FIZIKA 2 Suppl. 1 (1970) 69

References

1) B. Navin$ek, J. Appl. Phys., 36 (1965) 1678;

2) A. L. AkiSin, S.S. Vasiljev and L. N. Isaev, Izv. AN SSSR, ser. fiz.,, 26 (1962) 1356;
3) R. L. Hines and R. Wallor, J. Appl. Phys., 32 (1961) 202;

4) G. V. Spivak et al,, Dokl. AN SSSR, 114 (1957) 1001;

5) A. L Krohipa et al, Izv. AN SSSR, ser. fiz., 23 (1959) 741;

6) A. I. Krohina et al., Izv. AN SSSR, ser. fiz., 27 (1963) 1224,

7) C. M. Drum, Phys. Stat. Sol. 9 (1965) 635;

8) G. M. Batanov, Soviet Phys. — Solid State, 3 (1961) 642;

9) G. M. Batanov, Soviet Phys. — Solid State, 4 (1962) 1778;
10) I. A. Abrojan and V. P. Lavrov, Soviet Phys. — Solid State, 4 (1962) 3254;
11) H. 1. Liebl and R. F. K. Herzog, J. Appl. Phys., 34 (1963) 2893;
12) J. g‘isKerr, 15 th Annual Conference-Mass Spectrometry — Denver, May 14—19, (1967)

p. 5

13) C. Snoek, Thesis (1966);
14) J. F. Hennequin, Thesis, Université de Paris (1968);
15) H. E. Beske, Z. Naturforschg., 22a (1967) 459;

16) Z. Jurela, Atomic Collision Phenomena in Solids, Proceedings of the International Con-
ference, Brighton, North-Holland Publishing Company (1970) p. 339;

17) B. Ja. MojZes, FiziCeskie processi v oksidnom katode, Izdateljstvo ,,Nauka‘‘, Moskva (1968).

2.12 The sputtering of alkali halide surfaces with low energy irradiation

D. J. ELLIOTT and P. D. TOWNSEND, School of Mathematical and Physical
Sciences, University of Sussex, Brighton, England

In alkali halide crystals it is possible to transfer energy from incident
electrons or photons to single lattice atoms with extremely high efficiency and
produce defects in the material. Several models for the transfer process have
been proposed and there is now strong evidence to support those of Pooley
and Hersch!?). Briefly their models proceed by (i) excitation of a halogen ion
in the lattice to a higher state, (/i) movement of the central portion of the
ion to an adjacent site with the formation of a molecular ion and (iii) a
return to the new ground state. In this last stage the excess energy is
imparted as kinetic energy to the molecular ion and is sufficient to dissociate
the molecular ion and initiate a replacement collision sequence to separate the
vacancy and interstitial. The collision chain is propagated along a line of
similar atoms (in this case a {(110) direction) and one expects that if the chain
reaches the surface the last atom will be ejected with momentum along the
{110} direction.

Alternative theories of Varley, Klick, Williams» would also produce ejection
from the surface in the (110) direction but they require more energy for the
first stage since they consider this as an ionisation or multiple ionisation of a
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halogen ion. Successful sputtering experiments will be reported of KI bombar-
ded with photons up to 5eV. Electron induced sputtering of KI, NaCl, KBr,
KCI and LiF has also been observed with electron energies from 15 to 2 keV.

The threshold energies are too low to support models which involve
ionisation, however, they do not exclude the possibility that ionisation mechanisms
also exist at higher energies.

One consequence of all these models is that halogen ions or atoms will
be preferentially ejected in the (110) direction. The model do not explain how
the alkali metal leaves the crystal. Two possibilities are that this takes place
by surface diffusion or simple evaporation. Evidence will be presented which
suggests both these mechanisms are operative. The first has been reported
from Auger measurements on KCl which was partially coated with silvers.
During electron irradiation the KCl decomposed and a potassium signal was
observed from the top of the silver (i.e. diffusion). In our own experiments
measurements of the pattern in the (100) plane show a maximum near the
(110) direction superposed on a broad backgorund. The relative size of the
background increases with temperature which is consistent with the two proc-
esses; one of the halogen ejection, the other thermal evaporation of the metal.
The ejected material is in the from of neutral atoms. There is a thermal
activation energy for the total increacse in sputtering rate which is of the order
of 0.2 eV.

Support for the sputtering taking place in two stages, that is halogen
ejection followed by alkali ejection, is also found from Auger studies of the
decomposing surface. These show that the halogen is preferentially ejected until
one reaches an equilibrium with an alkali rich surface. The rate of sputtering
is then limited, one assumes, by the rate at which the alkali ions can be
removed by thermal processes.

Because one is studying extremely low energy processes at the surface of
the crystal the rate of sputtering is very sensitive to the initial surface condition
and one observes a wide range of surface features. In addition the sputtering
rate is strongly influenced by the history of the sample in cases where this
produced a high dislocation cencentration. Some of the features on the surface
are common to both air cleaved and U.H.V. cleaved specimens and the topo-
graphy also resembles that of ion beam irradiated specimens.

