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High temperature annealing of rare-earth implanted GaN

K. Lorenz, U. Wahl, E. Alves, S. Dalmassol, R.W. Martinl, K.P. O‘Donnelll, T. Wojtowiczz,
P. Ruterana®, S. Ruffenach’, O. Briot’

Objectives

In the frame of the European Research Training
Network project RENiBEl (Rare Earth doped
Nitrides for high Brightness Electroluminescent
devices) we study rare earth (RE) doping by ion
implantation into GaN films. Ion implantation is a
technique to realize the rare earth doping of planar
substrates with the facility of lateral patterning.
However, the radiation damage produced by
implantation of heavy ions proves difficult to be
removed in this material. In particular the regrowth
of amorphous layers is still an open problem. To
integrate ion implantation into device production
technology it is essential to study and understand
the damage build-up and the amorphisation
processes during implantation.

Results

In this year’s work we focussed on the influence of
a thin AIN capping layer on the damage build-up in
rare earth implanted GaN. The 10 nm thin AIN
layer was deposited by MOCVD during the growth
of the GaN material prior to the implantation.
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Fig. 1. RBS/C random and <0001>-aligned spectra of

GaN implanted with 2x10'° Euw/cm?.

Figure 1 shows the typical damage behaviour of
uncapped GaN and the influence of the AIN cap for
implantation of 300 keV Eu ions with a fluence of
2x10" at/cm?.

For implantation in uncapped material two damage
regions can be distinguished in the aligned RBS/C
spectra: one at the surface and another one
extending deeper into the bulk of the crystal
coinciding with the end of range of the implanted
ions. The surface peak reaches the random
spectrum indicating an amorphisation of the surface
layer. The thickness of this amorphous layer
increases with the implantation fluence as it was
confirmed by TEM measurements, and during post-
implant annealing it often leads to an increased
dissociation of the sample at temperatures around
1000 °C. The amorphisation can be inhibited by
implanting through the AIN capping layer, as it can

be concluded from the RBS/C spectra in figure 1.
For the capped sample no surface peak is visible.

A second purpose of the capping layer is to protect
the surface from out-diffusion of nitrogen during
high-temperature annealing. After annealing the
samples up to 1300 °C no signs of dissociation of
the crystal or RE diffusion were observed for
samples implanted with fluences lower than 1x10"
at/cm’. Optical activation of the rare earth ions with
the typical intra-ionic emission lines was achieved
after high temperature annealing. Figure 2 shows
cathodoluminescence (CL) spectra taken at room
temperature of AlIN-capped GaN implanted with
1x10” at/cm® Eu. Remarkably, the emission
intensity increases by one order of magnitude
within the studied annealing range between 1100
and 1300 °C.
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Fig. 2. CL spectra of AIN-capped GaN implanted with Eu
and annealed between 1100 and 1300 °C.
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Structural characterization of Ge/Si quantum dots

A. Fonseca, E. Alves, N. Franco, J. P. Leitdo!, N. A. Sobolev'

Objectives

In present work we study Ge islands growth in Si
substrate. Two types of samples are under study: the
first one, Ge dots are grown by Stranski-Krastanov
mechanism, that result the appearance the Ge islands
on the top a quantum well (wetting layer — WL), this
method permit the appearance of islands highly
ordered with lateral density up to 1x10'" cm? the
second type of dots are growth in an ultra thin layer of
Si02, with this new method one can obtain Ge islands
with higher density and small size. These Ge/Si dots
are useful for electronic devices, integrated circuits,
lasers and for several applications in microelectronic
devices.

Results

In this year’s work we focussed our studies in the
structural characterization through X-ray diffraction,
and Rutherford Backscattering Spectroscopy (RBS),
of Si/Ge samples with Ge islands. Some work was

done on optical characterization with
photoluminescence.
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Fig. 1. RBS spectra collected at 55° and 65° of the sample
with 10 period Ge/Si multilayers.

The first set of samples (5 and 10 period Ge/Si
multilayers) shows the existence of Ge dots, and that
periodicity of sample is an important factor to growth
coherent quantum dots (sample with 10 periods shows
coherent QD, and with 5 dots were uncorrelated).
Samples grown on a SiO2 layer and with a layer of 3,
6 or 9 AGe, are more difficult to characterize though
X- ray diffraction due to their lower percentage of Ge,
and due to do not have periodicity.

To characterize these samples we use RBS at grazing
angles of incidence and some channelling studies were
done to get some information on the strain state of the
layers. Figure 1 shows typical RSB spectra for tilted

angles for sample with 10 periods. We observe that Ge
layer have some thicker regions that could correspond
to the quantum dots (this can be compared with TEM
results).

