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coarse, fibrillar domains. In both cases, macro-
scopically brittle fracture behaviour must be
expected. When a broad, diffuse shear zone is
built up, for example during compression at
higher temperatures and low deformation rate,
fracture becomes more ductile. This kind of
deformation will not be discussed in this letter.
Some details about it can be found in another
publication by the authors [12].
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Initial stages of growth and orientation of
bismuth and antimony films

Bismuth and antimony are semi-metals in their
bulk form and have primitive rhombohedral
unit cell structures which can also be considered
as hexagonal or deformed cubic structures.
Palatnik et al [1, 2] have carried out conden-
sation experiments on these materials as a function
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of thickness and temperature, and postulated that
in bismuth films deposited on amorphous sub-
strates the nuclei are spherical and that the conden-
sation occurs via a vapour—liquid—solid trans-
formation for substrate temperatures T >
(2/3)T,, where T, is the melting point of the
bulk material. For T, <(2/3)Ty,, the transfor-
mation is directly from vapour to solid. On the
other hand, in the case of antimony films, the
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mechanism of condensation is vapour—liquid—
amorphous solid for T, <(1/3)Ty,, vapour—
crystal for (1/3)Ty < T <(2/3)Ty and vapour—
liquid—crystalline solid for T >(2/3)Tm. The
significance of (2/3)T,, can be understood as it is
nearly the melting point of ultra-thin films of
metals [3].

In order to compare the growth and orientation
of bismuth films with those of antimony films,
the effects of substrate material, temperature of
deposition and thickness of the deposit on the
crystalline size and orientation were studied in
detail.

The bismuth and antimony films were prepared
by vapour deposition in a residual air pressure of
the order of 107 torr. The substrates were heated
and maintained at the required temperature for
a couple of hours before deposition. The films
were backed with a carbon film before stripping
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Figure . 1 Electron micrographs and
corresponding selected area diffraction
patterns of bismuth films deposited on
(001) NaCl at 180° C. Film thicknesses
are (a) 30A, (b) 80A and (c) 100 A.
(X 36000).

from the substrates whenever necessary. The
samples were observed under an electron micro-
scope working at 65 kV in the transmission mode.

Bismuth and antimony were deposited onto
(001) NaCl cleavages at temperatures ranging
from 25 to 200°C. It has been observed that
bismuth films show a change in the island shape
and size with increase in temperature. The films
become discontinuous above a temperature of
160° C for a thickness of about 300 A [4]. In the
case of antimony films, no appreciable variation is
observed in the size of the grains once the films
become continuous.

An increase in the substrate temperature
improves the crystallinity of bismuth films. For
example, an increase from 25 to 130°C results
in a change from polycrystalline to well-orientated
(012) films on (001) NaCl substrates. But amnti-
mony films deposited on (001) NaCl substrates
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remain polycrystalline up to a substrate tempera-
ture of 200°C with a mixture of (011) and
(001) orientations.

The thickness of the films has a little effect
on the grain size of the islands in the case of
bismuth films deposited at room temperature,
the grain size increasing with the film thickness
whereas the grain size of the antimony films
deposited on {001) NaCl seems to be independent
of film thickness.

In the very early stages of growth, the effect
cof film thickness is quite prominent on the
crystallinity of the deposit. Figs. la to ¢ show a
series of electron micrographs and the corres-
ponding electron diffraction patterns of bismuth
films deposited on (001) NaCl at 180°C It is
evident that as the thickness of the deposit
increases the films become of a (012) tfexture
type, the azimuthal mis-orientation increasing with

Figure 2 FElectron micrographs and
corresponding selected area diffraction
patterns of antimony films deposited on
(001) NaCl at 200° C. Film thicknesses
are (a) 30A, (b) 60A, and () 100 A.
(X 36 000).

thickness. In the case of antimony films deposited
on (001) NaCl cleavages at 200°C, very thin
films (~30 A) exhibit a single crystal diffraction
pattern and a small increase in thickness results
in polycrystallization of the deposit (Figs. 2a to ¢)

