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Elastic recoil detection analysis with heavy ions
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Detection of elastically scattered recoils instead of projectiles offers the possibility to unambiguously identify sample
components and is still a quantitative method for materials analysis. Large electrostatic accelerators delivering high energetic heavy
ion beams of excellent quality and large area ionization detectors with particle and position resolution are shown to be a very suited
combination to fully utilize the potential of the ERDA method. Using 170 MeV I or 200 MeV Au beams a sensitivity below 1014
atoms/cm? and depth resolution below 10 nm were obtained with 7.5 msr detector solid angle. The position resolution enables the
correction of kinematic energy shifts and, in addition, the observation of blocking patterns from single crystalline materials.

1. Introduction

Ion beam analysis was shown to be a valuable tool
for surface and thin film analysis. First of all Ruther-
ford backscattering spectrometry (RBS) with light ions,
typically 1-3 MeV p or He ions, is a successful and
often used technique for depth profiling of element
concentration [1]. Furthermore under channeling con-
ditions it gives information on the structure of thin
layers [2]. RBS is a simple and fast method, which has
one essential advantage compared to most analyzing
techniques, it is quantitative. The areal density of a
certain element, i.e. the number of atoms per cm?, can
be deduced from the measurement of elastically scat-
tered ions using Rutherford formula without any fur-
ther calibration. Of course the RBS technique has also
its limitations. Mass resolution for heavy elements and
sensitivity for light elements are poor, and except for
the surface, mass determination is not unambiguously
possible. Weak concentrations of elements cannot be
detected, if their energy distribution is overlapped by
other strong components in the sample. The mass
resolution of RBS can be improved with beams of
higher energies or heavier ions, but to overcome the
other limitations mentioned, different ion beam tech-
niques have to be used, e.g. PIXE (proton induced
X-ray emission) or NRA (nuclear reaction analysis) [3].
But there exists a physical complement to RBS, which
allows unambiguous particle identification saving the
quantitative feature: elastic recoil detection analysis
(ERDA).

Originally it was developed for H detection [9] or
light element profiling [5,6] with an absorber foil in
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front of the energy detector for beam suppression.
Subsequent advanced versions of ERDA used various
detection methods with particle identification capabili-
ties to avoid this absorber foil and the connected
difficulties. Time-of-flight (TOF) systems [7,8], mag-
netic spectrometers [9,10] and different kinds of parti-
cle telescopes have been applied for this purpose [11-
15]. In most cases medium heavy ion beams, typically
36Cl jons, have been used for ERDA so far with
energies around 30 MeV. But Stoquert et al. [16] have
demonstrated the large potential of this method, if a 16
MYV tandem accelerator and corresponding high ener-
getic heavy ion beams are available. Their work partly
influenced our intention at the Munich accelerator
laboratory to use our 14 MV tandem accelerator for
materials analysis. It is the aim of this paper to point
out the special possibilities of large electrostatic accel-
erators in surface and thin film analysis with the ERDA
technique.

First we will summarize the principles of ERDA
and give specific arguments of using very heavy ions for
this method. The depth resolution dependence on the
detection geometry will be discussed in more detail.
Then the experimental setup we use at the Munich
accelerator laboratory will be described including a
large area ionization detector system with particle and
position resolution. With typical examples of ERDA
we will illustrate in the last part, which results can be
achieved by simple energy detection of recoils as well
as by sophisticated detection methods with particle and
position resolution.