Figure 2 shows the angular scan of Ge/SiO2 samples
for <110> direction. With 3A of Ge we can see that
the Ge atoms are perfectly aligned with Si atoms, the
minimum yield is lower and almost equal to the Si, i.
e, Ge atoms are substitutional to Si. For other samples,
with higher thickness of Ge, is evident that Ge atoms
are not aligned with Si and minimum yield is higher.
There is an evidence for the destruction of the crystal
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Fig. 2. Angular scan along <110> direction for Ge/SiO2

samples (3, 6 and 9A of Ge). The broadening of the Ge

curve and the high value of minimum yield suggest the

formation of Ge islands, for sample with 9A of Ge.

lattice and the formation of Ge nanoprecipitates, the
quantum dots.
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Ion implantation doping of ZnO

E. Rita, E. Alves, U. Wahl, J.G. Correia, A.M.L. Lopes', T, Monteiro', J.C. Soares?,
The ISOLDE collaboration’

Objectives

This work explores the implantation of possible
electrical, optical and ferromagnetic dopants into ZnO,
a wide bandgap II-VI semiconductor of interest in
optoelectronics and, more recently, for spintronics.
The implantation and RBS/C studies were carried out
at ITN. The EC studies were performed at
CERN/ISOLDE and the optical measurements were
done in collaboration with the University of Aveiro.

Results

1. Lattice site and stability of implanted Fe in ZnO
The Emission Channeling (EC) technique was applied
to evaluate the lattice location of implanted “Fe
(ferromagnetic dopant) in single-crystalline ZnO. Our
results revealed that, following the 800°C vacuum
annealing, 95(8)% of the Fe atoms are incorporated on
ideal substitutional Zn sites with rms displacements as
low as the thermal vibration amplitude of Zn atoms
(0.06-0.09 A).
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Fig.1. (a)-(d): B~ emission channeling patterns from *’Fe-
implanted ZnO after the 800°C vacuum annealing. (e)-(h):
best fits of simulated channeling patterns to the experimental
yields, corresponding to 95(8)% of *Fe on ideal Sy, sites.

2.Rare-Earth - Tm implantations

ZnO single crystals were implanted with Tm ions at
different fluences. The defect recovery, the Tm lattice
location and its optical activation were investigated by
means of the Rutherford Backscattering/Channeling
Spectrometry (RBS/C) and Photoluminescence (PL)
techniques. Damage recovery becomes significant for
air annealing above 750°C and is almost complete at
1050°C. Implantation damage decreases for
implantations at mild temperatures (450°C) and is also
highly reduced for <0001> aligned implantations. Tm
ions start to diffuse towards the surface above 900°C
and about 80% of them have segregate to the surface
after 90 min annealing at 1050°C. In the as-implanted
state the optical activity of Tm is highly quenched by
the implantation defects. While annealing at 800°C
induces optical activation of these ions, diffusion to
the surface at higher annealing temperatures destroys
the luminescence. The highest intensity of Tm-related
optical centres occurs for the 800°C air annealed
samples implanted at 450°C with low fluence.
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Emission channeling lattice location studies

U. Wahl, J.G. Correia, E. Rita, A.C. Marques, E. Alves, B. De Vries', S. Decoster’,
A. Vantomme', J.C. Soares’, and the ISOLDE collaboration’

Objectives

The aim of this work is to study the lattice location
of impurities in technologically relevant
semiconductors (e.g. Si, ZnO, GaN, diamond) and
oxides (e.g. SrTiOs3;, BaTiOs) by means of emission
channeling (EC) from radioactive isotopes. The
experiments are carried out using the ITN/CFNUL
infrastructure installed at CERN’s ISOLDE facility.
Additional EC results on ZnO are presented
elsewhere in this report.

Results

1. Lattice location of rare earths in GaN
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Fig. 1. Experimental EC patterns from '“""Er in GaN
(left) and simulations for Er on Ga sites (right).

The lattice location of implanted Er in GaN, GaN:O
and GaN:C was investigated using conversion
electrons emitted by the probe isotope '“""Er [1].
The majority (<90%) of Er atoms are located on
substitutional Ga sites in all 3 samples. Annealing
up to 900°C did not change these fractions,
although it reduced the Er root mean square (rms)
displacements. The only visible effect of oxygen or
carbon doping was a small increase in the rms
displacements in comparison to the undoped
sample.

2. New position-sensitive electron detectors for
emission channeling

In collaboration with a CERN group specialized in
position-sensitive detectors (PSDs), we have since
several years been engaged in the development of
advanced PSDs for electron detection. Currently,
three setups (two from ITN/CFNUL, one from IKS
Leuven) equipped with PSDs [4] are available for
EC experiments at ISOLDE. Our aim for the future
is to increase the number of isotopes which can be
used by the EC technique. We are therefore
currently working on PSDs equipped with a novel
readout system that will allow measuring electrons
with count rates in the 10 kHz regime and at
energies down to 20 keV. Such detection systems
will be required in future EC experiments, where it
is intended to (a) work on-line with short-lived
isotopes at very high count rates, or (b) detect very
low energy conversion electrons below 40 keV. In
2004 prototypes of the new readout system have
been successfully tested at CERN.
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Buried nanoprecipitates in MgO and TiO,-rutile oxides

J.V. Pinto, C. Marques, N. Franco, E. Alves and R.C. da Silva

Objectives

The implantation of high fluences of transition
metals has been used to promote the formation of
metal clusters buried in insulator hosts, and induce
optic, magnetic and electric modifications in such
materials. These can be useful for switching,
signaling, data transport, etc.

