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Energetic particle bombardment 
on surfaces is known to produce 
highly correlated arrays of one-
dimensional (ripples or wires) and 
zero-dimensional (dot) structures 
at the submicron or nanometer-
length scale by a self-organiza-
tion process. This phenomenon 
has demonstrated the potential to 
tailor not only surface morphology 
but also related surface properties, 
such as optical blue shift due to 
quantum coný nement of dots and 
magnetic anisotropy induced by 
rippled structures. We have re-
cently investigated the kinetics of 
ion-bombardment-induced ripple 
formation on sapphire sur-
faces, in particular, smooth-
ing mechanisms in the self-
organization process.

Real-time monitoring of 
sapphire surface evolution 
upon ion bombardment 
are carried out in a ver-
satile in-situ surface x-ray 
facility installed at NSLS 
beamline X21 end station. 
A schematic diagram of the 
experiment is shown in Fig-
ure 1. A grazing incidence 
geometry is employed for 
small angle x-ray scatter-
ing (so-called GISAXS), 
allowing for an enhance-
ment of the near surface 

scattered intensity with respect to 
the bulk one. In this work, a detec-
tor scan of Ŭf with a ý xed Ŭf with a ý xed Ŭf i near 
the critical angle for total external 
reþ ection is performed to obtain 
2D-GISAXS. The constraint of Ŭf Ó f Ó f
0.3Á avoids the specular reþ ected 
x-rays and maximizes the sensitiv-
ity to off-specular diffuse scattering 
patterns. The 2D scans can be ap-
proximately assumed to be Qz vs. 
Qx reciprocal map since Qy is very 
small in this case.

Figure 2 shows real-time GISAXS 
intensities plotted versus parallel 
component of scattering momen-

tum transfer Qx at a constant ver-
tical component Qz = 0.92 nm-1. 
Scans are shown at 10-minute in-
tervals during 45  off-normal inci-
dence 500 eV Ar+ bombardment. At 
time t = 0, the initial roughness of 
the sapphire surface only produces 
a single peak in the diffuse scatter-
ing (circles). Two satellite peaks, 
resulting from lateral correlated 
roughness become visible after 10 
minutes. The ripple wavelength, ?
= 2 / Q, remains almost constant 
during ion irradiation, but the peak 
intensity continues to increase as 
a result of an increase in ripple 
amplitude. It is also clear that the 

two satellite peaks develop 
in an unequal way as irra-
diation proceeds, which can 
be attributed to the onset of 
nonlinear effects of ion beam 
erosion.

Ex-situ AFM images in 
Figure 3 display surface 
morphologies obtained at 
different angles of incidence 
for ion sputtered sapphire. 
Off-normal incidence at 25
produces only micron-scale 
ripples, which are read-
ily visible in the large-scale 
image [Figure 3(b)]. An 
ultra-smooth surface is 
obtained surprisingly at 
small length scale [Figure 
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A study of ripple formation on sapphire surfaces by low-energy 
ion bombardment is presented. Surface characterization by in-situ 
synchrotron grazing incidence small angle x-ray scattering and ex-situ 
atomic force microscopy is performed. We ý nd that the wavelength can 
be varied over a remarkably wide range by changing the ion incidence 
angle. The ion induced viscous þ ow smoothing mechanism follows the 
general trends of the ripple wavelength at low temperature and incidence 
angles larger than 30 . In this model, relaxation is coný ned to a few-nm 
thick damaged surface layer. However, strong smoothing is inferred from 
the observed ripple wavelength near normal incidence.
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