2. Basic principles of ERDA

The physical basis which has given the method its
name is elastic scattering of incident ions on a sample
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Fig. 1. Schematic diagram of the ERDA geometry.

surface and detecting the recoiling sample atoms, typi-
cally in reflexion geometry, as shown in Fig. 1. The
scattering process can be described by simple expres-
sions, if the projectile energy is within the range, where
Rutherford scattering can be assumed. A detailed dis-
cussion of the measured energy spectra dependency on
beam parameters and geometry can be found in ref.
[16], here we will give only a short summary with
special emphasis on the heavy ion aspect. The energy
E, transfered by projectile ions of mass m, and energy
E, to sample atoms of mass m, recoiling at an angle ¢
with respect to the incidence direction is given by:

dmm
E,= ————E, cos%. (1)

Eq. (1) can also be written as:
E, 4cos?p E,

m; (1 +m2/m,)2 my’

@

i.e. for ERDA with very heavy ions, where m,/m; < 1,
all recoiling ions have similar velocities. Therefore the
stopping power, which depends on the particle velocity,
is in the same regime for all recoils. We will come back
to this point later in the discussion of particle resolu-
tion with ionization detectors. From the corresponding
formula of the energy angle correlation of the scat-
tered projectiles a maximum scattering angle 8, ,, can
be deduced for m; > m,:

0oy = arcsin(m,/my). (3)

Thus with heavy ion beams in most cases scattered
projectiles can be prevented from reaching the detec-
tor, making absorber foils unnecessary.

The differential elastic recoil cross section oggp is
given by:

Z,Z,e* \ [ my +m,
OgRrDp = 2E,

where Z, and Z, are the atomic numbers of projectile
and sample atoms, respectively. For m,/m; <1 and
with the approximation m =2Z in Eq. (4) two essen-
tial consequences can be seen, first the sensitivity is

)2 cos ’p, €3]

m,

roughly the same for all elements and secondly it has a
Z} dependence on the projectile ion [17]. Thus very
low beam currents can be used in heavy ion ERDA,
avoiding excessive sample heating.

Special attention has to be given to beam induced
damage (sputtering or amorphization) with heavy ions.
If only nuclear interaction is taken into account, it has
been shown [18,10] that the ratio of recoiling to dis-
placed atoms is independent of Z, and only weakly
dependent on the projectile mass. But there are en-
hanced sputter yields with high energetic heavy ions
known for nonmetallic materials [19] as well as en-
hanced radiation damage in high T, superconductors
[20] probably due to electronic effects. Therefore very
heavy ion beams might be disadvantageous for certain
materials and lighter ions should be used. In any case
the acceptance angle of the detector system should be
as large as possible to minimize the radiation damage.

This demand however is in conflict with the require-
ment of optimum depth resolution usually, which fol-
lows from the depth resolution dependency on the
detection geometry. In the surface approximation and
assuming constant energy loss the depth resolution 8x
can be written:

3E, 1
8x = —E(Sre]) y (5)
where S, is the relative energy loss factor defined by:
dE,/dx 1 dE,/dx 1
Sear = E, sma  E in 8" (6)
1 a , sinpf

a and B are the incidence angle of the beam and exit
angle of the recoiling ion, respectively, connected to
the scattering angle ¢ by ¢ =a +B. It should be
noticed here that the depth resolution depends on the
relative energy resolution only, as well as the relative
stopping power of incoming and outgoing ions. Essen-
tial contributions to the energy spead & E, which can be
influenced, are the detector resolution and the energy
broadening due to the measuring geometry. The detec-
tor acceptance angle and the finite beam spot size
define a scattering angle range 8¢ causing a kinematic
energy spread 8E,;, according to:

SE,;, = 2E, tan . %)

A detailed analysis of the different contributions to
depth resolution shows [16] that this kinematic effect is
the predominant term near the surface, severly limiting
the permitted detector acceptance angle, whereas en-
ergy straggling dominates the resolution at larger depth.
If we estimate 8¢ for a scattering angle of 37.5°
causing a kinematic energy shift comparable to typical
detector energy resolutions of 1%, the angular spread
8¢ has to be less than 0.4°. The beam spot size
contribution to the angular spread can easily be kept
in this range, but the detector solid angle involved is
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Fig. 2. Schematic view of ionization detector layout.

0.04 msr only. Therefore a detector system with large
solid angle as well as high depth resolution must en-
able corrections for the kinematic energy shift.