Our work concerns the ion beam synthesis of
metallic and metal like nanoprecipitates buried in
the crystaline oxides MgO, Al,O3, and TiO,-rutile,
and the changes in its structural, electric, magnetic
and optical properties and stability.

Results

Ion beam synthesis of metallic nanoprecipitates in
crystalline MgO and TiO,-rutile

The work focus on the structural, magnetic and
electric characterization of MgO and rutile crystals
implanted with high fluences of Co and Ni ions,
and its evolution and stability upon thermal
annealings. Extensive characterization of the
magnetic properties of the Co- and Ni-implanted
MgO crystals unveiled the dependence on the
implantation energy, implanted ions and thermal
treatments. Measurements of M(H,T) showed
superparamagnetic behaviour allowing to indirectly
extract the size distributions of the Ni and Co
clusters. XRD spectra of these samples confirm the
existence and the mean sizes of such clusters.
Correlation was found between the local implanted
concentration and the mean cluster size. Vacuum
anneallings were found to promote growth of the
nanoclusters that turn ferromagnetic, whereas the
RBS-C lattice recovery is only minor. The effect of
annealing under different types of atmosphere is
now underway.TiO,-rutile was also studied with
different implanted fluences. Superparamagnetism
was found in the as-implanted state, along with a
dramatic increase of conductivity, but no magneto-
resistive effects were found. The electrical
behaviour of the as-implanted samples can be
described as a variable range hopping transport,
probably resulting from the combination of
implantation induced defects and the presence of
the magnetic ions.

Vacuum anneallings promote modification of the
aggregates state but with different results for Co
and Ni. Co-implanted rutile turns ferromagnetic
while Ni aggregates remain superparamagnetic up
to 800 °C. The effect on the electrical behaviour is
dramatic with the appearance of a pronounced
minimum in the p(T) resistivity curve (fig.1).
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Fig.1. p(T) resistivity curves for the as-implanted and
vacuum states of Ni-implanted TiO,-rutile.
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Encapsulated nanocolloidal dispersions on a-Al,O;

C. Marques, R.C. da Silva, C. McHargue', A. Kozaneck?’, E. Alves

Objectives

Nanoparticles embedded in dielectric matrixes are
of great interest, from both the theoretical and
application point of views. Most of the physical
properties exhibited by these particles are
intriguingly different from those of the respective
bulk material. limplantation of high fluences and
subsequent annealings lead to the formation of
colloidal dispersions of precipitates whose optical
properties depend on their composition and
morphology. On the other hand, low fluences are
needed to produce optically active rare-earth
dispersions and subsequent annealing tends to
redistribute these rare-earths onto lattice regular
sites. The implantation fluence, the temperature and
type of annealing atmosphere affects both the
emission and absorption/reflection bands of these
systems in a controllable way, and are being
studied.

Results

Optical and structural properties of single
crystalline a-Al,O; were changed by the
implantation of high fluences of metals (Ag, Cu,
Mn, Ni and Au) and low doses of rare-earths (Eu up
to now). The optical absorption and reflectance was
measured along with some experimental
photoluminescence measurements. The system’s
composition and structure has been analysed
through RBS and the morphology of the
precipitates  inferred  through the  optical
measurements is being compared with x-ray
diffraction and transmission electron microscopy.
In the case of metals, the main feature of the optical
absorption spectra in the visible region is the
surface  plasmon  resonance  (SPR)  band
characteristic of the composition and morphology
of the precipitates, as shown in fig. 1 for samples
implanted with silver (SPR band peaks at 490 nm)
and gold (SPR peaking now at 580 nm). The width
and maxima of the SPR band can be varied with the
implanted fluence, annealing temperature and
atmosphere, allowing tailoring the optical response
of the system. In the case of rare-earths, the
implantation of low fluencies is preferred in order
to produce a lower defect concentration (due to the
implantation process) and to avoid the formation of
metallic-like aggregates which are optically
inactive. Annealing at high temperatures promotes
the redistribution of the implanted specie onto
regular sites of the matrix, as can be seen in the
angular scan on fig. 2. The signal from Eu is similar
to that of the matrix elements indicating similar
positions (from this axis). For europium ions this
means the increase of the characteristic emission in
the orange to red region of the visible spectrum.
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Magnetic Tunnel Junctions

N. P. Barradas, N. Franco, J.A.V. Gouveia, E. Alves, S. Cardoso', P. P. Freitas'

Objectives

ITN has a long-standing collaboration with the INESC
magnetic systems group led by Prof. Paulo de Freitas.
The role of ITN is to provide structural
characterisation of the highly complex advanced
magnetic systems produced at INESC. This is a highly
interactive collaboration that has proved to be very
successful.

