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ABSTRACT 

The application of ion channeling to study the lattice site 
location of hydrogen in oolids is briefly reviewed. The tech­
nique has been applied to both metals anu semiconductors and is 
particularly valuable when combined with ion implantation for the 
introduction of hyd.::gen in the study of hydrogen trapping by 
defects. 
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The use of the ion channeling technique to study the lattice 
location of hydrogen in crystals has provided some of the most 
discrete and fascinating information on impurity site structures 
obtained by this technique. Direct determination of the crystal-
lographic site of hydrogen is important since it provides a link 
between theory and detailed trapping and migration studies. 
Channeling effect studies of hydrogen have been applied by sev­
eral groups, both for the case of hydrogen introduced by diffu­
sion in crystals with high hydrogen solubilities such as Nb and 
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Pd, 2 and also for hydrogen introduced ly ian implantation in 
crystals with low solubilities such as Al, W, and Si. 3, 1! 

The use of ion beams to study I'.yrfrogcn in solids has several 
distinct advantages.5 Ion implantation allows the controlled 
introduction of hydrogen independent of thermodynamic constraints. 
Thus, hydrogen can be introduced over a wide range of concentra­
tions, from the dilute phase up to very high concentrations above 
the solid solubility, in a single set of experimental studies. 
Secondly, the use of energetic beams provides for a sensitive 
method to detect hydrogen, primarily through ion-induced nuclear 
reactions or ion scattering or recoil techniques. This allows 
isoiopically selected detection of the hydrogen and also gives the 
capability tc rnnrJos tructi vel y determine the absolute hydrogen 
concentration vs depth profile. Finally, defects ore introduced 
in conjunction uith hydrogen implantation ai;u a (.articul arly 
fruitful area of study is that of hydrogen-defect interactions. 
Such defect interactions strongly aff.srt t\.? hydrogen mobility, 
.-.••> »(-=> understanding of hydrogen transport is quite i.r.cc ant to 
developing a (juaini.i.i. ic: t-i otion of the hydrogen enibrittle-
ment process. 

In applying the channeling technique to lattice location 
studies there are several limitations which must be borne in mind. 
The site of interest must be populated to a significant extent 
(> 20"). Secondly, a limited number of sites must be populated, 
preferably two or less, of moderately high symmetry to allow decu-
rate and unambiguous interpretation of the results. Thirdly, 
defects can be introduced by the analysis beam ;uring channeling 
measurements ana this sometimes sets a practical lower limit to 
the concentrations which can b3 studied; typically concentrations 
- 0.1 at.3 c m easily be investigated. Finally, the channeling 
technique provides the site of the hydrogen but does not provide 
information on the local configuration of the surrounding host 
a t om s. 

In Fig. 1 the principle of the channeling effect technique 
for locating impurities is shown schematically. Under channel­
ing the spatial distribution of a beam of particles is strongly 
modified from a uniform distribution to one which has a high 
probability density in the center of the channel and a low den­
sity at the position of the atoms in the rows or planes. As 
seen for axial channeling in Fig. 1 this distribution depends on 
the incident angle of '.he beam. Thus by monitoring the particle 
flux density by nuclear reactions or ion scattering a iiven 
impurity position in the channel will give rise to a characteris­
tic angular dependence. For example, positions a and b corre­
spond to the projected positions of the tetrahedrzl in'-'-stitial 
site along the <I00> axis in a bec crystal and the corresponding 
peaks in the angular yield curve shown below are indicated. This 
characteristic signature for the impurity which is obtained 
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1. Schematic of the principle of lattice location by the 
channeling effect. 

simultaneous!" ••*'"- ••*-* nf th" h? ct crystal is referred to as the 
angular distribution and is obiorved directly in the channeling 
measurements. 

The angular distribution for the case of 0 implanted into W 
is illustrated in Fig. 2. The D isotope is detected by the 
nuclear reaction D( 3He,p) 4He where the high energy emitted pro­
tons (= 13 MeV) are easily detected with essentially zero back­
ground arising from other interactions due to the 0.75 MeV 
incident 3He beam. The W signal 1s obtained from 3He backscatter-
ing from the W lattice atoms. The experimental data is shown 
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Fig. 2 Measured channeling <100> axial and (100) plana;- aigular 
distributions for D implanted into W. Dashed lines are 
calculated distributions and comparison indicates the D 
occupies the tetrahedral interstitial site. 

in Fig. 2 for both the <100> axial and (IOC) p1. ?.r,ar directions, 
along with theoretically calculated distributions (dashed lines) 
for the hydrogen on the tetrahedral and octahedral interstitial 
sites. The octahedral site distribution for the case of the (100) 
planar direction coincides with that for the W crystal lattice. 
Also shown in the insets are the projected positions for the 
tetrahedv.il sites corresponding to these particular channeling 
directions. As is seen in Fig. 2, relatively good agreement is 
obtained between calculation and measurement for D occupancy of 
the tetrahedral interstitial site in W. This site is observed 
both for implantations at 90 K and also for implantation or 
anneal temperatures up to « 400 K. 4 Comparison with other 
experimental studies of hydrogen isotopes in W suggests that D 
occupies the tetrahedral site both in its untrapped and trapped 
state and that at room temperature and above the deuterium may 
be in association with a lattice defe:t. 

A second example is niven by studies of D implanted into the 
other Group VI transition mecals Cr and Mo.6 Results are shown 
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in Fig. 3 for the <100> axial distributions after •cw temperature 
D implantation and subsequent annealing to 300 K. In this case 
the annealing results in the movement of the D from an apprecia­
ble fraction in the totrahedral interstitial site to a new well-
defined position near the octahedral interstitial site. Detailed 
analysis of the axial and planar data suggests that a single site 
is occupied with the D displaced from the exact octahedral inter­
stitial site as indicated by I for the case of Cr (displacement 
distance = 0.3-0.4 A) and by II in the case of Mo (displacement 
distance * 0.2 £ ) . Both calculated and measured distributions 
are shown for Ho whereas for clarity only the calculated distri­
bution is shown for Cr. The results indicate the D is trapped 
and suggest trapping by a defect, although 0-D interactions can-
net I:; excluded at this time. This site is observed to be- stable 
below stage III and one possible in te'-preiu'.:'..;': is that the D may 
be associated with a lattice vacancy., For example, in the case 
of site II for Cr the symmetry suggests thp possibility of a 
vacancy in the nearest-neighbor site, corresponding to the top 
or bottom of the octahedron i;f lattice atoms '.hnwn in Fig. 3. 
However, the theory of hydrogen-defect interactions in metals is 
inr'-if f i ci c"t at this time to provide direct theoretical compari­
sons to tnis possible interpretation. 
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Fig. 3 The <100> angular distributions for D implanted in Mo and 
Cr (Cr data points not shown for clarity) after anneal to 
300 K are shown along with the calculated distributions 
for the interpreted near-octahedral sites. 



In other recent applications the first loca 
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Fig. 4 The (110) plane of Si showing the site for D determined 
by ion channeling and several other interstitial impurity 
sites determined by EPR. 



case of 0 implanted in Fe.9 This has provided detailed informa­
tion on 0 in Fe, including the first lattice location measure­
ments. Such work is relevant to H migration in Fe-based systems 
and to developing improved understanding for a more quantitative 
description of H embrittlement processes. Further application of 
the channeling effect technique in the area of H trapping in 
technologically relevant materials would appear to be a very 
fruitful direction for such studies. 
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