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a b s t r a c t

The performance of two types of 1�1 cm2 photodiode position sensitive detectors (PSDs) based on
resistive charge division was evaluated for their use in Rutherford Backscattering/Channeling (RBS/C)
experiments in blocking geometry. Their energy resolution was first determined for � 5:5 MeV alpha
particles from a radioactive sources, and values of full width half maximum (FWHM) of 22 keV and
33 keV were achieved using a shaping time constant of τ¼ 2:0 μs. Additional tests were performed using
backscattered 4He particles from the 2.0 MeV beam of a Van de Graaff accelerator. While the 22 keV
FWHM detector failed after exposure to less than 5�106 cm�2 4He particles, the other did not show any
noticeable deterioration due to radiation damage for a fluence of 4�108 cm�2. For this type of PSD
position resolution (τ¼ 0:5 μs) standard deviations of ΔL¼ 0:072 mm at � 5:5 MeV and ΔL¼ 0:247 mm
at 1.1 MeV were achieved.

RBS/Channeling experiments using PSD were performed on several crystalline samples, showing that
this setup seems suitable for lattice location studies, particularly for heavy ions implantation
(D ≳ 1015 at=cm2) on light substrates like Si, SiC, and AlN.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Several methods of ion beam analysis, e.g. elastic recoil detec-
tion analysis (ERDA) [1] and Rutherford Backscattering/Channeling
(RBS/C) in blocking geometry [2] or alpha emission channeling
from radioactive isotopes [3,4] rely on the position-sensitive
detection of light or heavy ions. Since such types of applications
require the exposure of the position-sensitive detector (PSD) to
relatively high particle fluences, the resulting radiation damage in
the detector is a serious issue. In particular for Si-based PSDs it
usually demands the replacement of the device at regular inter-
vals, which may be as often as several times per year for very
intensive uses. Besides energy and position resolution and achiev-
able count rate, the radiation hardness and the price of the sensor
are therefore considerable factors in judging the usefulness of
typical Si PSD systems for charged particle detection.

PSDs using the principle of resistive charge division (RCD) have
been introduced already in the early 1960s [5] and a very good review
on the subject was given in 1979 by Lægsgaard [6]. A major advantage
of the RCD principle is that such types of detectors can be mass-
produced at relatively low cost and as a matter of fact RCD-PSDs are

manufactured in large numbers as position-sensitive photodiodes for
optical applications. Although not designed for this purpose, the use of
such photodiode PSDs for applications in charged particle detection
has been reported previously in the literature, e.g. [7,4,8–10]. Since
they are nowadays available at prices as low as � 100 EUR per cm2 of
detection area, photodiode RCD-PSDs may represent a very attractive
option as Si-based PSDs for the above-mentioned applications. In the
course of the EU-funded SPIRIT project we have assessed the useful-
ness of several different types of PSDs (both RCD and pixel detectors)
for their use in RBS/C experiments in blocking geometry. While in this
paper we address the characterization of two types of RCD-PSDs,
subsequent publications [11] will report on the use of pixel detectors
of the Timepix/Medipix type [12,13] for the same purpose.

RBS/C experiments are one of the standard methods of ion
beam analysis for crystalline materials [2,14–17], e.g. for determi-
nation of amount and depth distribution of lattice disorder, the
composition and thickness of amorphous surface layers, the lattice
location of heavy impurity atoms in light matrices etc. The two
most commonly used experimental arrangements for RBS/C are
sketched in Fig. 1(a) and (b). In both cases the orientation of the
crystal with respect to the beam is usually changed in the form of
an angular scan in the course of which at a certain angle the
channeling condition is fulfilled for the ingoing particles, whereas
the backscattered particles usually follow trajectories along “ran-
dom” crystal orientations. In case (a) backscattered particles are
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measured using a well-collimated Si surface barrier detector (SSB).
This arrangement combines best energy and kinematic resolution
and is hence usually applied for experimental tasks where good
depth resolution is required, however, it suffers from a relatively
small solid angle of detection. In case (b) the solid angle of
detection is increased by using a large area annular Si detector,
which the beam passes through a small hole. With this method
less accurate depth profiling is possible since on the one hand
large area annular detectors have worse energy resolution and on

