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I include a paper on the depth distributions of damage (defects)
for IH implanted into GaAs, and some initial verbal results
from Sadana.

I include excerpts from the "Ziegler compilation" of stopping
powers and ranges of 'H ions in all materials, including Ge,
which is equivalent to GaAs, to provide information on
theoretical energy loss distributions to electronic and nuclear
events, as you suggested. If you wish more information on this
subject, I have dozens of papers on the subject, just let me
know. The Anderson/Ziegler work is a summary.

I have performed SIMS measurements of 1H depth distributions
in the 13 111 implanted samples of GaAs and GaP that you
originally provided. The results are described here and nine
preliminary figures are attached that illustrate the results.
These 13 samples were 0519-2, 0519-4, GaP 478 2E15 cm- 2 at
3500C, GaP 478 2E15 cm- 2 RT, eight A0865 samples implanted at
the four temperatures -140, RT, 180, and 350C, and each of
those at the two fluences 5E14 and 5E15 cm- 2 . The thirteenth
sample was implanted at 350*C and 4.23E14 cm- 2 . All samples
were implanted with 300 keY 'H ions.

I have also carried out an extensive study of VH and 2H
implants at energies from 20 to 300 keV into GaAs and Si at
fluences from 1E14 to 2E17 cm-2 and annealed them at tempera-
tures up to 700*C, including 350 0 C. This work was all done on
HRL IR&D, and I include a few selected results here where they
are relevant and complementary to this contract effort. In
particular, I compare the results for a 350*C anneal of a room
temperature implant with the results for the 350 0 C implants
that you provided.

I am very satisfied with the progress and results so far on
this mutual program and hope that you and Max Yoder feel the
same. Preliminary results are summarized below.

Preliminary Results: Sadana sees no evidence of defects or
measurable damage in any unannealed implanted samples of GaAs
by TEM measurements, in agreement with the recently published
results of Snyman and Neething (copy attached). Snyman and
Neething give damage depth distributions for IH implants into
GaAs measured by passing alpha particles through air and foils.
We will evenually compare these profiles with annealed re-
distributed H profiles of IH implants.

I measured the approximate densities of Si in your GaAs (Si)
samples and the S density in your GaP(S) samples. The results
are: GaP(S) 1.8 x Is cm- 3 , GaP(Si) % 1 x 1015 cm-3 0519
GaAs(Si) RT % 6 x 1010 cm- 3 , A0865P RT " 8 x 1017 cm-3
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A0865P2 RT 6 x 10 cm- . Unfortunately, I did not learn
until later depth measurements were made, that we did not
profile quite deeply enough to determine for certain whether
any redistribution of S (or Si) occurred in the deep regions
of the 1H implants. I will repeat these measurements to a
greater depth to answer this question.

Comparison of the 3500C implants with no post anneal with room
temperature implants subsequently annealed at 350*C (IR&D)
show essentially the same redistributed 1H profiles. That is,
a 3500C implant with no anneal and a room temperature implant
annealed at 3500C have the same 1H depth distribution and both
are clearly redistributed from an unannealed room temperature
implant. See the attached preliminary figures.

The SIMS detection sensitivities (background subtracted) for
'H in GaAs and GaP are between 1017 and 1018 cm

- 3.

1H profiles are slightly narrower in GaP than in GaAs, as might
be expected because the average Z of GaP is less than that of
GaAs. Profiles of 'H in both GaAs. and GaP are wider than in
the lower Z substrate Si (IR&D).

300 keV H ranges in GaP are 1+% greater (reproducibly) than in
?aAs. Note: There is an extra peak at shallow depth in the
H depth distribution for the 0519 samples that you provided.

This peak probably results from the implantation of an incorrect
1H ion energy that is implanted along with the desired 300 keV
energy. Also, the implant energy for the 0519 samples appears
to be ,, 2% less than 300 keV as determined by comparison with
our 300 keV H implants and with those of the A0865 series
(NRL). This incorrect energy probably results from
dissociation in the vicinity of the mass separator when the
beam line pressure is too high. Its intensity is only about
1% of the correct energy, but it is measurable.

Diffusion of H atoms during implantation at 180 or 350°C is
seen in the appropriate figures. Detailed depth distributions
depend on the implantation fluence and energy and on the
associated different H densities.

The 3500C 1H implant profiles show a broadening of the peak
toward the GaAs surface at high H density and a diffusion to
deeper depths for H densities below % 1018 cm - 3 , as we have
also seen for S, Se, and Te in GaAs. The implanted 1H atoms
diffuse to -u 8 m with a density of \, 1018 cm-3 . These results
probably explain (or are at least significant) the electrical
or wave guiding results of Hunsperger for deep wave guiding
in annealed GaAs.
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The 180*C implants show a slight redistribution in the directions
of the 3500C implants.

All of these observations are less evident for the 5 x 1014 cm
-2

fluences because of the reduced detection (dynamic range) of
the SIMS measurements, and possibly because of the lower
defect/damage level.

Sincerely,

R. G. Wilson, Head
Beam Processing Section
Electron Device Physics Dept.

Encl:

/dlm
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