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Crystalline and amorphous GaSb surfaces are compared concerning their response to sputter erosion
with low energy AF ions under normal incidence. We show that the formation of regular
nanostructures on GaSb is basically independent of whether the initial material is crystalline or
amorphous. The similarity in the temporal and spatial evolution demonstrates that the dynamics of
the morphology evolution is entirely controlled by a thin amorphous surface I

The large potential of nanoelectronics has stimulated gh ) A(6) 5 s
much effort to find new methods for the parallel processing 7y = ~ Vot #V h+ T(Vh) +DV4(V<h)
of nanostructures. Promising techniques, like Stranski—
Krastanov growth of semiconductor heterostructtirasd + (XY, 1)
self-assembly of semiconductor nanocrystals by colloid ) . ] )
chemistr)? have been exploited. Recently, during the erosionWhereh(X’_y) IS the.surf_ace he“'ght fqnctlomo is the CF’”' .,
of semiconductor and metal surfaces by ion sputtering, gtant erosion velocityy is the “negative surface tension,

self-organizing mechanism has been discovered leading t)b(a) is a nonlinear coefficient attributed to the tilt dependent

: . . sputter yield withé the tilt angle,D is the thermal or ion
regular patterns of structures with dimensions of some tens R .
induced surface diffusion, angl denotes a noise term, that

4
of nanometers:* These surface structures can form qu"’lmumdescribes the stochastic character of the sputtering process.

dots V‘_"th a high aspect ratio gnd arg th.erefore partlcularlyl-his continuum equation represents an approximation to the
attractive for quantum electronic applications. ~ surface dynamics because higher order derivatives are not

The appearance of periodic ripple patterns on semiconsgnsidered. The effect of additional higher order terms in Eq.
ductor and metal surfaces bombarded with ions urafer (1) is pelieved to be mind® The microscopic model adopted
norma”ncidence haS been knOWn for a |0ng tIIEhEl Certain for the interpretation of the Coefﬁcients in qu) is the
metals and IlI-V semiconductors these ripple patterns transsurface instability caused by the inhomogeneous deposition
form into hexagonally ordered isolated nanostructures undegf the ion energy into the surfaé! In this picture the co-
normal incidence sputterint:®~8Up to now these observa- efficients of Eq.(1), vy, », D, and \ are determined by
tions have only been made in crystalline materials. The maiensemble averages of the microscopic parameters of the dis-
points addressed in this letter concéinthe comparison of tribution of the energy deposited by the ions. The negative
the pattern evolution from initially crystallinee-GaSh and  surface tension originates from the curvature dependence
amorphous GaSha-GaSh targets andii) the microscopic  Of the sputtering yield, which is proportional to the total
structure of the patterned surface. We find that the surfacgnergy deposited and therefore higher in the valleys than on
dot patterns generated are independent of the crystallinity ghe hills. A stability analysis reveals that a narrow wave-
the initial material surface. This independence is explained®ndth range centered Bt=2my2D/|v| is amplified out of

by the decisive role of a thin amorphous layer that formsthe spectrum of the initial surface roughness, driving the sur-

during the very first seconds of the sputtering process. Bel@c€ {0 arippled morphology in the anisotropic céslique

sides the fundamental insight into the sputtering process O‘Emdence and to a hexagonal arrangement of regular dots in

semiconductor surfaces, the structuring of amorphous Iaye|I € |sotrop|c cgsejormal g”g"dence or rotation of the sample
under oblique incidengg®

deposited on arbitrary materials provides a technologically The experimental setup used in the ion sputtering experi-

attrasctt 'Vi m(:’.thOd ?.f surface tpanostruct(;mlngr.] b int ments consists of a sputtered neutral mass spectrometer. The
ochastic nonlinéar continuum models have been N0 -+ 5,5 sed for the sputtering are generated in an electron

duced to explain the temporal and spatial evolution of nanos(:yclotron resonance plasma, and are extracted directly from

cale surface patterns during ion sputtefing the plasma to the sample surface at normal incidence. The
ion energy is varied from 100 to 1800 eV, with a typical ion
aEectronic mail: facsko@iht-ii.rwth-aachen.de flux of 1xX10**cm 2s 1. During the continuous sputtering
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FIG. 1. Scanning electron micrographs of dot patterns on GaSb fil@sthk initial layer isc-GaSk100), 1(b) the initial layer isc-GaSk111), 1(c) the initial
layer is amorphous GaSh deposited ofi&l). The patterns are created at an"Aon energy of 500 eV, an ion flux of210'°cm=2 s71, and an erosion time
of 200 s.