the other hand also the kinematic spread of backscattered parti-
cles is larger due to the larger opening angle. This method is often
applied e.g. for lattice location studies of impurities, where lower
limits of detection are critical but worse depth resolution can be
tolerated. A third alternative is shown in Fig. 1(c) and is for
instance described also in Ref. [2]: the beam particles enter the
single crystal in random directions, whereas the sample is oriented
so that a low-index crystallographic axis points towards a
position-sensitive detector. In this case the backscattered particles
undergo blocking effects by atomic rows and planes on their way
out of the crystal. The feasibility of this approach is based on the
rule of reversibility of particle trajectories, as is discussed in
Ref. [2] and references therein. The solid angle of detection for
this arrangement is in between cases (a) and (b). The advantage of
this method is that samples are very easy to orient towards the
detector and that the two-dimensional blocking patterns contain
more information than simple one-dimensional angular scans. In
addition, the normalization of the counting time per angular
position to the integrated beam current is not necessary any more,
and errors introduced by the finite precision and reproducibility of
goniometers are reduced since no rotations of the emitting crystal
are necessary during the measurement itself.

2. Experimental arrangements

While resistive charge division PSDs usually consist of rectan-
gular Si diodes, several configurations can be realized for the
arrangement of the resistive charge division layers and the readout
electrodes. While some types use one single RCD layer with four
readout electrodes of varying shape on the same side (so-called
tetra-lateral type), cf. Refs. [18,19], photodiodes commonly have
separate resistive layers on the front and back of the device, each
connected to two readout electrodes (duo-lateral type). The
detectors utilized in this study, which use the last approach, were
two Position Sensing Photodiodes the first one a PSD Model
DL100-7 CERpin from Silicon Sensor (company now named First
Sensor) and a PSD Model 2L10UV_SU72 from SiTeK Electro Optics.
These PSDs basically consist of a p-i-n-diode of square shape of
10�10 mm2 with a sensitive depth of around 300 μm, made from
a highly resistive single-crystalline Si wafer, on which 4 electrodes
have been fixed on opposite sides such as indicated in Fig. 2.

Fig. 1. Comparison of the principles of ion beam channeling. In (a) a collimated detector
is used to perform conventional channeling experiments achieving better depth
resolution while in (b) the use of an annular detector increased the efficiency of the
spectroscopy system but the kinematic energy spread become significant. In (c) a two-
dimensional position sensitive detector with intermediate solid angle allows not only an
easier sample orientation but also to obtain 2D patterns for a reasonable collection time.

Fig. 2. Block diagram of the electronics used to determine the energy and position resolution of the PSD detector. The same setup was afterwards utilized in order to carry
out lattice location studies during RBS/C experiments.
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As specified by the manufacturers, the detector capacitance in
both cases should be typically 75–100 pF at reverse voltages of 10–
15 V, and inter-electrode resistances around 12 k Ω. When the
resistances were measured for the first time in vacuum, they were
found to fall into the range 11�17 kΩ, well within manufacturer
specified tolerance. Both detectors contain a thin oxide layer of
SiO2 on the surface whose thickness was specified by the manu-
facturers to be less than 100 nm.

When a charged particle impinges on the detector at position
(x,y) and loses the energy E by the creation of electron–hole pairs
in the sensitive region, four different charges are collected in
coincidence at the four electrodes of the device. The charge pulses
are then picked up by Ortec 142B charge-sensitive preamplifiers
and Canberra 2022 main shaping amplifiers and further proces-
sing is accomplished by passing the four amplified signals (E1, E2,
E3, E4) directly to Silena 7423/UHS ADCs. Subsequently, the four
digitized ADC signals are sent to a PC where a Fast ComTec GmbH
MPA-3 Multiparameter Data Acquisition System records each
particle detection event on the hard disk in list mode data which
can be processed off-line later though the same system provides
the on-line display of both one- and two-dimensional histograms
on the screen and hence easy monitoring of measurements. Both
energy and position information are then obtained by performing
digital calculations [7]:

E¼ L1þE2 ¼ E3þE4 ð1Þ

x¼ Lx
E3

E3þE4

� �
ð2Þ

y¼ Ly
E1

E1þE2

� �
ð3Þ

where Lx and Ly are the x and y lengths of the detector.
Additionally, the overall stability and energy resolution of the
system was monitored by applying pulser signals to all four
preamplifiers.

