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First evidence for discontinuous ion tracks in single-
crystalline Si0.5Ge0.5 alloy layers has recently been found
using 1.3 GeV U238 projectiles of electronic stopping power
Se = 33.8 keV/nm [1]. Here, we report observations con-
cerning track formation and the velocity effect [2] in SiGe
alloys. Near the Se threshold for track formation, tracks are
discontinuous and the morphology can be used as sensitive
tool to demonstrate the velocity effect.
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Fig. 1. Electronic energy loss Se versus beam energy for
U ions on Si0.5Ge0.5 alloy as calculated by TRIM 95 [3]. The
ion velocities of different experiments (2.64 GeV (4.27x107

m/s), 1.36 GeV (3.31x107 m/s), and 0.8 GeV (2.52x107

m/s)) vary by a factor of two, whereas Se is almost constant.

As samples, we used 2-µm thick strain-relaxed epitaxial
Si0.5Ge0.5 layers grown by molecular-beam epitaxy on com-
positional graded buffers on (001) Si wafers [1]. The crys-
talline structure of such epitaxial layers has a high quality
and contains only few threading dislocations (105–106 cm-2).
The irradiations were performed at room temperature with
5x1010 cm-2 238U ions of different velocities (energies) but
almost equal electronic stopping powers (see Fig. 1). The
beam flux was around 2×108 cm-2 s-1. To decrease the initial
beam energy from 2.64 GeV to 1.3 and 0.8 GeV, some of
the samples were covered with Al foils of thickness 47 and
67 � m, respectively. The irradiated samples were investi-
gated by transmission electron microscopy in plan-view
(PVTEM) and in cross-section (XTEM) geometry with a
Philips CM20 microscope operating at 200 kV.

Fig. 2 a-c shows the bright-field PVTEM images of sam-
ples irradiated at different beam energies. All samples ex-
hibit black dot-like spots well resolved and of average size ~
3-10 nm. They are invisible or have a weak contrast in most
conditions of the two-beam bright-field imaging. Maximum
image contrast is obtained at large deviation from the Bragg
conditions. Both the density and the morphology of the dots
strongly depend on the velocity of the projectiles as clearly
seen when comparing the TEM images in Fig. 2 a–c. At
highest ion energy (2.64 GeV, no degrader), less than 2x109

dots per cm2 are created (Fig. 2 a). The dots are randomly
distributed within the surface layer. For lower beam ener-
gies, the dot density increases drastically to about 5x1010

cm-2 for 1.36 GeV U-ions (Fig. 2 b) and to about 7x1010cm-2

for 0.8 GeV (Fig. 2 c). An even more important effect at
reduced ion velocities is the clear tendency of the dots to
form rows, which typically denotes the first stage of track
creation [2].

The TEM image of the sample irradiated with 1.36 GeV
U projectiles (Fig. 2 b), shows about 6.5x109 dotted tracks
per cm2 containing approximately 40% of the total number
of dots. The sample irradiated with 0.8 GeV U projectiles
contains about 1.3x1010 dotted tracks per cm2, thus com-
prising more than 70% of all dots (Fig. 2 c).

Fig. 2 d presents the dark-field image of an 0.8-GeV ion-
irradiated sample (lowest-velocity) giving clear evidence
that a large share of the dots in the tracks are dislocation
loops (DLs) of size 5 - 10 nm. The density of DLs is about
(1-2)x1010 cm-2 in a ~0.5 � m thick layer. The fraction of the
DLs is about 20-40% of the total number of dots. In agree-
ment with our recent findings, the other dots are supposed to
be clusters of point defects. The quality of the crystal lattice
reconstructed during the melt solidification seems to be a
critical parameter during track formation [1].

Fig. 2. (a-c) Bright-field PVTEM images of Si0.5Ge0.5 alloy
layers irradiated with U ions of different energy (same mag-
nification): (a) 2.64 GeV, (b) 1.36 GeV, (c) 0.8 GeV. Both
insets exhibit magnified tracks. (d) Dark-field weak-beam
TEM image of sample shown in (c) with double-arc features
(see arrows) ascribed to dislocation loops.
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