the sample mounting is cooled by water, keeping the samplgon microscop¢SEM) image of the pattern developed in the
temperature below 100 °C. case ofc-GaSK100 is shown as a typical example for a
The c-GaSb samples, that were used in the sputterin@00 s exposure at 500 eV ion energy. The patterns are cov-
experiments, are commercial GaSb wafers with0) and ered by an amorphous GaSb layer, whose thickness of 2 nm
(112 orientation. Prior to sputtering they are rinsed in etha-has been determined by cross-sectional transmission electron
nol. Additionally, stoichiometric amorphous GaSb films weremicroscopy’ Auger electron spectroscopy of the sputtered
deposited from a GaSb target on(Hil) wafers in a magne- surfaces reveals a Ga enrichment in the first 2—3 nm. The
tron sputtering chamber at a substrate temperature of 25 °@eight and diameter of the dot structures depend principally
The thickness of thex-GaSb films was 560 nm. The base on ion energy and are 15—-80 nm in the energy range consid-
pressure of the sputtering system was x 10 °Pa and the ered heré€.
distance between substrate and target 8 cm. Argon was used We propose that the pattern formation and evolution de-
for sputtering the GaSb targ@purity 99.9% in dc mode. pend entirely on the properties of the thin amorphous layer
The resulting growth rate at an applied power of 14 W wasformed during sputtering. Hence the coefficients in Eq,
0.2 nmst The amorphous structure of the deposited filmsy, D, and A(6) should reflect the microscopic nature of the
was verified by coherent phonon spectrosctipy. sputtering process in the amorphous layer solely. Thus, con-
The sputter process relevant to the formation of dot pattrary to the case of metals, the symmetry of the dot pattern in
terns on GaSb surfaces is confined to the subsurface volum&aSb and other I11-V compounds should appear completely
where the ions deposit their energy. In the low energy rangedecoupled from the symmetry of the crystalline surfdte.
considered herél00—-1800 eV, this interaction layer is be- The validity of this picture is confirmed by the comparison
tween 1 and 4 nm in thickness as predicted by Monte Carl@f dot patterns formed 0100 and (111) GaSb surfaces,
simulations with transport of ions in mattéFRIM).2® The  which exhibit identical patterns after 200 s sputtering with
formation from initially crystalline surfaces starts with sig- 500 eV Ar" ions, as shown in Figs.(@ and 1Db).
nificant changes in the surface stoichiometry due to prefer-  This result is further corroborated by ion-induced forma-
ential sputtering, followed by a rapid amorphization drivention of hexagonal patterns on initially amorphous films de-
by defect generation. At an ion flux density of'¢ém 2?s* posited on arbitrary substrates. We investigateg@aSh films
these two steps occur in the first second of the sputteringn Si111) with a thickness of 560 nm. In Fig.(d) the pat-
process. The amorphization of semiconductors reaches tarn formed ona-GaSb under identical experimental condi-
saturation at an ion dose of 1x8.0'°cm™? (estimated from tions is shown for comparison with the pattern formed on
experimental data on Si and GaAs surfdéesmd defect gen- c-GaSh. The sputtering time for removal of theGaSb film
eration rates by TRINP). In our experiments this translates at these conditions is 310 s. There is a close resemblance
to an amorphization time smaller than 1 s. The saturatiometween the SEM pictures of the dot patterns. The striking
fluence for compositional changes due to pure preferentiaimilarity proves conclusively that the pattern formation is
sputtering is of the order of210°cm™2, too, i.e., the re- defined by a thin amorphous GaSb surface layer, which in
moval of 1 ML by the sputtering proce$3During erosion the case ofa-GaSb is amorphous from the beginning,
there is a continuous transfer from thestate to thew state  whereas in the case 6fGaSh100 and(111) is formed be-
whose reaction time constant is by far less than that of théore the pattern formation starts. Similar results are obtained
erosion. As the erosion proceeds with a rate of 1.8 nm/s that other energies in the range of 100 to 1800 eV with the
hexagonally ordered dot pattern is formed within 20 s at arsputtering times adjusted to give the same thickness of
ion energy of 500 eV, evolving into a steady-state topograeroded material.
phy after approximately 2007sln Fig. 1(a) a scanning elec- In conclusion, we observed the independence of the pat-
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