911 Leganés, Spain

  
DOI: 10.1103/PhysRevLett.94.139601
PACS numbers: 68.55.–a, 05.45.–a, 64.60.Cn, 79.20.Rf
1-1
[1] T. C. Kim, et al., Phys. Rev. Lett. 92, 246104 (2004).
[2] R. M. Bradley and J. M. E. Harper, J. Vac. Sci. Technol. A

6, 2390 (1988).
[3] R. Cuerno and A.-L. Barabási, Phys. Rev. Lett. 74, 4746

(1995); M. Makeev, R. Cuerno, and A.-L. Barabási, Nucl.
Instrum. Methods Phys. Res., Sect. B 197, 185 (2002).

[4] M. Raible, S. J. Linz, and P. Hänggi, Phys. Rev. E 64,
031506 (2001).

[5] B. Kahng, H. Jeong, and A.-L. Barabási, Appl. Phys. Lett.
78, 805 (2001).

[6] Although inconsistent with Eqs. (2) and (3), coefficients
�1, �2 are reported on Table I in [1] as having opposite
signs.

[7] A.-L. Barabási and H. E. Stanley, Fractal Concepts in
Surface Growth (Cambridge University Press,
Cambridge, England 1995).

[8] M. Castro, R. Cuerno, L. Vazquez, and R. Gago, Phys.
Rev. Lett. 94, 016102 (2005).
 2005 The American Physical Society

1

Nota adhesiva
Published in: Physical Review Letters 94, 139601 (2005)