3. Results

3.1. PSD performance by using a triple alpha-source

Before attempting any practical measurement by using the
blocking technique, each PSD was mounted in a small vacuum
chamber and a mixed alpha source (239Pu, 241Am, 244Cm) was used
in order to optimize the amplifier gains thereby determining its
energy resolution at full width half maximum (FWHM). Both the
influence of the bias voltage and shaping time constant on the
FWHM were also evaluated under the same conditions. The alpha
source was kept at a distance of 15 cm with respect to the PSD.
Following this procedure, it was found that if a bias of 20 V is
applied over the PSDs and a shaping time of τ¼ 2:0 μs is used,
then from the 5.486 MeV 241Am peak in the alpha spectra an
energy resolution of 33 keV FWHM is measured for the Silicon
Sensor PSD while a better energy resolution of 22 keV FWHM is
obtained for the SiTeK PSD. Fig. 3 shows the best alpha spectrum
for the Silicon Sensor PSD where, in addition to the intense
principal lines, the fine structure weak transitions from the decay
of the three nuclides are clearly seen.

In order to determine the position resolution ideally a dia-
phragm with very small holes should be used, but this would
require excessively long counting times, therefore larger diameter
holes are better suited. In this way, the same abovementioned
setup was used for the determination of the position resolution,
but this time a 1 mm thick aluminum mask was interposed
between the alpha source and the PSD. This mask was placed at
2.0 mm in front of the detector surface and it contains a square
array of 5�5 pinholes, 0.5 mm each in diameter (D) with a 1.8 mm
internal distance. Besides, on top of the mask a shield was
mounted in order to cover the PSD when not in use. The two-
dimensional position pattern obtained for the Silicon Sensor PSD
by using 0:5 μs shaping time is shown in Fig. 4. It was considered
that measured position patterns will be a convolution of the
detector resolution with the position probability distribution
defined by the holes (sh ¼D=

ffiffiffiffiffiffi
12

p
¼ 0:14470:014 mm). Assuming
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Fig. 3. Energy spectrum from a triple alpha source containing 239Pu, 241Am and 244Cm obtained with a PSD Silicon Sensor. The fitted line shape of the 5.486 MeV 241Am peak
gives an energy resolution FWHM¼33 keV if a shaping time τ¼ 2 μs is used.
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that both distributions can be represented by gaussian functions
therefore a two-dimensional gaussian fit was applied to each
spot of Fig. 4 giving rise to a measured resolution (sexp ¼ 0:1614
70:0012 mm). For the Silicon Sensor PSD the average detector

position resolution thus obtained was ΔL¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2
exp�s2

h

q
¼ 0:072

70:029 mm (standard deviation) while for the SiTeK PSD this
measurement was not carried out since, as will be explained
below, this detector began to show significant deterioration in its
performance.

Our energy resolution achieved for the SiTek detector is some-
what worse than reported in Ref. [7] although in that work a
similar PSD from the same manufacturer was used. However, this
may be a consequence of the intrinsic energy resolution of the
alpha source used in our tests. Also note that for RCD-PSDs with
larger area, such as 20�20 mm2 in Ref. [9], typically worse values
for both energy and position resolution are reached. The fact that
energy and position resolution are optimized for different values
of the amplifier shaping time constant is explained in the next
section.

3.2. PSD performance under ion beam conditions

To measure the characteristics of this position sensitive detec-
tor under normal RBS/C conditions, a 2.0 MeV helium ion beam
was produced by using a 2.5 MV Van de Graaff accelerator located
at the Ion Beam Laboratory of the Instituto Tecnológico e Nuclear
(ITN/IST) in Lisbon. The PSD was installed in a RBS/C chamber at an
angle of 1401 in relation with the beam direction while a surface
barrier detector (SSB) located at 1651 was additionally used to
compare the performance of both sensors. The same process of

optimizing the acquisition system mentioned above was per-
formed again but this time using an ion beam current of 5 nA
impinging on a thin Au/SiO2/C multilayer sample with a well-
known concentration deposited on a carbon substrate. At the
chamber entrance a 0.5 mm collimator was installed, while the
distance between the sample and the detector was 100 mm. From
Fig. 5, the RBS spectra collected simultaneously by both detectors
show that if the shaping time is set to 2:0 μs for the PSD and 0:5 μs
for the SSB, then the best energy resolution achieved under ion
beam conditions are ΔE¼ 37 keV and ΔE¼ 13:0 keV (FWHM) for
the PSD and the SSB detectors, respectively.