3. Detector and setup for HIERDA

Large area ionization chambers with particle and
position resolution have been used since many years
for nuclear physics experiments and can be easily
adapted to any specific geometry. Detectors of such a
kind seemed to us the best suited for our new ERDA
installation at the Munich accelerator laboratory
[21,22]. The often used TOF spectrometers with solid
state detectors for energy detection are restricted to
small solid angles. A detailed description of our ERDA
detector is given in ref. [23], briefly, it is a transversal
field ionization chamber of 28 cm active length with
Frisch grid and subdivided anode electrode (Fig. 2).
From the anode signals AE and E_ the total energy
E.=AE + E_ as well as the atomic number Z can
be deduced. The detector gas used is isobutane at
pressures of 20-90 mbar with electronically regulated
constant flow. The entrance window consists of a grid
supported stretched polypropylene foil with 50 pg/cm?
typical thickness. It has to be noted that the foil
thickness homogeneity is of more importance for the
detector energy resolution than the absolute thickness.
The energy loss variation due to different foil thick-
nesses can easily surpass the effect of energy loss
straggling especially if heavy ions are detected. The
cathode electrode is divided in two insulated halfs with
“backgammon” shape (see Fig. 2), thus charges in-
duced at the right and left half give information on the
entrance position of the particles. The x coordinate
can be derived from the corresponding charges / and r
according to x = (I —r)/(l + r), whereas the y coordi-
nate results from y = (! +r)/E,, because of the posi-
tion independence of the anode pulses. For transfor-
mation of the (x, y) information into scattering angle
¢ a removable calibration mask in front of the en-

trance window is used which allows to correct for x
and y distortions too. An example of such a calibration
measurement is shown in Fig. 3 corrected only in the
scattering plane (x position). It should be mentioned
that the ion drift time to the cathode is of the order of
some ms, therefore to avoid pulse pileup the number
of particles entering the detector has to be limited to
1 kHz. The ionization detector can be connected to the
scattering chamber at different ports, corresponding to
scattering angles of 12.5, 25, 37.5 and 50 degr. (see Fig.
4).

The essential part contained in the 45 cm diameter-
vacuum chamber is a sample positioning system with
computer controlled stepper motors which allows lin-
ear sample movements in all three dimensions and
rotation around an axis perpendicular to the scattering
plane. This system is necessary for changing the inci-
dence angle of the beam on the sample surface without
moving the beam spot. Sample transfer is done by use
of a load lock system without breaking the chamber
vacuum. In spite of the positioning system originally
not designed for vacuum conditions, basic pressures of
1X10~7 mbar could be reached in the scattering
chamber.

Another smaller vacuum chamber is installed in
front of the ERDA chamber, mainly for RBS measure-
ments. This chamber contains besides a rotatable tar-
get wheel for RBS samples a second wheel, which can
be used for ERDA of thin foils in transmission geome-
try (Fig. 4). In this version of ERDA, only the energy
of the recoils is measured. Because of the limited
lifetime of solid state detectors with heavy ions we use
cheap PIN diodes for this purpose, which have suffi-
cient energy resolution [24]. This second target wheel
gives us also a possibility for beam current determina-
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Fig. 3. Two-parameter plot of (x, y)-position measurement
with calibration mask at the entrance window. The mask has a
pattern of 2 mm diameter holes with 6 mm x-spacing and 4
mm y-spacing. The y distortion is a measuring effect (see
text).
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Fig. 4. Schematic diagram of the RBS/ERDA setup. The use of the RBS chamber for ERDA in transmission geometry is
indicated. The beam is adjusted by use of Faraday cups FC1/2 and a TV camera.

tion, if absolute concentrations should be measured. In
this case a monitor foil (2 pg/cm? Au on 10 pg/cm?
C) is mounted on this wheel and the scattered particles
are detected with a PIN diode. The monitor count rate
is calibrated using a Faraday cup with secondary elec-
tron suppression.