When deposited on (001) NaCl substrates,
bismuth shows two orientations, (001) and
(012). As the substrate temperature is increased
to-about 130° C, the (001) orientation vanishes
leaving a pure (012) oriented film. In the case of
antimony films deposited on (001) NaCl sub-
strates, (001) and (011) orientations are promi-
nent. An increase in the substrate temperature
up to 200°C does not produce considerable
change in the crystallinity of the films which
consist of (001) and (011) orientations. It has
been observed that the {012) orientation does not
occur in the case of antimony films deposited on
(001) NaCl substrates.
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On mica cleavages, bismuth forms three orien-
tations, (001), (011) and (012). At temperatures
above 130° C the films are purely (001) oriented
[5]. Antimony films on mica are made up of two
orientations, (001) and (011) when deposited at
room temperature. An increase in the substrate
temperature up to 80°C results in a predominant
(001) orientation. However the (01 1) orientation
is still present. Further increase in the temperature
results in the formation of polycrystalline deposits.

The initial stages of growth of bismuth and
antimony films and their orientation on sodium
chloride and mica cleavages differ considerably.
The crystallinity of bismuth films improves
continuously with increase in temperature whereas
antimony films deposited at a comparatively
lower substrate temperature are better oriented
than those deposited at higher temperatures.
Similar results have been reported by Mojejko
et al. [6] and they attribute this to the changes
in the size of the critical nuclei and also the
number density of the nuclei. It seems more
probable that the high mobility of the adatoms
on the substrate surface is responsible for the
polycrystallinity of thicker deposits as the
initially oriented nuclei grow and the film passes
from the nucleation stage to the growth stage.

The nature of growth and orientation of
bismuth films seems to be different from that of
antimony films. Increase in the deposition
temperature improves the crystallinity of bismuth
films whereas the antimony films do not show any
improvement when deposited on sodium chloride
substrates. However, antimony films show a better
orientation on mica at 80° C which is destroyed

with further increase in temperature. As the film
passes from the nucleation stage to the growth
stage, the initially well-oriented nuclei tend to
become polycrystalline because of the high
mobility of the adatoms on the substrate surface.

Acknowledgements

The authors wish to thank the University Grants
Commission and the Council of Scientific and
Industrial Research, New Delhi, India for the
financial assistance which enabled this work to be
carried out.

References

1. L. S. PALATNIK and Yu.
Phys. Doklady 5 (1960) 1072.

2. L. S. PALATNIK, G. V FEDOROV and P. N,
BOGATOV, Sov. Phys. Solid State 7 (1966) 2141.

3. K.L.CHOPRA, “Thin Film Phenomena” (McGraw—
Hili, New York, 1969) p. 137.

4. A. R. PATEL and G. K. SHIVAKUMAR, Ind. J
Pure. Appl. Phys. 14 (1976) 805.

5. A. R. PATEL and G. K. SHIVAKUMAR,J. Mater.
Sci. 12 (1977) 635.

6. K. MOJEJKO, K. PAPROCKI, M. SUBOTOWICZ
and M. RADOMSKY, J. Crystal Growth 36 (1976)

F. KOMNIK, Sov.

61.
Received 11 April
and accepted 1 June 1978.
A. R.PATEL
K.V.RAO
G. K. SHIVAKUMAR
Department of Physics

Sardar Patel University
Vallabh Vidyanagar 388 120
Gujarat, India

Deformation properties of austenitic
Fe—Ni—C alloy single crystals

Although numerous studies have been made to
investigate the properties of austenitic single
crystals in some ferrous alloys [1—6], the main
purpose of these studies was to clarify the mech-
anism of martensite formation in the single crystal
state. However no work has yet been reported
on the deformation of austenitic Fe—Ni—C single
crystals and the effect of martensite formation
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on the mechanical properties of the material,
probably because of the practical difficulties in
obtaining large crystals. In the present investi-
gation it was thought worthwhile therefore to.
study some deformation properties of austenitic
single crystals in two Fe—Ni—C alloys of different
composition.

The previous work on the deformation of
polycrystalline Fi—Ni—C alloys {7, 8] revealed
that the mechanical properties of the material
were considerably changed after the austenite
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