Subsequently, the shaping time for the PSD was set to 0:5 μs,
the steel mask was interposed between the sample and the PSD
and also the beam current was increased up to 50 nA in order to
give rise to two new two-dimensional patterns. The first one was
obtained by setting a ROI around the Au peak while for the second
pattern another ROI was set around the silicon signal. By analyzing
every spot of these patterns it follows that the position resolution
under these conditions were ΔL¼ 0:08070:026 mm (standard
deviation) for the gold peak at � 1:85 MeV (very similar to the
alpha source value) and ΔL¼ 0:24770:010 mm (standard devia-
tion) for the Si peak at � 1:1 MeV as can be observed in Fig. 6.
However, when the shaping time is set again to 2:0 μs the position
resolution for the gold peak worsen to 0.18970.014 mm. The fact
that position and energy resolution are optimized for different
amplifier shaping time settings, results from an intricate combina-
tion of several effects. On the one hand, the noise in each of the
position signals E1, E2, E3, and E4 is to a large extent dominated by
the Johnson noise in the dividing resistors, which is minimized by
the use of short shaping time constants [6]. However, the noise in
opposite contacts on the same side of the detector is anti-
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resolution of the detector 0.072 mm (standard deviation) was obtained if the pulse shaping time constant was 0:5 μs.
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pinholes is in front of the PSD surface.
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correlated, so that a large part of this noise is eliminated when
adding the two signals to calculate the energy signal. As a result,
the noise characteristics of the two energy signals E1þE2 and
E3þE4 are more similar to plain capacitive noise resulting from the
detector capacitance and can be minimized by long shaping time
constants.

On the other hand, there is the effect of ballistic deficit, which is
well known [6,9,18,20] to pose a major limitation for this type of
PSD: variations in the time it takes to collect the charges arising
from different locations within the detector lead to variations in
pulse shape, resulting in non-linear response to pulse height
inside the main amplifier. This degrades the integral energy
resolution of the detector and also introduces distortions in the
position accuracy. Ballistic deficit is e.g. responsible for the fact
that a better energy resolution is obtained if one only registers
events from the center of the detector, instead of integrating over
its whole area. The effect of ballistic deficit is generally minimized
by the use of long shaping time constants.

Besides considering energy resolution, position resolution and
linearity, the choice of shaping time constant is also influenced by
the fact that shorter shaping times lead to less pile-up effects at high
count rates, and thus always has to reflect a compromise between
different experimental requirements. For instance, a shaping constant
τ¼ 0:5 μs was set in order to carry out studies of lattice location since

in this case a better position resolution is required. This experimental
setup allows data-taking rates of up to about 1 kHz corresponding to
measuring times of about 10–20min for recording a meaningful two-
dimensional spectrum containing typically around 106 events. It
should be noted that if the beam current is increased even further
the spectra start to show distortions due to pile-up effect.

Regarding the possible radiation damage, it is worth noting
that after several experiments under ion beam analysis conditions
and fluences of the order of 4�108 part/cm2, the Silicon Sensor
PSD performance did not show any noticeable deterioration,
including the absence of significant changes in the inter-
electrode resistance measurements. On the other hand, the SiTek
PSD failed after less than 2 days of RBS/C beam time and an alpha
particle flux less than 5�106 part/cm2. Since often a radiation
tolerance around 109 alpha part/cm2 is quoted for ordinary Si
detectors, e.g. in Ref. [21], and since a similar PSD from the same
manufacturer used in a previous study [4] had not shown such
problems, this behavior was quite unexpected. Closer inspection
revealed that the resistance of the front electrode had increased
from � 10 kΩ to above 100 kΩ, resulting in loss of position
resolution and coincidence between front and back signals. The
failure seems hence to be caused by deactivation of the boron
(B) acceptors in the front electrode. Similar effects have been
reported in previous studies of resistive charge division PSDs [22]

Fig. 7. Measured blocking patterns when 2.0 MeV alpha particles impinge on a Si 〈100〉 single crystal sample. (a) RBS spectrum showing in red the ROI set around the silicon
edge in order to gate the 2D pattern. (b) Si 〈100〉 blocking pattern obtained when the sample is facing the detector while the result for fitting FLUX data to this experimental
2D pattern is shown in (c). (For interpretation of the references to color in this figure caption, the reader is referred to the web version of this paper.)
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and were attributed to the buildup of positive charges in the SiO2

entrance window, which compensate the B acceptors. It hence
seems as if the particular design of the entrance window and front
electrode of the SiTek 2L10UV_SU72 detector makes it unsuitable
for ion beam analysis applications.

