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ultrasonic cleaning in CClo, acetone and methanol, the
samples werc introduced into the implantat ion cham-
ber where the base pressure was 5 x 10 8 Torr. They
wcre implantcd with magnetical ly selected H{ or D.+
ions of energy ranging from 0.7 to 1.5 keV/amu and
f luences f rom 0.2 x  l0r7  a t /cm2 to  1 .9  x  1017 at /cm2.
The mean ranges are 2l to 38 nm ( >> oxide thickness).

The samples were transferred in air to the laser
desorption chamber where the base pressure is main-
ta ined be low 1x 10-8 Torr  by  mcans of  an ion pump
and a cryogenic trap. They wcre irradiated by a e-
switched ruby laser, having a Gaussian pulse of 25 ns
FWHM. The D and/or H part ial  pressure was accu-
rately measured by a quadrupole mass spectrometer.
The experimental setup is described in ref. [8]. The
laser energy was varicd from 0.1 to 2.I J /  cm2 . Most of
the laser shots were directed to different locations on
thc substrate, but for some experiments, successive
shots of increasing energy were accumulated on the
same spot (hereafter named "ramp").

Depth profiling was performed on irradiated and
non-irradiated zones by means of the ERD E x B
technique [9].  The 350 keV probing beam was aHe for
H prof i l ing and ' 'He for  D prof i l ing.  S incc the ion
beam can also inducc desorption, the f luence was
l imited to =2.5 x 10r-s He/cm2. The profi les were
correctcd for the depth varying resolution by means o{'
a deconvolut ion procedure which uses constrained B-
spl ine and delta-function [10].

The desorption data and the depth profiles were
compared to the kinetic simulations performed with
thc code DTRLAS [5], whose free parameters were
varied unti l  agreemcnt with both sets of data was
found. Vcry briefly, the photon absorption and the
heat flow are calculated accurately as a function of
t ime and space by f ini te dif ferences. In addit ion, at
each t ime step, the H or D evolut ion is simulated
according to the fol lowing equations:

-  de t rapp ing :ôCr / t ) t :  - uVn  'CT ,

with u : uo exp(- Eu/kT);

-  d i f fus ion:  D:  Do exp(  -ED/kT) ,

where Cr is the trapped concentrat ion and T the
space and t ime dependent temperature. Thc paramc-
ters  are the f requency factors  uVn- t  and D, , ,  the
reaction order n, and thc activation energies Eu and
.8,r.  In addit ion, bulk and surface retrapping and sur-
face recombination and desorption are simulated, but
are not detai led here sincc they were not found to be
ratc-l imit ing. Thc measured H or D implantat ion pro-
files are used as initial profiles; each successive laser
shot is simulated using i ts measured laser energy and
the calculated quenched profile obtained at the end of
the preceding shot after thc material has cooled down.
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3. Results and discussion

The saturation concentration, measured by the ERD
E x B method, is reached for a fluence of 0.4 x 1017
at./cm2 for both H and D implanted with an energy
near I keV into Be. The samples implanted with flu-
ences beyond this l imit contained less H or D than just
saturated samples, which suggests gas release from
blister exfoliation in oversaturated samples. Fig. 1
shows two examples of D desorption by laser for low
(Fig. la) and high (Fig. 1b) fluences of D implanted in
Be. Laser shots of increasing energy were fired at the
same position on the sample. When D is implanted at
low fluence, desorption starts at a threshold of 0.6
J/cm2, and the process is well fitted by a simulation
using the detrapping and diffusion coefficients re-
ported in ref. [7] and quoted above. However, when D
is implanted at high fluence, the desorption process
begins well  below the previous threshold. I t  can be
reproduced by two different models. One is a detrap-
ping-l imited model in which two traps of 1.0 and 0.8
eV (maybe actual ly a distr ibution of traps) are init ial lv
populated, and in which the detrapped molecules in-
stantaneously migrate to the surface and desorb
(suggestive of a short-cut to the surface). ttre second is
a diffusion-limited model with a low activation energl.
(0.18 eV). However, in this case, simulat ions shou that
the diffusion process would transport a large part of
the D atoms deeper into the bulk and so, the mean
depth of the profile would be strongly shifted. Fig. I
shows the measured and the simulated D depth pro-
f i les corresponding to this experiment. I t  is clear thar
the experimental depth profiles are much better repro-
duced by the two-trap desorption model than b1' the
diffusion-l imited model.

Fig. 3 shows results of the profile evolution follori -
ing laser desorption of H implanted to dif ferent f lu-
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o t r+  to

4 E + 1 6

2 E + 1 6

0

D 'Be
a) low f luence

b) high l luence

experimental
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Laser energy
0 . 9  1 . 2  1 . 5

in ramp (J/cmz)

Fig.  l .  Cumulat ive re lease of  D implanted in Be af ter  desorp-
t ion by laser energy ramp: (a)  0.4 keV, 1.75x1016 D/cml.  (b)
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0 0.2 0.4 0.6 0.8 1

Laser energy (J/cmz)
Fig. 4. Normalized hydrogen release after laser desorption
from a Be sample implanted with two different energies of 0.7

keV (o)  and 1.5  keV (  n  ) .

Wampler's [2] strong trap (1.8 eV), while the activation
energies found at high fluence (0.6 to 1.0 eV) are fairly
close to that of his weak trap (1.0 eV). According to
Wampler the strong trap was filled first (up to a D /Be
atom ratio of 5-10%), followed by filling of the weak
trap until its saturation. However, none of our data can
be similarly described by two well separated stages.
Rather, it appears that when the strong trap becomes
oversaturated (for D /Be > 14Vo), a transition takes
place which leaves all the H or D more loosely bound.
It remains to be seen if this difference is connected
with the rapid heating and quench produced by the
laser. Ongoing microscopy work is aimed at studying
this question [11]. The two dif ferent types of detrap-
ping occur at fluence values comparable to, but some-
what less than, those for which blistering starts to be
clearly observed. Then the desorption process which
was diffusion-limited becomes independent of the dif-
fusion. In addition, the laser desorption of such sam-
ples caused dislocation lines ending on grain bound-
aries to appear [11]" These l ines could faci l i tate the H
and D migration from the bulk of the material to the
grain boundaries and then to the surface. More work,
especially microscopy, is needed to characterize the
desorption mechanism in the high fluence domain.

4. Summary

We have performed laser desorption of H and D
implanted in Be at various f luences around 1 x 1017
at/cm2 with energies near 1 keV, and measured the H

or D depth profiles at various stages of the process.
When H or D are implanted at low fluences ( < 0.5 x
1011 at/cm2), the evolution of the profile is correctly
described by a single trap and a diffusion-like process
as described in ref. l7l. On the other hand, for high
fluences, where blistering and cracking appear, the
trapping energies are shifted from 1.7 eV to below 1
eV/molecule. Moreover, a comparison between mea-
sured and simulated H or D depth profiles before and
after the laser desorption shows that the process be-
comes independent of the diffusion (direct migration
to the surface) and is limited by detrapping only. This
observation is confirmed by the behaviour of the des-
orption yield versus laser energy which is the same for
two different energies of implantation.
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