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The Effects of Ion Bombardment on Molybdenite and Graphite
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Department of Applied Phgsi,cs, Nagoga Uniuerst'ty, Nagoya, Japan

The effects of ion bombardment on the specimens of layer structure such as nrolyb-

denite and graphite are studied by means of transmission electron microscopy. The

ion bombardment is performed by the use of ion gun with air or argon, operated

under the accelerating voltage of 5 to 10 kV. The effects of the ion bombardment

observed in electron micrographs can be classified as follows: (1) Appearance of pair

of ,, black and white spots ", (2) appearance of " pair of loops ", developed fron-r the

pair of spots, and (3) pinning up or tangling of dislocation lines at the positions of

pair of spots or pair of loops. These productions may be due to the aggregation of

point de{ects created by the impact of ion beam to the constituent atoms.

1. Introduction
The technique of ion bombardment has been

well known since many years ago as "sputter-
ing" and applie(l to several problems, such as

etching and cleaning of metal surfaces. In
these applications, the surface effects of ion

bombarclment have only been concernecl, but
recently theorettcal ancl experimental stuclies

have been cloile on the interactions of charged
particles ancl matter in connection with the
problem of " racliation clamage ", particularly
the lattice clefects producecl in specitnensl)-5).

In the present work, the effects of ion

bombarclment on the specimens of layer
structure such as molybclenite ancl graphite
are studied by means of transtnisslon electron
microscopy.

2. Experimental Results

stage, traces of steps existed initially on the

specimen are observecl and the electron clif-
fraction pattern from the same area is the

N-pattern showing that the crystal orientation
is not changecl. If another surface is put
near the bombarclecl specimen, molybclenite

crystals are formecl on it clue to the sputterecl

atorns (Fig. 4).

Except the etching effects, the effects of
ion bornbarcltnent are characterizecl by the

formatioa of the pair of black ancl white spots

ancl/or the pair of loops in transmission
electron microscopy (Fig. 5 ancl Fig. 6). These

black and white spots ancl pair of loops ap-

pearecl clepencling sensitively on the cliffraction
condition of the specimen, that is, these sizes

ancl intensity clistributions vary sensitively
with the tilting of the specimen, Lrut the

positions tlo lot change.

The specimens are preparecl by cleaving
bulk ones by the aicl of aclhesive tape to the 3' Discussions

thickness of about 1000 A. Similar black ancl white spots were ob-

The ion bcmbarclment is performecl by the servecl by BollmannT) for neutron-irracliatecl
use of ion gun") with air or argon in high graphite ancl also by Pashley ct al .a)for ion-

vacuum ancl operatecl uncler the accelerating clamagecl golcl. They interpretecl the pair of

voltage of 5 to 10 kV. spots as the aggregation of point defects

Ion bomLrarclment gives the inhomogeneous inclucecl by neutron or ion bombarclment.

sputtering over the specimen rvithout chang- The pair of lcoits seem developecl from the

ing the crystal orientation ever in the case pair of spots mentionecl above, ancl are alignecl

of severe damage of crystal surface. Fig. 1 in the sarne crystallographic clir:ection at least

shows a typtcal electron micrcgraph before in a limitecl area of electron rnicrograph.

ion bombardment of MoSr, in which cljslocation The intelsity clistribution, which depencls very

net-works ancl extinction contours are observecl. much upon the diffraction conclitions, is not

Fig. 2 shows the intermecliate stage of ion always symrnetrical with respect to the central

etching. Among the holes of several thousancl line of a pair.

A in size we can fincl small holes of the orcler of Scmetimes, dislocation lines are pinnecl up

100 A in size over the whole specimen. Fig. 3 to the pcs,tion of pair of loops (Fig. 7). In

shows the last stage of ion etching. In this acldition, although in a few cases, the tangling



Ion Bombard,nxent on Molabdeni,te and Graphite JJJ

Fig. 1. MoS2 before ion bombardtnent. Fig. 3. Last stage of ion etching for MoS:.

Fig. 2. Intermediate ion etching for MoSz
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Fig. 4. Crystal growth of MoS2 due to the sput-

tered atoms,
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Fig. 5.
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Irig. 6. Pair of loops incluced by bombardment for MoS2.

Fig. 7. Dislocation lines are pinned up to the positions of pairs of loops.
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Fig. 8. 1'angling of dislocation lines at tl-re positions of pairs of loops.
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Fig. 9. Pair of loops for graphite.
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of clislocation lines at loops (Fig. 8) is observ-
ecl, like the observation of Wilsclorf8)for
the specimen of nickel irracliated by neutrons.
Interactions between loops ancl clislocation
lines, as well as the similarity of Bolln-rann's
observations to the present ones, suggest
that the effects of ion bombarclment ancl

neutrcns irracliation are very similar in
physical nature. However, it must be notecl
here that these loops are not observed
homogeneously over the lvhole bombarclecl
specimen ancl also, in a very few cases, the
loops were observecl in the specimen without
bombarclment, although the nutnber of loops
increasecl clefinitely after bombarclment. For
the specimen of graphite, the effects of ion
bombarclment are quite similar to those of
molybclenite, characterizecl by the formation
of black ancl white spots ancl pair of loops
/F io Q\

Similar loops were observecl byHibi etal.e)in
the electron microscopes of KCI which were
bombarclecl by electrons ancl they interpreted
the loops as voicls createcl in the specirnen.
Previously, Pernouxr0), Mollenstecltt r) and
Rang", also observed similar loop images,
ancl interpretecl them as lens-shapecl voids.
In these cases, however, three pairs of
loops are always superposecl, corresponcling
to three eqivalent net planes. Therefore, the

present cases are rather harcl to be inter-
preted by the same model as in the cases of
Pernoux, M6llenstedt and Rang. On the
physical nature of the clefects, which are
observed as the pair of spots or pair of loops

in electron micrographs, will be cliscussecl in
the near future.

This work was carried out PartlY at
C.N.R.S. of Bellevue, France. The author is
grateful to Professor J. J. Trillat ancl also to
Professor N. Kato for their many helpful
cliscussions.
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DISCUSSION

Brandon, D. G.: Precisely similar contrast effects have been reported by Bowden
and rnyself for ion-bombarclecl golcl* and interpreted in terms of the strain fielc1 around
a dislocation loop perpenclicular to the foil surface. This interpretation has been con-

firmecl by Ashby anrl Brown** who have shown that a comparison of the bright fielcl

and dark fielcl images together with a knowleclge of the sign of the reciprocal lattice
vector giving rise to contrast can leacl to an unambiguous clerivation of the sign of
the loops, i.e., whether they are vacancy or interstitial.

* D.G. Rrandon and P.B. Bowden: Phil. Mag.6 (1961) 707.
*+ M. F. Ashby and M. Brown: To be published.

Amelinckx, S.: I wonder whether you have considerecl the possibility that the con-
trast effects you observecl are clue to lenticular cavities formecl on electron irracliation
in the microscope ? This takes place, for example, in mica.

Mihama, K.: As to the origin of loop-images, we have not yet any aclequate model,
but I think there is some clifficulty in interpreting them as the lens-shapecl cavities.