Results

This year the work was concentrated in the
compositional and structural characterisation of spin
tunnel junctions [1-6]. These are made by two thin
magnetic layers separated by a thin insulating one. In
tunnel junctions, the tunnelling current across this
barrier layer depends on the relative alignment of the
magnetisations of the two magnetic layers. Hence
such a device can be used either as a reading head (in
which the external field - e.g. from a hard disk - leads
to a change in the resistance of the system), or as a
non-volatile memory (where the external field forces
the direction of the magnetisation).

Determination of the composition of the thin to ultra-
thin AIN,O, layers used in tunnel junctions is not
trivial, and is a challenge to analytical techniques in
general. On the one hand, we organised a round robin
experiments for that purpose, in which 13 laboratories
took part [5,6]. On the other hand, we developed an
artificial neural network algorithm to analyse the RBS
data obtained [6].
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Fig. 1. RBS spectra of samples S1: Si(001)/Zr 5A/Ta 100A ;
S2: Si(001)/Zr 10A/Ta 100A.
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Fig. 2. X-ray reflectivity of samples S1 and S2.
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Study of erbium and silver implanted in silica-titania sol-gel films

A.R. Ramos, C.P. Marques, E. Alves, A.C. Marques', R.M. Almeida'

Objectives

Sol-gel processing is one of the most inexpensive
and versatile methods for the fabrication of silica-
on-silicon waveguides, including Er’*-doped silica-
titania planar waveguides. However, the presence
of residual OH species in the material limits the
fluorescence performance of the Er'' ions. The
incorporation of silver metal nanoparticles has been
shown to enhance Er’* photoluminescence (PL).
The present work tries to address the above-
mentioned problems using ion implantation to
introduce Er and Ag in silica-titania sol-gel
processed films.

Results

Using ion implantation, it was possible to
incorporate both Er and Ag in silica-titania films in
a controlled and reproducible way. We have
implanted silica-titania films, deposited by spin-
coating on silica and silicon substrates, with 3x10"
at/cm’, 180 keV Er' ions and 6x10'® at/em’, 140
keV Ag’ ions. The energies were chosen so that the
profiles of Ag and Er overlapped. Rutherford
Backscattering Spectrometry and Elastic Recoil
Detection Analysis were used to study the
behaviour of Ag, Er and H atoms during the heat
treatments used to densify the films. Implantation
causes H depletion at the film surface and an
increase in H concentration just beneath the
implanted Ag and Er profiles. The total H content
decreases by 40% to 70% during implantation.
During annealing, the H content decreases, with an
almost complete H loss after annealing for 35
minutes at 800°C. The Ag profile remains stable up
to 600°C. Above 700°C, Ag becomes increasingly
mobile. Annealing at 800°C for 35 min results in a
nearly constant Ag distribution in the film. The Er
profile remains unchanged with the heat treatments,
up to the maximum temperature used (800°C).
Optical activation of the Er ions was achieved after
annealing at 800°C for 95 min.
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Fig. 1. ERD spectra of Si deposited samples implanted
with Ag and Er (24° scattering angle detector, 78° tilt). (a)
As deposited; (b) as implanted; (c) 500°C, 5 min anneal;
(d) 600°C, 5 min anneal; (¢) 700°C, 5 min anneal; (f)
800°C, 5 min anneal; (g) 800°C, 35 min anneal.
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The Characterization of Silicon Carbide Thin Films and Their Use in

Colour Sensors
S. Zhang'?, L. Raniero', E. Fortunato', X.Liao*, Z.Huw?, 1. Ferreira', H. Aguas', A. R. Ramos, E.
Alves, R. Martins'

Objectives

Due to its adjustable band gap in the visible range of
the energy spectrum, hydrogenated amorphous silicon
carbide (a-SijCy:H) films are widely used in
optoelectronics. In previous works, a-Si; Ci:H films
with different optical band gaps from 1.83 to 3.64 eV
were obtained by adjusting the plasma parameters
using plasma enhanced chemical vapour deposition
(PECVD). It has been shown that the hydrogen
dilution ratio plays a very important role in the
deposition conditions. Here, a series of a-Si; Ci:H
films with different hydrogen dilution ratios were
prepared to investigate its influence on the
microstructral and photoelectronic properties.

Results

The results show that a higher hydrogen dilution ratio
enhances the incorporation of silicon atoms in the
amorphous carbon matrix for carbon-rich a-Si; ,Ci:H
films.

