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ABSTRACT

Several modifications to the TMV CN Vande Graaff of the LNL have been perform
ed to allow 15N beam acceleration. Hydrogen depth profile measurements have been
performed. The structural changes, experimental apparatus and sample data are shown,

1. - INTRODUCTION

Several nuclear laboratories have devoted considerable efforts, over the last
years, towards the application of nuclear techniques in the solution of solid state and
material research problems. Rutherford backscattering and the use of low-energy nu
clear reactions for elemental depth profiling are of wide use, In particular, several
authors(l’ 2) have stressed the importance of hydrogen profiling to investigate the pro
perties of the material surfaces.

A particular interesting example, concerns the study of the surface behavior of
glasses, The increasing interest in these techniques is due to the important scientific
and technological problems dealing with the long-term durability of materials exposed
to acqueous corrosion in natural environments, such as geological glasses or glasses

incorporating high-level radioactive wastes,



In this paper we report preliminary results of hydrogen profile measurements

performed at the 7 MV Van de Graaff of the LNL using the 15N peam.

2, - EXPERIMENTAL SET-UP

The 7 MeV Van de Graaff accelerator of the LNL is a CN type High Voltage Cor
poration machine. The CN accelerator has been operating since 1962 and has been ex
tensively used in nuclear physics experiments.

The ion source is a home-made standard radiofrequency model coupled to a ma
gnetic triplet for the separation of singly and doubly charged ions(3).

The old magnetic triplet (Fig. 1) was designed to focus ions of H, D, 3He, 4He

into a 1.6 mm exit hole before injection
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FIG. 1 - Schematic representation of limit in energy for the 1SN™ ions is

the CN ion source. about 8 MeV limiting the depth profile

measurements to less than 104 A In the most common cases, the analysis of the hy
drogen concentration concerns the near surface of the sample, and 104 A is deep

enough to give useful information,



Nevertheless, in order to extend the energy range and consequently the depth of
analysis, a carbon stripper, equipped with 20 foils of 10 pgr/cmz, has been installed
10 cm after the entrance slits of the
magnet, The stripper increases the
charge state of the ions to be analysed
with a loss in intensity of a factor two,
and an increase in energy spreadof the
same factor, In Fig, 2 is shown a pic-
ture of the stripper.

The schematic experimental set-
-up for the H profile measurements

is shown in Fig, 3. The vacuum in the

target chamber is 3x 107 mbar and a -

FIG. 2 - The beam stripper.

liquid nitrogen trap is used in order to
condensate organic vapor residues. A tantalum diaphragm with a hole of 2 mm is lo-

cated 12 cm before the target.
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FIG. 3 - Schematic representation of the experimental apparatus and electronics.

The target chamber is 2 cm in diameter and contains 5 different targets. Every
sample used in the measurements shown in the following was 10 mm in diameter and
the non conductive samples were coated with a 100 A of evaporated aluminum in order
to prevent charge build-up on the surface,

A NaI(Tl) detector of 4" x4", placed at 2 cm from the target and at 0 degrees
with respect to the beam direction, has been used to detect the 4.43 MeV gamma rays
produced by the H(15N, a, }’)12C reaction, As shown in Ref. (4), the angular distribu-
tion of the gamma line is 30% more intense at 0 degrees than at 90 degrees. The de-

tector has been shielded from the gamma rays produced along the beam line with 5cm



of iron, not shown in Fig. 3.

In Fig. 4 are shown the gamma spectra measured off-resonance and at the reso-

nance energy.
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FIG. 4 - Gamma spectra obtained: a) off-resonace; b) on-resonance,
The sample was natural Ti with unknown contents of H on the surface,




In Fig. 5 is shown the resonance
shape of the E(15N) = 6385 keV reso- 310} Ti sample
nance obtained with a natural Ti sam ¢
ple.
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energy spread is less than 3 keV,

The data collection system(s) is FIG. 5 - Resonant yield of the 3.5-4,5 MeV
range gamma rays obtained with the same

. . A .
equipped with a 5 nsec ADC linked to sample of Fig. 3.

a HP 1000/E computer. The general

purpose acquisition code (SADIC) has been adapted to perform automatic yield measu-
rements with computation of the intensity of the gamma line at the end of each 155
energy point. The resulting yield curve can be plotted at the end of the profile measu
rement., A current integrator interfaced to the data collection system has been used
for charge normalization in the yield measurements.