4. ERDA with E detection

ERDA in transmission geometry, where only the
energy of the recoiling sample atoms is measured, was
extensively used for contamination analysis of target
foils for nuclear physics experiments. Target contami-
nations can be a severe problem especially if strong
contaminant reactions are interfering with weak reac-
tion channels to be studied. An example are self-sup-
porting '®Mo targets, which have been fabricated us-
ing a newly developed high vacuum sputter deposition
process [25]. Foils of typically 100 wg/cm? thickness
have been analyzed with 140 MeV '?’I jons at 37°
scattering angle detecting the energy of scattered parti-
cles in a 220 pum thick PIN diode. The energy spectrum
(Fig. 5) showed besides peaks corresponding to Mo
recoils and I projectiles scattered on Mo a surprisingly
high C contamination of 20 to 100 at.% in different
foils. In the experiments where these targets should be
used nuclear reactions on C would create an intolera-
ble high background. The C contamination could be
traced back in subsequent investigations to occasional
beam excursions on the graphite support of the Mo
sputter pellet. Using a Mo support the C content could
be reduced to the 1-2 at.% level of the O contamina-
tion probably originating from residual gas compo-
nents. Thus this simple ERDA technique could help to
improve substantially the target quality as also shown
in ref. [26] recently.

Another example concerns the production of a V
target with high H content for determination of the
electron momentum distribution of hydrogen in vana-
dium metal by (v, evy) spectroscopy [27]. For 100 keV
synchrotron radiation the mean free path of recoil
electrons is only of the order of 10 nm, therefore thin
self-supported target foils of VH, are needed. The
foils were fabricated by electron beam evaporation and
loaded afterwards with hydrogen by heating them in
hydrogen atmosphere. H content in the foils was mea-
sured with ERDA again in transmission geometry us-
ing 170 MeV *?’I ions. It should be noticed that ERDA
is more sensitive to H than to any other element.
Energy spectra of these foils (Fig. 6) showed only 5
at.% H content, whereas about 50 at.% O could be
detected. A possible explanation of the low hydrogen
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Fig. 5. Energy spectrum of transmission ERDA with 140 MeV

I beam on a Mo foil of about 100 wg/cm? thickness.

Recoils and scattered projectiles (Iy,) are indicated. The C
content measured is 75 at.% of Mo.
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content could be the strong oxidation of the V foils,
which seems to prevent a more effective hydrogen
loading. Consequently the vacuum conditions of the
production process have to be improved first. Thus
with ERDA and heavy ion projectiles valuable infor-
mation can be obtained on the light element content of
thin foils even if only the energy of the recoils is
measured.

5. ERDA with particle identification

Generally energy spectra of different recoil ele-
ments overlap due to finite sample thickness, therefore
particle identification is necessary to separate the con-
tributions of different elements. A typical example is
the analysis of thin TiN,O,~Cu films, which are devel-
oped at the University of Munich as tandem solar
absorbers with low emittance at high temperature [28].
TiN,O, films of typically 100 nm thickness were de-
posited by activated reactive evaporation (ARE) on Cu
coated glass substrates. To study the influence of oxy-
gen and nitrogen content on the optical properties of
these absorbers, samples with different partial pres-
sures of both components during Ti evaporation were
produced. The chemical composition of TiN,O, films
has been measured with different methods, but the
accuracy was partly limited due to peak overlap in AES
[29] or the small sensitivity of RBS to N and O [30]. We
used the ERDA method with 170 MeV ?’I beam,
37.5° scattering angle and equal incidence and exit
angle. Recoils were detected in the ionization chamber
described above with an effective solid angle of 7.5
msr. In this geometry and with Cu being the heaviest
component of the sample, according to Eq. (3), scat-
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Fig. 6. Energy spectrum of transmission ERDA with 170 MeV
1 beam on VH, foil. Recoils are indicated showing strong
contamination. The hydrogen peak corresponds to x = 0.05.