A one pin structure was prepared using the a-Si; ,Cy:H
film as the intrinsic layer. The light spectral response
shows that this structure fits the requirement for the
top junction of a colour sensor.
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Studies on MgO Solubility in SrTiO3 Thin Films

O. Okhay', A. Wu', P. M. Vilarinho', I. M. Reaney?, A.R. Ramos, E. Alves

Objectives

SrTiO; (ST) is an important dielectric material for
various electrical applications such as voltage
tunable filters, oscillators and phase shifters for
microwave circuits. The properties of ST can be
dramatically changed by forming solid solutions
with cations such as Ba** or by doping with cations
such as Ca’". Theoretical studies predict the
appearance of a ferroelectric type anomaly by
doping with Mg. However, the incorporation of Mg
into the A site of the ST lattice is very limited and
consequently no electric anomaly was ever
observed. A higher solubility of Mg in the ST
lattice is expected for thin films. In this work ST
films doped with various Mg concentrations and
annealed at different temperatures were grown on
Pt/TiO,/Si0,/Si substrates by sol-gel. The solid
solubility of Mg on ST lattice was studied by TEM
and complemented by XRD and RBS analysis.

Results

TEM results revealed homogeneous monophasic

microstructures with small grains for all the
compositions annealed at 750°C without any
amorphous top layers. For higher annealing
temperatures, bigger grains of a second phase rich
in Mg were observed and identified with an
ilmenite type structure by ED analysis.

RBS indicates that for x<0.3 and for both annealing
temperatures Mg is homogenously distributed all
over the film thickness.

XRD analysis corroborates TEM results identifying
the Mg rich phase as MgTiO;.
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Hyperfine interactions on materials with strong electronic correlations

J.G. Correia, A.M.L. Lopes', V. Amaral', J.P Aratjo', H.Haas, E. Rita, T. M. Mendonca’, E.
Alves, U. Wahl, M.R. da Silva’, A.C. Marques’, J.C. Soares’ and the ISOLDE collaboration*

Objectives

We apply hyperfine (PAC) techniques, working
with radioactive isotopes, to study local charge and

lattice

order  phenomena  into  high-Tc

superconductors of the form Hg-Ba-Ca-Cu-O (TC
>130 K)" - ref. IS360 CERN- and to materials with
giant magnetoresistance, manganites — ref. 1S390.
For IS360 a new addendum has been approved in
2004 by the CERN-INTC scientific committee to
study the ordering of high oxygen concentrations
on High-T¢ materials. The aim is to disentangle if
there is a relationship between collective dopant
order and charge ordering. During 2004 samples of
Hgl212 and Hgl223 have been synthesized and
characterised to me measured during 2005. In what
concerns 1S390 — Manganites, the studies have
shown the existence of slow polaron dynamics
within an extended orthorhombic —rhombohedric

transition — not

detectable by traditional

crystallographic techniques — on LaMnO; ;,. These
results open new perspectives of studies and
understanding of the relationship between lattice
parameters and electron/spin dynamics on a broader
range of doped manganites and other magnetic
oxides. This work is performed at the ITN-CFNUL
infrastructure at CERN/ISOLDE and is lead by a
collaboration of several national institutes.

Results
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temperature. The insert shows the [ parameter
which value indicates a free percolation of the
phase domains on a 3D lattice. X-ray diffraction is
not sensitive to the local phase coexistence outside
of the percolation thresholds due to the fractal
and/or dynamic nature of clusters.
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A is the measured transition frequency PAC
parameter for a dynamic interaction, which in the
percolative (green) zone reveals to be thermally
activated with 0.31eV. The green zone is the
observable region of PAC in the intermediate
regime. Both below and above this zone there are
ultra slow and too fast transitions, respectively, to
be quantified.
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Characterisation of Nuclear Fusion Reactor Materials

L.C. Alves, E. Alves, A. Patul', N. Barradas, N. Franco, M.R. da Silva, A. La Barbera2, J.B.
Hegeman®, F. Druyts*

Objectives

Study of erosion/deposition processes in the walls
of a Tokamak through the analysis of the graphite
tiles exposed to large plasma fluences (>10%° m?).
Evaluation of the impurity contents and distribution
in new SiC/SiC; composites. Phase formation and
temperature stability of titanium beryllides.

Results

Nuclear Microprobe, Atomic Force Microscopy
(AFM) and Elastic Recoil Detection Analysis
(ERDA) techniques were used to characterise the
surface morphology and composition of graphite
tiles exposed to large plasma fluences in a
Tokamak. The difference on elemental surface
contents as a function of the tiles position on the
Tokamak was established as well as the extent of
the modified layer (6-9 pm - fig.1). The ERDA
analysis allowed the determination of the T and H
deposition profile.

Fig. 1. Elemental distribution on a cross-section of one of
the analysed graphite samples. The maps represent an
area of 53x53um’. The Re intensity profile is also shown
as well as the C map that is used for defining the sample
surface position.

For the SiC composites, not only the high purity of
the base materials used for its manufacture was
ascertained but also that the detected impurities
were due to handling, mainly due to the sample
cutting procedure.

