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Orientation Determinations of Crystals Using Ejectiori Patterns
Resulting from Ion Bombardment*

R. L. CUNNINGHAM AND JOYCE NG-YELIM
Department of Mines and Technical Surveys, Ollawa, Canada
(Received 3 February 1964)

Data on six common metals are presented to indicate the general usefulness of ion bombardment for
orientation determinations of fcc and hee crystals. The accuracy is 3° or better and is attained by the use of
hemispherical collectors and a simple optical projection device. No film processing isinvolved and a complete
determination, including all operations, usually takes less than 20 min,

INTRODUCTION

ESEARCH, to an ever increasing extent, is con-
cerned with investigations of directional lattice
properties and properties of specific surfaces so that
single crystals of known orientation are frequently
required. The orientation is usually determined by
Laue x-ray patterns or by an x-ray spectrometer

technique. This paper presents another technique -

applicable, at least, to face-centered and body-centered
cubic structures, and fragmentary data indicate that it
may be useful for other structures as well. The technique
is based on the directional ejection of atoms from
crystals while being subjected to ion bombardment
under vacuum. Wehner,! who discovered the phe-
nomenon, noted that the ejection was largely restricted
to a few principal crystallographic directions, and sug-
gested that it might be useful in roughly determining
crystal orientation.

Nelson,? using 2-keV argon ions in trangmission at
normal incidence and flat collectors, deterinined the
preferred orientation of thin foils of five fcc metals
prepared both by evaporation on salt substrates and
by rolling and annealing,

In an investigation in which aluminum (fcc) crystals
were bombarded with 8-keV argon ions along chosen
lattice directions and at various angles to surfaces pre-
pared close to (100), (110), and (111), Cunningham,.
Gow, and Ng-Yelim? using hemispherical collectors
and an optical device, demonstrated a technique which
showed that the predominant ejections invariably cen-
tered about the [110] directions with an accuracy
sufficiently high to make orientation determinations
practical.

Since that time an investigation of the method per se
has been undertaken. This paper, based on data from
several fcc and bee metals, demonstrates the usefulness
of this technique for the oricntation determination of
single crystals and crystals in a coarse-grained sample
by a microtechnique.
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EXPERIMENTAL TECHNIQUE AND RESULTS

Samples should preferably be electropolished to re-
move the cold worked layer. The oxide layer which
forms on some metals, such as aluminum, may be re-
moved in the early stages of bombardment if mass-
spectrometer grade argon is used and if the apparatus
is sufficiently tight to prevent oxygen contamination,’
e.g.,~10-% Torr,

To obtain useful patterns, operating conditions must
be chosen so as to prevent buildup of severe damage in -
the surface layers. This may be accomplished by bom-
barding with ions of sufficiently low energy for the metal
concerned or by annealing out the damage during bom-
bardment.* However, published data -indicate that
many metals have given satisfactory patterns when
bombarded over a wide range of ion energies; e.g.:
Au at 0.1-0.8 keV,* 2 keV,240 keV,fand 43.5 keV?; Al at
8 keV? and 50 keV?; and Ag at 0.15 keV,! 2 keV,? and
8 keV by ourselves. Keeping in mind the necessity for
rapid orientation determinations for a large number of
common mectals, the authors chose a 100-zA beam of
8-keV argon ions. In the interests of sharp patterns the
beam was confined to about 2 mm? giving a current

-density of about 5 mA/cm? Under these conditions

satisfactory patterns were obtained from single crystals
of silver in 15 sec, copper in 2 min, aluminum, tungsten,
iron, and beta-brass in 5 min or less. No patterns were
obtained from the reactive metals tantalum, niobium,
and vanadium. Anderson,® however, reported patterns
from these metals using energies below 0.8 keV. The
authors were limited to experiments in the range 4 to
12 keV by an ion source of the glow discharge type.

Figure 1 is an assemblage of ejection data from the fcc
metals silver, copper, and aluminum, and from the bcc
metals iron, tungsten and beta-brass, each plotted on
standard (100), (110), and (111) projections. The fcc
metals gave identical results and hence the data from
each of these metals are plotted without distinction in
each of the top row projections. The bce metals gave
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