Fig. 7. (AE, E,) matrix of ERDA with 170 MeV I beam on
a TiN,O, film. Components of the copper coated glass sub-
strate are indicated.

tered projectiles could not reach the detector. To fur-
ther avoid pileup of signals from recoiling ions the
count rate of AE pulses was kept below 500 Hz,
corresponding to beam currents of less than 20 particle
pPA.
In the two-parameter plot of AE and E, . (Fig. 7)
all three components of the TiN,O, film can be clearly
identified as well as the copper coating and compo-
nents of the glass substrate. Even a small C contamina-
tion, probably gettered from Ti during deposition, can
be easily seen in the spectrum, although C is not fully
stopped at the gas pressure of 70 mbar used in this
measurement. Single elements can be resolved at least
up to Z = 15, but recoils with different nuclear charges
Z are only separated above a minimum energy of
roughly 1 MeV /u. This condition can be performed
with ERDA, in particular, if very heavy projectiles are
used creating similar velocities for all recoil masses as
mentioned above. The energy threshold for particle
identification with this detector type, i.e. the minimum
energy necessary to reach the E _, part of the joniza-
tion chamber, requires also projectile energies above 1
MeV /u, which makes a large accelerator really neces-
sary. In this study only the atomic ratio of the compo-
nents was of interest, therefore no further data analysis
was necessary and the information could be extracted
on-line from the corresponding integrals in the
(AE, E,) matrix. The accuracy was mainly limited by
the statistical error and, for the O and N content, by
surface contamination.

Another example where we used heavy ions for
ERDA as well as for RBS was composition analysis of
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Fig. 8. (AE, E_ ) matrix of ERDA with 170 MeV I beam on
a BaBiKO film. MgO substrate and C contamination are
indicated.

BaBiKO, one of the highest-temperature oxide super-
conductors (7, = 30 K) apart from the layered cuprates.
Here in Munich at the Technical University epitaxially
grown BaBiKO films on MgO substrates are fabricated
by a thermal co-evaporation process [31]. In the begin-
ning these films did not show superconductivity. It was
suspected either the stoichiometric composition was
wrong or some contamination occurred during the pro-
duction process. First to control the Ba to Bi ratio, the
high mass resolution of RBS with %0 of 25 MeV was
used. Then ERDA was made with 170 MeV '#'I ions
using our ionization detector, where besides K and all
lighter elements also Bi could be seen separated in the
(AE, E,.,) matrix (Fig. 8). Note that Bi recoils are well
below the energy threshold for particle identification in
our jonization detector. From integrals in the two-
parameter spectra and peak integrals of the RBS spec-
tra the composition of the films could be deduced
showing the correct stoichiometry. But in the two-
parameter plot also a very strong C contamination
could be detected, in some films even a ratio of K: C =
1:1 was measured. This contamination could be traced
back to the oil diffusion pump used in the production
chamber. After replacement by a completely oil-free
pumping system superconducting films could be pro-
duced with critical temperatures up to 23 K.

6. ERDA with position resolution

Whereas in the examples above depth resolution
played only a minor role, it is of great importance in
applications, where the contents of a certain element
in different sample layers have to be measured. High
sensitivity, i.e. large detector solid angle, can be com-
bined with high depth resolution only if the related
kinematic energy shift is compensated as was discussed

in section 2. The horizontal acceptance angle of our
ionization detector is about 6° for example which causes
an energy spread 3E of 18% precluding good depth
resolution. Thus we use the position sensitivity of our
ionization detector to measure the recoil scattering
angle together with energy and Z-information for ev-
ery detected particle. In further data processing which
is described in detail elsewhere [23] the energy of each
event is shifted corresponding to one common scatter-
ing angle.