Beryllium-titanium intermetallic compounds with a
nominal composition of Be-5at%Ti and Be-7at%Ti
were analysed by Ion Beam and high-resolution X-
ray diffraction techniques. The contaminants
observed during a previous analysis of Be pebbles
are again revealed. Among them the U that has
undesired properties for generating long lived
isotopes under neutron bombardment. In the as cast
samples, Be;(Ti was the major phase formed in the
Be-7at%Ti sample while the Be;,Ti was the phase
observed in the Be-5at%Ti sample.

The Be-5at%Ti alloy reveals intra-grain regions
with high concentration of impurities (O, Fe and
Ni) and Ti depletion. During thermal treatments up
to 800°C for 1 hour, the phase stability was
confirmed. Oxidation occurs preferentially at the
beryllide grain boundaries in spite of a continuous
increase of oxygen that was also found in the
beryllide grains (fig. 2).
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Fig. 2. RBS spectra obtained from a Be,,Ti region for the
Be-5%Ti alloy before and after annealing.
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Ion beam synthesis of inter metallic compounds in light structural metals,
aluminium and titanium

L. Prudéncio and R.C. da Silva

Objectives

Ion beams were used to modify the surface region
of aluminium and titanium. In particular
intermetallic phases can form embedded in these
light metals matrices. The so formed surface
layers can act as a protection against corrosion
and/or improve wear resistance.

Our work concentrated on the direct ion beam
synthesis of intermetallic precipitates embedded in
the surface region of Al and Ti, and on the study
and characterization of its structural properties and
stability.

Results

In Aluminium

High purity polycrystalline Al disks were implanted
either with Fe, Cr, Ti or Cu, with fluences in the
range 1-5x10" /em? at different substrate
temperatures.

Al-Fe system: characterization by RBS, CEMS,
GIXRD and SEM lead to the conclusions: i)
implantation at RT produces the decagonal variant
of quasi-crystalline AlgsFe4. ii) Above 200 °C the
implantations lead to AlsFe,. iif) Annealing induces
the transformations AlgFes — AlgFe — AlgFe +
Fe(Al) — AljsFey + Fe(Al) AlsFe, — AlsFe, +
Fe(Al) — AljsFeq + Fe(Al).

Al-Cr system: characterization by RBS and GIXRD
lead to the conclusions: i) implantation at RT
produces Cr(Al). ii) At 400 °C the implantations
produce the quasi-crystalline phase AlgsCry4 and
above 500 °C lead to Al;Cr,. iii) Annealing
induces the transformation Cr(Al) — AlgCriy —
Algécrm + A113CI‘2 — A113CI'2.

Al-Ti system: characterization by RBS, GIXRD and
SEM showed: i) implantation at RT leads to
formation of AlTi; precipitates. ii) At 300 °C the
implantations produce Ti(Al). iif) Above 500 °C the
implantations lead to formation of ALTi. iv)
Annealing induces the transformation AlTi; +
Ti(Al) — ALy Ti + Ti(Al).

Al-Cu system: characterization by RBS and GIXRD
showed: 7): implantations at RT leads to formation
of  AlCuy precipitates. i) At 300 °C the
implantations produce Al,Cu. iii) Above 500 °C the
implantations lead to the solution Cu(Al). iv)
Annealing induces the transformation Al,Cuy —
AlLCu — Cu(Al).

In Titanium

Cr implantations were performed in polycrystalline
Ti disks, with fluences ranging from 5x10'® /em® to
1x10" /em? and at different substrate temperatures.
Implantations at —180 °C, —110 °C, RT, 200 °C and

300 °C produce the solution Cr(a-Ti), while at 800
°C produce precipitates of the Laves phase a-TiCr,.
When the implantations are carried out at 900 °C a
film of Cr(B-Ti) on a-Ti is formed. Annealings
induce the transformation Cr(a-Ti) — Cr(B-Ti) +
o-Ti.

Long range diffusion of Cr into Ti was found, with
two different diffusion regimes occurring at
temperatures below and above 800 °C, when
annealing is performed directly on RT implanted
samples.

as implanted

after annealing
N 630 °C; 1 h.
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Fig.1. CEMS spectra of implanted samples, as-implanted
and after 630 °C annealing, against transmission MS
spectrum of a bulk AlsFe, sample.
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Study and Experimental Modelling of Potash Glasses

M. Vilarigues and R.C. da Silva

Objectives

Deterioration of medieval stained glasses of
potassium -rich compositions, as the ones found in
the XV century Monastery of St. Maria da Vitdria, at
Batalha, Portugal, is manly attibuted to the very
high humidity in the monument, reported higher
than 90 %, both indoors and outdoors [1]. A better
understanding of the processes leading to
deterioration is of fundamental importance to the
proper preservation of these glasses.

With this aim in mind, model glasses with SiO-
Ca0-K,0 ratios similar to those in the composition
of Batalha Monastery stained glasses [2], were
produced and exposed to immersion essays in
distilled water to simulate the high humidity
environment.

In particular we expect to obtain information about
the ion exchange processes and the kinetics of the
reactions involved.

