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Sputtering and Implantation of VV-6025X Surface

with Slow Heavy Ions Monitored with PIXE
M. Antoszewska∗, J. Balcerski, R. Brzozowski, K. Dolecki, E. Fr¡tczak,

T. Gwizdaªªa, B. Pawªowski, M. Moneta
University of �ód¹, Faculty of Physics and Applied Informatics, Pomorska 149, 90-236 �ód¹, Poland

In this work the characteristic radiation, emitted during interaction of medium energy (200 keV) ambient heavy
ions (Ar) with Fe4Co66Si12B14Nb1Mo2Cu1 (VV-6025X) amorphous alloy, was measured in grazing incident-exit
angle geometry and in time sequence, in order to determine dynamics of formation of subsurface region, damaged
through implantation, sputtering and interface mixing. It was shown that structure and composition of surface is
unstable against heavy ions irradiation due to preferential sputtering and implantation of ions, and recoils, and
that the dynamics of such modi�cation can be monitored in-situ with particle induced X-ray emission (PIXE)
method.
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1. Introduction

Impact of heavy ions (HI) on surface of multi-
component material results in implantation of beam ions,
preferential sputtering of surface elements and selective
implantation of recoils, thus changing the initial composi-
tion of the surface [1]. Extensive kinematic mixing of the
surface and interfaces, combined with local thermal heat-
ing, caused by the energy deposited in the surface by the
stopping HI [2], can be observed. These phenomena de-
termine structural transformations of the materials and
in�uence their electric and magnetic properties [3�5].
Particle Induced X-rays Emission (PIXE) is one of the

methods which can give an insight into these processes
[6�8]. It is based on the analysis of characteristic X-rays
emitted during the impact of HI with the surface, which
provide not only fundamental information on atomic ex-
citation and further recombination processes, but can
also give practical information on elemental composition
and dynamics of restructuration of the �lms and subsur-
face region, measured at the time of irradiation [7�8].
Because PIXE is accompanied and superimposed by

continuous radiation coming from accelerated electrons
and by other recombination and emission processes, the
grazing incidence-exit geometry was used in order to sup-
press bremsstrahlung and the response from the deeper
regions.
We show how to use PIXE to determine the dynamics

of composition change for multicomponent amorphous al-
loys, subjected to prolonged irradiation with ambient HI.

2. Experimental setup

The Ar ions beams were accelerated by 300 kV
Cockroft-Walton accelerator of the Department of Solid
State Physics to an energy of 230 keV. After leaving the
acceleration tube, the beam was magnetically analyzed.
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Ion beam current density on the sample, measured by
the Faraday cup, was about 0.5 µA/cm2. 20 µm thick
6025X foils, after surface cleaning with Ar ion sputter-
ing, were transferred through air to reaction chamber of
10−6 hPa, �xed on LN2 cryostat and irradiated with Ar
ions at various doses. Targets were mounted on a two
axis goniometer in double alignment geometry: the in-
cident grazing angle was �xed at at ϕin < 5◦ and the
exit grazing angle was �xed at ϕout < 5◦, after prelimi-
nary measurements minimizing the signal from Si back-
ground. Ions RBS-scattered from the surface were reg-
istered at 90◦ o� the ion beam direction by a Si(Li) de-
tector, cooled down to ca -70 ◦C. PIXE X-rays spec-
tra, emitted at 90◦ o� ion beam direction, were mea-
sured with Amptek SDD spectrometer [9] (active area
25 mm2, fwhm=120 eV@6.4 keV), placed behind a 25 µm
kapton window and de-convoluted with XRF-FP and
GuPIX [9, 10].

3. Results and discussion

Simulations of the experiment, performed with
SRIM [11] showed for instance, that in the grazing in-
cidence geometry, a 250 keV Ar ion can sputter about
30 Fe atoms (and the same amount of Au atoms). About
55% of incident Ar ions are scattered back above the Fe
surface.
If an incident �uence of 1015 Ar/cm2 at ϕin = 5◦ is

assumed, a 3 nm thick layer will be sputtered from the
Fe surface.
This should be compared with penetration depth of

40 nm and projected range of 100 nm of Ar ions in Fe.
This means that in this geometry the measured radiation
is emitted mainly from the excited target atoms, leaving
the surface, and from the incident ions backscattered in
an excited state. The remaining part of incident ions,
travelling in surface layer and initializing cascades, excite
atoms in the topmost thin �lms. Radiation from deeper
layers and substrate should be fairly suppressed.
In order to apply PIXE to analysis of selective sput-

tering of multicomponent surface, subjected to pro-
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Fig. 1. PIXE spectra emitted from VV-6025X, irra-
diated with 250/200/100 keV Ar ions and XRF spec-
trum induced by 122 keV γ-radiation from 57Co. SDD
spectrometer, resolution 120 eV/6.4 keV.

Fig. 2. Intensity of kα X-rays from PIXE spectra,
shown in Fig.(1), as functions of the implanted Ar dose.

longed irradiation with heavy ions, the characteristic X-
ray spectra of elements contained in amorphous alloy
Fe4Co66Si12B14Nb1Mo2Cu1 were measured in time se-
quence. An example of raw spectra, induced by 100-
250 keV Ar ions is shown in Fig. 1. X-ray lines are
clearly shaped and the nominal initial composition can
be con�rmed with PIXE and XRF-FP package [9, 10].
Ghost lines are not marked in the �gure. The correspond-
ing penetration depth, at normal ion incidence, ranges
from approximately 50 nm for 100 keV Ar to 100 nm for
200 keV Ar [11]. Normalization of the four spectra to Fe
kα intensity enables us to see, that spectral structure re-
mains constant (except for Ar peak). It can be seen that
the dependence on energy is more important. The yield
is much higher for 250 keV ions, but the background is
lower for 100 keV ions, particularly at low X-ray energy.
Intensities of kα X-rays from the surface elements, as

functions of the dose of incident 220 keV Ar ions, are
shown in Fig. 2. Below 1013 Ar/cm2 there is a region of
slow change of the PIXE intensity with Ar dose, and a
region of rapid variation above this limit. Weaker PIXE
signal from Co and stronger signal from Si can be in-
terpreted as a result of preferential sputtering, which
causes de�ciency and abundance in the corresponding el-

ements. The remaining elements, Fe, Nb, Mo and Cu
give the PIXE yield which initially weakly depends on
the implanted dose, however it subsequently decreases at
higher doses. Calculation with SRIM [11] con�rms, that
Cu, Fe and Co are sputtered at a higher rate, whereas
Si, Mo, Nb and B are removed about twice less inten-
sively. PIXE yield from Ar was increasing proportionally
to implanted dose, and 5 × 1013 Ar/cm2 in Fig. 2 cor-
responds to 0.05% concentration of Ar within the pene-
tration depth of 100 nm. Simultaneously, nearly 55% of
incident Ar �uence is scattered out from the surface.

4. Conclusions

PIXE with MeV protons and helium ions is a reliable
and well-established method of nondestructive elemen-
tal analysis of �lms and surfaces, supported by many
codes which enable quantitative analysis without stan-
dards [9, 10].
PIXE produced by low energy heavy ions, despite

of destructive e�ects, bene�ts from shallow penetration
depth, larger X-ray production yield and better signal
to background ratio. It can be shown that beam induced
surface transformations such as: ion implantation, pref-
erential sputtering and interface mixing can be quantita-
tively monitored with dose-dependent HI PIXE.
Such modi�cation of surface and change of its elemen-

tal composition is essential for determining physical and
chemical properties of the materials [12�14].
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