An application of the resulting depth resolution is
the analysis of the oxygen concentration in metallic
films on oxide substrates which have been prepared at
the Hahn-Meitner-Institut in Berlin [32]. ERDA was
performed with 170 MeV '?’I ions and recoils were
detected at 37.5° mean scattering angle. Due to the
large solid angle of the ionization detector (7.5 msr)
total fluences of 10'% at. /cm?* were sufficient for these
measurements. The energy spectrum of recoil oxygen
ions from an epitaxial Nb film on Al,O, substrate is
shown in Fig. 9 which has been corrected for kinematic
energy shifts. The Nb film was covered with a thin Au
layer immediately after evaporation deposition in order
to prevent the oxidation on air. Also shown in the
figure is a simulation of the data with the program
RUMP [33] used in a slightly modified version for
spectrum analysis sofar. The normalization was derived
from an adjustment of the fit to the Al,O; substrate.
In the expanded part of Fig. 9 an additional oxygen
peak can be seen from surface contamination, the
estimated depth resolution at the surface is around 20
nm. In the simulation indicated by the smooth line an
oxygen-free Au layer of 20 nm thickness has been
assumed, whereas the Nb film was best fitted with a
constant oxygen concentration of about 1.5 at.%. This
was a surprising result. Because of the UHV conditions
during film preparation an oxygen-free Nb film had
been expected. Besides the possibility that the oxygen
contamination occurred during film production, there
is, in the present case, also a chance of contamination
in a later stage since the film had been charged with
hydrogen. This example clearly demonstrates the possi-
bilities of ERDA with good depth resolution for oxy-
gen profiling of thin films which quite often is a prob-
lem on substrates with high oxygen content. Here one
takes advantage of this high content to normalize the
data on a known oxygen concentration.

Depth resolution is also a prerequisite for a very
different application of the ERDA technique, where
radiation induced changes (sputtering or mixing) of
thin surface layers will be measured. In this case heavy
ions are used to simultaneously sputter and analyse the
surface. Recently, Sudgen et al. [34] studied with this
method sputter effects by 30 MeV Cl ions on thermally
grown Si0, films at UHV conditions. Using also this
method we have started measurements of sputter yields
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Fig. 9. (Upper part) O recoil energy distribution from a Nb

film on Al, 0, covered with Au. ERDA was measured with

170 MeV I beam. Energies are corrected for kinematic shift.

(Lower part) expanded view of the high energy part showing
O peak from surface contamination.

with high energetic very heavy ions for two reasons.
First we are interested in the tolerable ion fluence to
prevent sample alterations during heavy ion ERDA,
secondly it is of basic interest, if enhanced sputter
yields known for insulating materials due to electronic
effects [19] can be also measured for metallic materials.
In order to answer the first question a mulitilayer target
consisting of 15 nm Al, 30 nm ®Cu, 30 nm Al and 30
nm %Cu layers on Si substrate has been irradiated with
200 MeV Au ions and currents of 0.5 particle nA [23].
The 30 nm Al layer was thought to be not affected by
sputtering acting as a reference for normalization. Be-
sides the Al and Cu peaks additionally in each inter-
face O, N and C contamination peaks were seen with
concentrations down to 2 X 10" at./cm?. The depth

resolution achieved at 3.5° incidence angle was about 7
nm for the Al surface layer and about 5 nm for the Cu
layer near the surface, thus recoils of the two Al layers
could be easily separated and their areal densities
compared for increasing ion fluence. No change of the
peak area ratio could be observed up to a maximum
fluence of 4 X 10'* at./cm? which is more than ten
times the fluence usually needed for sample analysis.
Therefore this heavy ion irradiation performed at our
standard vacuum conditions, ie. 5X 10~7 mbar, did
not create a measurable sputter effect. This might be
different for nonmetallic samples. A new UHV setup is
in preparation to continue these investigations at well
defined surface conditions.