Results

Characterization of corrosion mechanisms in
8i0,-Ca0-K,0 based glasses

The work focus on the characterization of corrosion
processes of the model potash-glasses in aqueous
solutions. Ion beam spectroscopic techniques,
Scanning  Electron Microscopy and Fourier
Transform Infra-Red analysis were used to provide
information about the changes in the corroded
surface, and combined with evaluation of the
changes in the electrolyte solution. In particular
hydrogen profiles were obtained by ERD, Elastic
Recoil Detection, and the hydrogen uptake
correlated with the variation of the pH values of the
electrolyte.

Two types of essay have been performed, with and
without stirring of the aqueous solution, aiming at
simulating separately the effects of water
condensation and exposition to rain water.

In any case the experimental data expressed in Q-
t'? coordinates, with Q the amount of material
escaped from the glass and t the essay duration,
cannot be fitted by a straight line issuing from the
origin (Fick’s diffusion). Instead the pH evolution in
time, Fig.1, can be described by a Boltzmann
function. Evolution rates are faster under stirring.
The spectroscopic techniques allowed measuring
the K-H exchange revealing a loss of K and uptake
of H, along with formation of a silica and carbonate
rich layer at the surface. However, the results can
only be understood in correlation with the pH
evolution if one admits that dissolution of glass
hass taken place.
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Fig.1. Evolution of concentration of hydronium ions in
solution as calculated from the pH of distilled water with
glass samples immersed. Longer immersion periods yield
similar behaviour.
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High-Resolution X-ray Diffraction Study of Si;_yGe,/Sii—yGe,/Si (001) Heterostructures

N. Franco, N. P. Barradas, E. Alves

Objectives

The introduction of SiGe to standard Si-MOSFET
technology allows bandgap engineering with
enhanced performance of HMOS transistors. High
hole mobility can be realized in n-type modulation
doped Si,_,Ge,/Si;_,Ge,/Si(001) heterostructures, in
which a strain-relaxed Si,_,Ge,/Si(001) buffer with
low threading dislocation density has been used as
a virtual substrate (VS) for the growth of a Si;_,Gey
channel. To optimise the buffer design and the
growth conditions, it is important to know the strain
status of the VS and channel. In the present work
(224) reciprocal space maps (RSMs) are used to
study the thermal stability and strain relaxation
mechanisms after pos-growth furnace annealing
treatments in N, ambient and 650°C.

Results

To study thermal stability and strain relaxation
mechanism, ex-situ post-growth furnace thermal
treatments were done at various temperature and
samples.

2 nmSi
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16 nm Ge Channel

15 nm Sio,4G€o,6

5 nm Sip.4Gepp, 2.10'8 cm-3 B

20 nm Sio.4Geos
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Sii-xGeyx, x0..0.6

n-Si (001) Substrate

/\/

Fig. 1. Structure of the SiGe transistor

Six regions are clearly visible in the (224)
reciprocal space maps (fig. 2): the intense and
narrow Si substrate peak; the intermediate region
containing the graded and constant buffer layer;
two more distinguish Ge content regions and the 16
nm thick channel peak.
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Fig. 2. XRD (224) RSMs of SiGe transistor; as grown on
the left and annealed on the right.

The RSMs shows that the graded layer is almost
linear and is fully relaxed until a dense region of
48% of Ge, after that there is another two dense
regions of 53% and 60%, where the 53-54% region
is fully strained.

Due to peaks width, it is not possible to distinguish
the layers that have close Ge content. The Channel
has a Ge concentration of 97 % and is fully
strained, and it was estimated in 20 nm.

A tilt in graded layer increasing from bottom to the
top is also observed. Comparing both RSMs, they
are almost undistinguished. Only a slight difference
between the peaks shape, the annealed peaks are
sharper. This means a possible crystalline quality
improvement and/or a lower roghness between
layers.
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Formation of Ge Nanoparticles by Oxidation of Thin Si;.,Ge, Layers

A. Kling, J.C. Soares', C. Prieto?, J. Jimenez>, A. Rodriguez’, J. Sangrador’, T. Rodriguez’

Objectives

Nanoparticles of Ge embedded in a dielectric
matrix formed appear as very promising systems
for electronic and photonic applications. The
formation of Ge nanocrystals with uniform size,
less than 5 nm, embedded in a dielectric medium is
an essential process for the fabrication of electronic
and photonics devices which can be easily
integrated with the Si-based electronic circuits. One
of the methods to form them is by dry thermal
oxidation of SiGe alloys. Detailed characterization
of the oxidation process in polycrystalline SiGe
layers from the non-oxidized state to the full
oxidation of the layer is highly important in order to
understand the processes involved.