In the standard experimental conditions no dead time corrections are necessary.
In fact, with a H concentration less than 20%, the counting rate, in the gamma energy
range 100-6000 keV, is lower than 0,5 KHz.

The profile curves have been obtained increasing the beam energy by steps of 15
keV and measuring at each step the gamma yield of the radiation, with energy in the
3.5-4.5 MeV range, integrating a total beam charge of 2 to 6 micro-Coulombs (20 to
60 seconds of duration). This means that for a standard profile (20 energy points) a
total dose of about 1012 15N zat’coms/cm2 is implanted on the sample,

As pointed out in Ref. (7), the background yield is the ultimate limit to the con-
centration sensibility. With the present set-up the background is of 30 counts/MeV/
/min, with the beam out of resonance, and of 40 counts/MeV/min, with a beam in-
tensity of 50 nAmp deviated on the diaphragm at the energy of the resonance,

The profile curve giving the H concentration versus depth can be obtained from

the yield curve, taking into account the energy versus depth relation (Stopping power)




and the yield of a standard reference sample of known contents in H, Using the usual

stopping power values in MeV/at/cm?2 the unknown concentration can be easily dedu

ced.,
One sample of a single crystal of Si (implanted with a total dose of 2x 1017 H

a’coms/cm2 at 30 keV (Fig. 6) and a sample of Hornblende (with a 4% in atoms con-
stant in depth of H concentration) have been used as references, The two references

give the same results for unknown samples within 10%.
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FIG. 6 - H profile of a Silicon sample implanted with 2x10"" H atoms cm
at 30 keV. A layer of Pd of 1000 A has been evaporated before implantation.

3. - EXPERIMENTAL RESULTS

Preliminary data have been collected in order to test the ability of the technique
to detect the H content of the surface of some materials,

The ion induced modifications of acqueous dissolution has been investigated in sev
eral silicates (soda-lime, amorphous silica, etc.) implanted with Pb ions and leach-
ed in standard conditions., The details of the target preparation and the interpretation
of the results are described in Refs. (8, 9).

The correlation between Na depletion and hydrogen absorption has been indicated
as the main result of the process of dissolution of the glass surface exposed to acque-

ous corrosion,



Special care has been devoted to verify the reproducibility of the measurements.
Long runs of duration equivalent to a profile measurement have been performed at
fixed energy where the profile concentration was steeper. No variation of the yield
has been observed,

Other samples of ionic salts and of LiNbO, showed a marked dependence of the
yield as a function of the beam intensity.

The measurements on SiO9 implanted with different doses of Pb ions at 1
keV/amu showed that the H penetration, after implantation and leaching, increased
when the ion dose exceeded a critical value between 1013 and 1014, Fig, 7, and
that, for long leaching times, the hydrogen decorated the defect distribution produ-

ced by the implanted ions Fig. 8.
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FIG. 7 - Hydrogen depth profiles of amorphous silica implanted with Pb ions at
increasing doses and leached 3 hrs in water at 100°C.

The experimental results showed that the hydrogen profile measurements are pos
sible also on non-conductive samples,

The sensibility of the experimental set-up was able to detect 0.2% of hydrogen
content,

Hydrogen buil-up due to organic residues was absent,
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FIG. 8 - Hydrogen depth profiles of amorphous silica implanted with 1015 pp
ions/cmz and leached in water at 1009C for increasing times,

Further experimental work is in progress, the investigation is related to poli-

crystaline silicon, LiNbOg for optical applications, etc.

We thank P, Buso for assistance in target preparation, I, Motti for the operation

of the accelerator during the measurements and the accelerator staff of the LNL,
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