Surface depth resolution of our ERDA system with
correction of the kinematic energy spread is limited by
the detector energy resolution (including entrance foil
effects) which has been seen in routine operation to be
0.8% for O or Al Best values of energy resolution
measured with an ionization detector are 0.4% [35],
thus substantial improvements of depth resolution can
be expected only of different energy detection meth-
ods. Dollinger et al. [36] have demonstrated nearly
atomic resolution, namely 3.5 /°X, using the Munich
Q3D magnetic spectrograph with its superb energy
resolution of 0.05%. This resolution could be obtained
for a solid angle of about 2 msr due to special multi-
pole elements in this spectrograph to correct for kine-
matic energy shifts, It points out also the excellent
beam quality which can be delivered by an electrostatic
accelerator.

7. Blocking ERDA

The two-dimensional position resolution of our de-
tection system offers the opportunity to try a new
variety of ERDA making use of the blocking effect
which we call blocking ERDA therefore. Recoil atoms
starting in single-crystalline materials in direction of
crystal axes or planes are blocked and give rise to very
distinct angular distributions. Since blocking trajecto-
ries can be formally treated as the time reversals of
channeling trajectories angular distributions of block-
ing are identical to the channeling angular distribu-
tions for the same scattering conditions [37]. Impres-
sive blocking patterns have been seen with radiation-
sensitive films, but for quantitative structural analysis
suited detection systems were lacking. Nuclear physi-
cists, however, used this effect since its discovery to
measure nuclear lifetimes in the range of 10~ to
10'° s [38)]. Recently a Bragg ionization chamber in
combination with a position sensitive detector has been
applied for this purpose [39].

In order to test, if the position resolution of our
ionization detector is sufficient to resolve blocking
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Fig. 10. Blocking pattern of Si(111) single crystal irradiated by
170 MeV 1 ions. Si recoils shown for a 0-100 nm depth
window are blocked by a (111) axis and related planes.

patterns, the (111) surface of a 3 mm thick Si single
crystal was irradiated by 170 MeV I ions. The crystal
surface was oriented to have a (111) axis pointing at
the center of the detector entrance window. In Fig. 10
a two-parameter plot of the x and y position of Si
recoils calibrated in corresponding angles is shown
with a depth window set on the first 100 nm. Clearly
the blocking effect of the (111) axis and corresponding
planes can be seen. The slight y distortion is an
artificial effect caused by the measuring method which
can be corrected using the (x, y) calibration. From this
matrix axial and planar values of x,,, and ¢, , could
be extracted as described in ref. [40]. This new ERDA
technique which allows to measure blocking patterns of
different sample components simultaneously has to be
further tested for its capabilities in structural analysis.
Beam induced damage in particular has been found to
limit the usefulness of channeling ERDA for this appli-
cation, if a TOF system with small solid angle is used
[18]. Blocking ERDA with a large solid angle detector
could overcome this limitation. Moreover it opens the
possibility to study systematically the damaging power
of heavy ions in single crystals looking into dechannel-
ing effects during irradiation. Pioneering work in this
field has been done by Karamyan [41] recording the
blocking patterns with track detectors.

8. Summary

We have tried to give some typical examples of
problems in thin film analysis which can be very well
solved with heavy ion ERDA. Cross section depen-
dence and scattering angle restriction favor very heavy
ions as projectiles for ERDA, whereas detection of
recoiling sample atoms enables particle identification.

For this purpose a large tandem accelerator and an
ionization detector seem to form a perfect team. High
energetic projectiles are necessary for good energy and
particle resolution of ionization detectors which in turn
have two very desired properties for ERDA: large solid
angle and position resolution. This results in combina-
tion with the very good beam quality of a tandem
accelerator in high depth resolution and sensitivity,
values below 10 nm and 10" at./cm? could be
achieved, respectively. Although energy detection of
recoils only has been shown to give valuable informa-
tion in target foil analysis, for most applications a more
complete characterization of recoils has to be done.
Particle resolution allows to unfold the energy spectra
of different elements at least up to Z = 15, whereas
additional position resolution besides improving depth
resolution opens the possibility of recording blocking
patterns. As a result the ERDA method cannot only be
applied for depth profiling and structural analysis of
materials but also in basic research of sputtering or
damaging with heavy ions.
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