Since the Pooley-Hersch mechanism outlined above is relevant to the
alkali halides but not to all insulators then any surface coating (e.g. pump oil)
inhibits ejection from the crystal until one can remove this coating. This is
different from the case of ion beam irradiation where surface contaminants
merely give a different sputtering yield and one will eventually remove these
and reach the specimen of interest. In both ion beam, electron and photon
irradiation partial coating of the alkali halides produces a shadowing effect
leading to the growth of large cones or spikes. This was predicted by Stewart
and Thompson®. One property of such cones is that they always face directly
into the beam independent of the relationship of the crystal axes to the beam
direction. This result is observed for electron sputtered alkali halides. Such
cones may extend to the original surface of the crystal until the shielding

material is removed. In extreme cases cones as high as 100 microns have
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Fig. 1 Examples of cones and (100) edged pits formed during electron
irradiation of NaCl.
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Fig. 2 A sample of KI illuminated with ultra violet-light. The material

on the top of the larger conical features is at the level of the original
surface.
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been observed. The cones, or spikes are quite rough and typically subtend a
cone angle of 10 degrees for 1 kV electrons.

In addition to the very large cones which originate from surface contam-
inants there are also small cones which are typically 10 micron high. These
appear even on clean surfaces which are prepared by cleaving the sample in
high vacuum. Possibly these represent impurities within the crystal which are
exposed by the electron, or photon beam. Alternatively they may demonstrate
the formation of specks of colloidal alkali metal which have nucleated on the
surface.

The large spikes, once formed, also act as nucleation centres for recryst-
allization of the material. Such growth takes place predominantly from the
tip of the spike. This suggests that it is partially an electrostatic process since
this would be the region of maximum electric field if the tip becomes charged
through secondary electron emission. Ions from the vapour would thus be
attracted to this point. The process is extreme in lithium fluoride and electron
induced sputtering is almost entirely inhibited by the growth of redeposited
strands of LiF on the surface of the irradiated region.

One further feature associated with the spikes is that some very large
spikes are found which are bent, that is, they must have become curved after
being formed by the electron beam. These are rare but occur in the midst of
normal spikes, so one discounts electron beam ,melting* or accidental physical
damage. At present no explanation is offiered.

Whereas the cones are unrelated to the crystal axes the other common
feature on the surface of electron irradiated samples is crystalline in nature.
These are flat bottomed pits with the edges and sides cut along (100) planes.
Such pits appear in all sizes and frequently contain other smaller pits. They
show the same faces even if the crystal is cut and/or irradiated in a direction
other than a (100) direction. At present the only suggestion to account for
this feature is that atom migrate across the surface during irradiation and
produce facets with a minimum free energy and the stable faces are (100)
faces. This is obviously inadequate since a high rate of surface diffusion
might be expected to destroy the features of the spikes.

Finally, some experiments will be described on ’strained alkali halide
crystals. These show a variety of surface features after irradiation, in particular,
parallel rows of cones or pits. All the surfaces features may be interpreted in
terms of different sputtering rates for the following three regions. These are a
normal rate for pure alkali halide, a reduced rate at impurities (i.e. surface
dirt) and a greatly enhanced rate where dislocations intersect the surface.
Because impurities tend to nucleate at dislocations this also explains the asso-
ciation of spikes with deep etch pits and the rows of spikes along cleavage
steps and grain boundaries.
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2.13 Oxidation patterns due to bombardment under
variable incidence of copper monocrystals by oxygen ions

M. MEYER and C. MARELLE, Laboratorie Rayons, C.N.R.S. Bellevue, France.
P. HAYMANN, Faculté des Sciences de Rouen. Rouen X, France

2.14 Microtopography of metal surfaces eroded by ion bombardment

1. A. TEODORESCU, Institute for Atomic Physics, Bucharest, Romania

2.15 On the origin of surface topography on ion bombarded metal samples

N. HERMANNE and A. ART, Physique des Surfaces, Faculté des Sciences, Université
libre de Bruxelles, Brussels, Belgium

Our replica and transmission EM studies on ion (Argon) bombarded Cu
samples (dose: 1016 ions/cm2)? and the observations of several other authors?
enables us to propose a model for the formation of the surface structure which
appears on the surface of ion-bombarded metal $amples.

The fact that our experiments on bombarded bulk material and bombarded
thin foils (electropolished before bombardment) give exactly the same results
as far as relief structure is concerned, proves firstly that the obtained features
are independent of the preparation methods? before bombardment of both type
of samples, thus excluding electrochemical etching and thermal effects. Secondly
that the mechanism must be one compatible with bulk as well as thin material,
thus concerns a number of layers not exceeding a thickness of the thin films
(=150 atomic layers).

On the other hand, due to the values of the sputtering yield® that cor-
respond to the crystal orientation of the grains on which this surface structure





