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Derived "empirical" M-x-ray production cross
sections for deuterons shown in Fig. 1 for Map, M7 and
M3O4.5 lines can also be used for testing available
theoretical predictions of M-shell ionisation by
deuterons. This figure shows the predictions of the
ECPSSR theory [2] and the semiclassical SCA-UA
calculations [4]. Generally, the available theories do
not reproduce sufficiently well experimental cross
sections in a wide energy range. Particular
disagreement is found for Mv and M3O45 x-ray lines
for higher energies, where the theories underestimate
the data. On the other hand, the ECPSSR theory
systematically underestimates the data for very low
energies.

The results were presented at International Conf.
IBA-14 and ECAART-6 (Dresden, July 26-30 1999)
and accepted for publication [5].
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1.16 Solid State Effects in L-O x-ray Transitions Induced by O, Si and S Ions in Heavy
Metals
by T.Czyzewski, MJaskota, D.Banas0, J.Braziewicz0, A.Kubala-Kukus0, U.Majewska0, M.Pajek",
J.Semaniak0, W.Kretschmer2> and T.Mukoyama3'

In collisions of energetic heavy ions with atoms
the multiple vacancies are created in the atomic outer
M-, N- and O-shells, with ionisation probability per
electron being as high as about 50%. The relaxation of
vacancies, both radiative and radiationless (Auger and
Coster-Kronig) transitions take place and for
vacancies in outer shells the super Coster-Kroning
transitions play also very important role. The
relaxation of vacancies in outermost shells in solid
targets can be also influenced by the effects of the
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Fig. 1 Measured Ly x-ray spectrum for 41.6 MeV S6* ion
impact on Au target with resolved structure of individual x-ray
transitions, x-ray energies of diagram (vertical dashed lines) and
shifted (vertical solid lines) lines and the fitted ionisation
probabilities for M- and N-shells are shown.

presence of the valence band structure in solids. The
electrons from the neighbouring atoms can contribute
to the relaxation of outer shell vacancies. Typical x-
ray spectrum detected for S ions colliding with Au
target is shown in Fig. 1. The method described [1,2]

gives the ionization probabilities for the M- and N-
shell, but cannot be used for estimation of the
ionization probability for the O-shell.

The ionisation probabilities for the O-shell were
estimated by comparing the intensity-ratios for L76(L2

—» O4(5d)) and L>.i( L2 -> N4)) and , respectively,
L^'OU -> O2,3(5p)) and LT2,3( L, -> N2,3)) x-ray
transitions. In this way the ionisation probabilities for
5p and 5d electrons in O-shell were estimated, by
using derived ionisation probabilities for the N-shell
and measured separately the intensity-ratio for 3 MeV
protons on the same targets. The measurement
performed with protons essentially determined the
values of the ratio of corresponding radiative widths,
instead of using their theoretical values. The
uncertainties of measured ionisation probabilities for
5p and 5d states were estimated to be within 15-25%.

For lighter studied elements (Os, Au and Bi) the
"geometrical model" (GM) [3] calculations reproduce
the data only for the O4(5p)-subshell and disagree
completely with calculations for the O5(5d)-subshell
(see Fig. 2).

The GM predictions describes quite well the
measured ionisation probabilities for the M-, N- and
O-shell for Th and U targets.

The observed qualitative difference of measured
ionisation probabilities for the 5d found between
lighter Os, Au and Bi and heavier Th and U targets
can be attributed to the valence band structure of the
studied metals. Namely, in Os, Au and Bi the 5d
electrons are in the valence band (5d6s metals), which
implies that any vacancy created in this state can be
immediately filled by the surrounding electrons,
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reducing substantially the measured ionisation
probabilities. However, this is not a case with the 5p
state in all the studied elements, as well as with the 5d
state in Th and U, being 6d7s6p and 5f6d7s metals,
respectively.

The results were presented at International Conf.
on Atomic Collisions in Solid (Odense, Aug. 3-8,
1999) and accepted for publication [4].
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Fig. 2 Measured ionisation probabilities for M-, N- and O-
shells (5p and 5d) in gold for Si ions in comparison with the
ionisation probabilities calculated according to the geometrical
model [3] (solid lines). Note substantial disagreement between the
data for 5p and 5d states, as well as the CM predictions lor the 5d
state.
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1.17 RBS/channeling Studies of InGaN/GaN Heterostructures

by L.Nowicki, R.Ratajczak, A.Stonert0, A.Turos0, J.M.Baranowski2), R.Banasik2> and K.PakuJa2'.

The 2 MeV He beam from Van de Graaff
accelerator 'Lech' is used for characterization of
semiconductor structures. In recent years, the
InGaN/GaN heterostructures have attracted a great
interest because of their application for the production
of light emitting devices.
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Fig. 1 Minimum channeling yields for In and
ln,Gai.AN epilaycr as a function of .v.
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The extensive utilization of InxGai.xN alloy as the
active layer is principally due to the tunability of its

energy gap. Light spectrum from the red to near
ultraviolet can be covered by changing the alloy
content. It is known that InxGa|.xN, being binary alloy,
is not stable and it decomposes [1] into In-rich
(x=0.94) and Ga-rich phases (x=0.06). Up to now the
growth and properties of InGaN have not yet been
completely optimized and understood. RBS/chan-
neling technique, available at SINS, is used [2] to
determine indium content, crystalline perfection,
lattice distortions and strain relations in InGaN/GaN
heterostructures produced at Warsaw University.
Layers of InGaN were grown by the MOCVD
technique at a temperature of 800 °C on a few |j.m
thick GaN layers produced on c-plane sapphire. The
thickness of InGaN layers varied from 30 nm to 110
nm. As presented in Fig.l, channeling measurements
along the [0001] axis reveal that the minimum
backscattering yield Xmm for both elements increase
with the In content. This increase can be interpreted as
a result of the decomposition of the alloy into the two
phases with different values of x. Photo!uminescence
studies revealed the split of the spectra into two peaks.
This observation confirmed that InGaN segregates
into two phases.

In order to study the lattice distortion in the
InA.Gai.tN layer with x = 0.09 the angular scans were
performed for different axes in the 1210 plane.