3.3. Rutherford backscattering studies in blocking geometry

Several experiments were performed in order to characterize
the performance of the Silicon Sensor PSD for RBS/C in blocking
geometry with 2.0 MeV alpha particles. In the first experiment a Si
〈100〉 single crystal sample was used. In order to obtain a 2D
blocking pattern, a region of interest (ROI) around the Si edge was
set in the corresponding RBS spectrum depicted in Fig. 7a, corre-
sponding to particles backscattered from Si atoms in a depth
window of 0–2000 Å from the surface. The sample was then
rotated in order that the 〈100〉 surface direction was facing the
detector, and data acquired for approximately 2 h at a count rate of
1 kHz with a beam current of 5 nA. The measured 2D pattern in
Fig. 7b clearly shows the channeling effects of the axial 〈100〉 and
the families of planar (110) and (100) directions. The quantitative
analysis of the pattern was performed by comparing it to a number

of simulated patterns obtained by using the Monte Carlo simula-
tion code FLUX [23]. The fact that FLUX, which simulates the
trajectories of channeling ions entering a single crystal, can be
applied also to the case where particles originating from emitters
inside a crystal are blocked on their way out, exploits the
reciprocity theorem of channeling, which is essentially based on
the time reversal of ion trajectories in a single crystal. As has been
demonstrated in Ref. [4], this approach is feasible as long as the
energy loss of the alphas along the trajectory does not become too
pronounced. For the present purpose FLUX simulations were run
for a starting energy of 1204 keV, which corresponds to the energy
of alpha particles backscattered from Si atoms at the surface of the
sample. As value for the rms displacement of Si atoms at room
temperature u1¼0.0825 Å was used, derived from a Debye tem-
perature of TD¼490 K, which is well established for FLUX simula-
tions of that material [24]. A number of α emission patterns were
then simulated for the angular range of 73○ with a step width of
0.051, varying the angular resolution standard deviations in
between 0.041 and 0.41. The experimental result in Fig. 7b was
then successively fitted by theoretical patterns for different angu-
lar resolutions s, using fitting procedures outlined in Ref. [4]. The
best fit was obtained for s¼0.211 and the fitted pattern is shown

Fig. 8. Measured blocking patterns when 2.0 MeV alpha particles impinge on a 6H-SiC virgin sample. (a) RBS spectrum showing in red the ROI set around the silicon edge in
order to gate 2D pattern. (b) 6H-SiC 〈0001〉 blocking pattern obtained when the sample is facing the detector while the result for fitting FLUX data to this experimental 2D
pattern is shown in (c). Additionally, the inset of (a) shows the 6H-SiC 〈1101〉 blocking pattern obtained when the sample is rotated 171 respect to the above angular position.
(For interpretation of the references to color in this figure caption, the reader is referred to the web version of this paper.)
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in Fig. 7c . According to the fit results, the measured pattern
exhibited a minimum yield of χmin¼0.185 with an isotropic back-
ground of 5.7%. The isotropic background can be a result of
damage in the sample. When its value was fixed at 0% during
the fit, the best fit was obtained for s¼0.221, corresponding to
χmin¼0.153, hence quite similar values. The angular resolution of
s¼0.211 indicated by the best fit result can be compared to what
is estimated from the size of the beam spot and the position
resolution of the detector, taking into account the geometry of the
setup. For that purpose the beam spot size of 0.5 mm diameter is
approximated by a Gaussian distribution of 0.145 mm with the
same standard deviation. Using the position resolution standard
deviation of 0.25 mm for 4He particles backscattered from Si and
the distance of 100 mm from detector to sample, one estimates an
angular resolution of 0.171, in reasonable agreement with the best
fit results of FLUX simulations.