Results

We have characterized the dry oxidation process at
850°C of a 50 nm SiGe layer deposited by LPCVD
on a 6000 nm SiO, layer using RBS, FTIR and
Raman spectroscopy [1]. The RBS studies revealed
that in a first step Si-Si bonds are oxidized growing
Si0,, forcing Ge to segregates from the SiO, As
soon as all Si is oxidized GeO, is growing
gradually. Fig. 1 shows the layer thickness of SiO,
and GeO, in dependence of the oxidation time as
determined by RBS. The growth rates for SiO, and
GeO, in the linear regions are 0.25 and 0.35
nm/min, respectively.

On the other hand, for the reliable determination of
the GeO, thickness information on the amount of
Ge-O bonding had to be obtained from FTIR
spectra.

100 T T T T T T
90 , ]
= Sio,
80 linear fit
700 ° Geo,
60 linear fit
50
40
30

Thickness (nm)

0 ° TS ° 1 ° 'Y 1 1 1
0 60 120 180 240 300 360 420

Oxidation time (min)

Fig. 1. SiO, and GeO, layer thickness as a function of the
oxidation time.

Figure 2 demonstrates the variations in the
absorption bands induced by the changes of the
bonding due to oxidation processes. The oxidation
of the Ge layer seems to start by the formation of
Si-O-Ge bonds. Later on Ge-O-Ge bonds,
corresponding to GeO,, appear. For longer
oxidation times, most of the Ge is found to be
bonded as Ge-O-Ge.

In addition, Raman spectroscopy yielded detailed
information about the oxidation processes for
different bonds (Si-Si, Si-Ge, Ge-Ge).
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Fig. 2. Variations in the transmission due to changes in
the number of bonds give additional information on the
evolution of the oxidation processes.
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Composition studies of Ti-Al-Si-N nanocomposite and Oxynitride Coatings

E. Alves, A. R. Ramos, N. Barradas, F. Vaz!, S. Carvalho', L. Rebouta'

Objectives

The so-called nanocomposite films, consisting of
nanocrystalline transition metal nitrides, MeN, and
amorphous Si;Ny composites, which have unique
mechanical, chemical and tribological properties,
have been one of the most promising superhard
materials. A wide variety of studies within this
nanocomposite system have been performed, in
particular on nc-TiN/a-SizNj.

The purpose of this study is to present a
comparative analysis of the structure of samples
prepared with different low temperature deposition
parameters. Coatings using different plasma
densities and ion bombardment conditions were
prepared, creating conditions to obtain Ti-Al-Si-N
fils with different properties and structural
arrangements.

Results

These results show that different deposition
conditions can lead to a maximum hardness values
with different structural arrangements. In those
arrangements the Si content plays a different role,
contributing for a solid solution hardening, a
formation of a superhard nanocomposite of the type
nc-MeN/a-Si;Ny or to a multiphase system where
the MeN and Si;N, phases coexist with the solid
solution, (Ti,AL,Si)N, which explains how is
possible to get maximum peak hardness for
different Si content values.
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Fig. 1. Dependence of the hardness of Ti-Si-Al-N
samples as a function of silicon content.

In order to verify if the oxygen impurities are
limiting the achievable hardness, the oxygen
contents of seven samples was characterized by
ERDA, The results, although scarce, are not
contradictory with our conclusions.Favourable
conditions for the solid solution formation are some
thermodynamic and kinetic constraints (nitrogen
activity and energy delivered to the substrate) and
Si contents up to 10 at. % in Ti-Al-Si-N films. The
relatively low Si content increases the probability
of Si atoms as next-nearest neighbors to the Ti

atoms in the TiN arrangement. Increasing the Si
content, the Si atoms as next-nearest neighbors to
the Si atoms increases, decreasing the proportion of
six-fold silicon.
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Advanced data analysis for IBA

N. P. Barradas, C. Pascual-Izarra, H. F. R. Pinho, N. R. Nené, A. Vieira'

Objectives

Ion Beam Analysis (IBA) is a cluster of techniques
dedicated to the analysis of materials. Data analysis
is normally done in an interactive way, requiring a
dedicated expert. Our goal is to automate IBA data
analysis.

Results

We developed a new and more efficient artificial
neural network (ANN) algorithm to analyse
extremely complex data and multiple spectra [1-3].
This closes the line of research in ANNSs applied to
IBA.

We have previously developed a code, the IBA
DataFurnace, that uses the simulated annealing
algorithm to automatically analyse IBA data. We
recently developed an algorithm to include different
models of roughness in RBS data analysis in a fast
way. We now investigated the limits of validity and
application of the models and methods, and applied
them to specific cases [4-6].

We developed a new algorithm to calculate double
scattering in RBS, and integrated it in the
DataFurnace [7,8].

We used Bayesian inference to determine the
stopping power of 4He in different materials [9,10].
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Fig. 1. RBS spectrum of sample Si(100)/Al,03
500nm/(CoFeB 2 nm/Al,0; 0.9 nm),4/Ta 2nm collected
at 1 MeV and a=6°. The Ta signal is not shown. The
calculated partial spectra of given elements are shown.
The double scattering+pileup contribution is identified as
DS.
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