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Transmission Electron Microscopy (TEM) and Atomic Force Microscopy
(AFM) have been used to study radiation effects in 200 MeV Au ion-irradiated
InP. The observations reveal the presence of individual latent tracks of
intermittent nature about 5-10 nm in diameter.

1. Introduction
Swift heavy ions with energies ~ E ≥ 1 MeV/amu penetrating into a solid lose energy

ΔE ≥ 10 keV/nm during short times t < 10-16 seconds, within a small cylindrical volume of
material surrounding the ion trajectory. More than 90% of the energy loss of such projectiles
is due to electronic excitations (inelastic collisions). Subsequent energy and momentum
transfer to the electrons and ion systems of the lattice often creates a trail of permanent
material damage (point/cluster defects, phase transformation, amorphization) along the ion’s
trajectory.

Probing the track structure is not only of academic interest. Ion-track engineering may
be developed to a stage allowing controlled fabrication of track-structured nano-components
for semiconductor electrical and mechanical devices [1].

The purpose of the present investigation is to observe the defects created in the wake of
200 MeV Au ions in the technologically important III-V semiconductor InP.

2. Experimental
Electron-transparent InP single crystals and 0.5 mm thickness samples cleaved from a

polished (001) InP  wafer were irradiated with 200 MeV Au ions in normal incidence at 300
K in the 14 UD Pelletron of the Australian National University. To minimize the beam
heating effects the ion flux was kept around 6.2 x 109 ion/cm2/sec. The working vacuum
inside the irradiation chamber was 10-6 Torr. The fluences ranged from 5 x 1010 to 1 x 1014

ion/cm2.
To facilitate accurate dosimetry for low fluences (< 5 x 1012 ion/cm2), thin crystallites of

MoO3 prepared by combustion of pure Mo metal in air, and deposited on standard C coated
Cu grids were irradiated simultaneously with the pre-thinned InP samples. This material
shows one track/hole per incident particle and provides an accurate micro-solid state detector
for the exact fluence calibration in the low dose ranges where the fluence can be accurately
measured by counting the number of the nano-holes observed in the electron micrographs.

Transmission Electron Microscopy (TEM) both in conventional and high resolution,
Electron Diffraction and Atomic Force Microscopy (AFM) in contact mode were used as
diagnostic techniques to investigate the post-irradiation structures.

3. Results and discussion
Tracks were observed mostly with a regular intermittent structure (Figure 1).



Figure 1. TEM diffraction contrast image of
a typical ensemble of tracks showing uniform
intermittent structure. The lengths of the sides
of the figure are 200 nm.

The rate of high electronic energy deposition of 200 MeV Au ions over distances in which
InP is electron-transparent (~ 100-200 nm) can be considered almost constant along the
observed track structure. This suggests that the basic registration phenomenon for explaining
the observed intermittent nature is not due to charge fluctuation processes as proposed for
track formation in InP [2]. Atomic defect rearrangement processes are more likely in the
aftermath and quench of a complex ‘compound spike’ mechanism [3].

There is a one-to-one correspondence between fluences and track density which precludes
any predamaging condition for track formation as suggested by Komarov et al. in InP [4].

         (a)        (b)

Figure 2(a) Tracks in InP (5x1010 ion/cm2) exhibiting strong TEM phase contrast, delineating
a sharp boundary between the induced disorder and the surrounding unperturbed matrix.
Track widths are ~ 10 nm. (b) MoO3 sample, irradiated simultaneously with the InP sample,
in which the tracks are simple holes. The lengths of the sides of the figures are 100 nm.

High Resolution Electron Microscopy (Figure 3) shows that there is no evidence for
amorphization in individual track cores. The observed continuing lattice fringes visible
‘inside’ the tracks points to some recrystallization during target recovery after the ‘compound
spike’ [3]. This is clear evidence for some crystalline recovery of the core region of an
individual track, which must be by homoepitaxial regrowth.

Figure 3. High Resolution TEM phase
contrast image along the <110> crystal axis.
The lattice structure (phase grating
approximation) appears to continue without
much visible distortion across the tracks (core
diameter ~ 5nm), suggesting at least partial
recrystallization. The lengths of the sides of
the figure are 20 nm.

The tracks were found to be very sensitive to the imaging electron beam in TEM. They



fade and anneal out even under a well spread 200 keV beam at liquid nitrogen temperature
and the crystallinity is restored, as was observed by HREM, suggesting a role of defect
motion activated by electron beam interactions.

The surface topography due to the high electronic deposition of the 200 MeV Au ions,
was examined by AFM for the whole range of the investigated fluences, and the root-mean-
square surface roughnesses were measured using the Nanoscope software supplied with the
AFM instrument. At fluences sufficient to cause complete surface amorphization (multiple
track overlap), as confirmed by TEM, the surface roughness increases dramatically. For high
fluences (~ 5 x 1013 ion/cm2) the surfaces develop a morphology comprising multiple
overlapping cones with roughly the same semi-angle α/2 shown in Figure 4. This surface
effect was also confirmed by TEM observation of the corresponding irradiated TEM sample.
The cuneiform surface morphology of high-fluence irradiated InP crystals with amorphous
surfaces can be ascribed to a gentle steering of incident ions which minimizes energy losses at
a semi-conical-angle α/2 which is proportional to E-1/2, where E is the ion energy [6].

Figure 4. AFM image; 500 x 500 nm2 scan
areas of 1 x 1 014 ion/cm2 irradiated (001)
sample. The structure develops from the
relatively smooth original crystalline surface
to one which is totally amorphous. There are
clear conical structures.

Figure 5. AFM measurements of r.m.s.
surface roughness (in nm) of the irradiated
surface of an InP crystal as a function of the
fluence of 200 MeV Au ions. Significant
amorphization starts at fluences > 1013

ion/cm2. (a) This work, (b) Results of
reference [7] for 100 MeV Au irradiation.
The roughnesses shown at a fluence of 1010

ion/cm2 are the roughness of the pristine
samples.

4. Conclusions
Each 200 MeV ion registers a latent track without any need of pre-damage or lattice
modification for track registration.  The tracks do not appear to be amorphous in nature, and
the complete surface amorphization may proceed by the overlapping of tracks.
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