The setup was then used to measure the blocking patterns of
2 MeV 4He particles from a 6H-SiC 〈0001〉 single crystal (commercial
sample obtained from CrysTec GmbH). The corresponding energy
spectrum is shown in Fig. 8a. Similar as in the case of the Si sample, a
ROI was set for 4He particles backscattered from Si atoms in the
depth range of 0–2000 Å. The resulting angular emission pattern in
Fig. 8b shows the axial 〈0001〉 blocking effect, as well as the family of
major (112̄0) planes. Performing FLUX simulations in this case,
however, proved a bit more of a challenge, owing to the fact that
the Debye temperatures reported for SiC in the literature vary
considerably, e.g. 777 K [25], 851 K [26], 961 K [27], 1195 K [28],
1200–1300 K [29], 1472 K [30]. If one uses e.g. the rms displacements
of Si and C atoms corresponding to TD¼1200 K, i.e. u1(Si)¼0.0440 Å
and u1(C)¼0.0492 Å, as input in FLUX, then the best fit to the
experimental results is obtained for an angular resolution of 0.231

and indicates an amorphous fraction of 14.2% with a minimum yield
of 0.207. On the other hand, if u1(Si)¼0.0603 Å and u1(C)¼0.0611 Å
[26] is used, corresponding to TD¼851 K, the best fit is obtained for
an angular resolution of 0.241, indicating an amorphous fraction of
1.6% only, with a minimum yield of 0.154. These latter results would
confirm a good quality of the SiC sample and are shown in Fig. 8c.
Summarizing, despite of the uncertainty in the correct values for the
rms displacement of the Si and C atoms, the angular resolution in
both cases was in good agreement with the value obtained from the
Si sample. Following the 〈0001〉 measurement, the sample was
rotated to the 〈1101〉 axis, whose blocking pattern is shown as inset
in Fig. 8a.

In another experiment the Silicon Sensor PSD was used to carry
out lattice location study of Er ions implanted into AlN. The
sample, an AlN film with thickness of 3 μm grown by hydride
vapour phase epitaxy (HVPE) on a sapphire substrate, was pur-
chased from TDI, and implanted with 150 keV Erþ ions with a
fluence of 1�1015 at/cm2 at a 101 tilt angle between the ion beam
and the surface normal. Fig. 9a presents the corresponding RBS
spectrum of 2 MeV alphas where the Er implantation peak is
clearly observed. A ROI around the Al edge (in red) and the Er peak
(in green) were set in order to extract the 2-dimensional [0001]
blocking patterns from the Al host atoms (Fig. 9b) and the Er
impurities (Fig. 9c). With a beam current of 4 nA, count rate 1 kHz
and an irradiation time of about 3.5 h the measured minimum
yields were χmin(Al)¼23% and χmin(Er)¼50%, respectively. The
results show that about 2/3 of Er is incorporated along the AlN
c-axis, most likely on substitutional Al-sites. The Silicon Sensor
PSD therefore seems suitable to carry out lattice location studies
for an areal concentration of � 1� 1015 at=cm2 of heavy impu-
rities, e.g. in Si, SiC or AlN single crystals.

Fig. 9. Measured blocking patterns when 2.0 MeV alpha particles impinge on a AlN:Er (1�1015 at/cm2) implanted sample. (a) RBS spectrum acquired when the sample is
facing the detector θ2 ¼ 401. (b) AlN 〈0001〉 blocking pattern of alphas backscattered from aluminium (red ROI in RBS spectrum) (c) AlN:Er 〈0001〉 blocking pattern of alphas
backscattered from Er implanted into AlN film (green ROI in RBS spectrum). (For interpretation of the references to color in this figure caption, the reader is referred to the
web version of this paper.)
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4. Conclusion

Although resistive charge division position-sensitive photo-
diodes were designed for optical applications, the RBS/C measure-
ments and tests performed in this work confirm that they can be
also useful tools in ion beam analysis (IBA). However, not all
detector types are able to withstand the radiation damage under
typical IBA conditions, so that this needs to be tested for specific
models from a manufacturer. Due to its principle of operation and
the related noise characteristics and non-linearities, the integral
energy resolution of a RCD-PSD is not as good as ordinary Si
detectors, but also not much worse than e.g. an annular Si
detector. The angular resolution achieved with a suitable 10�
10 mm2 RCD-PSD using a 0.5 mm collimated 2 MeV He beam
backscattered from Si, SiC or AlN samples, is around 0.211. This
allows performing lattice location studies of 1�1015 at/cm2 of
heavy impurities by means of the blocking effect, although in this
energy range the angular resolution is worse than when using the
RBS/C technique with conventional, non-position sensitive detec-
tors. However, since the performance of RCD-PSDs considerably
improves at higher particle energies, they should be excellent
tools e.g. for performing RBS/C studies at beam energies around
4–5 MeV, as they are for instance available with Tandem accel-
erators. A particular advantage of the use of a PSD e.g. in RBS/C
studies is the relatively simple process of orienting the sample
with respect to the detector.
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