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Study of island growth in vapour deposited lead sulphide ﬁlrr‘i‘s
by optical diffraction from the electron micrograph. \
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.
Study of the properties of vapour deposited lead sulphide films is of importance
hocause ol their applications in devices as infra-red detectors,  Since most of the
magnetic, electrical and optical propertios of polyerystalline films depend eritically
on the thickness and microstructure, a study of the structural characteristics of
the films would be highly useful, The use of small angle X-ray scaltering and
small angle cleetron diffraction lor determining the particle sizes and size-clistribu-
tons is well known (Guinier & Fournet 1955, Ferrier 1969).  Beestown et al (1972)
havo reviewed the various studies on the optical diffraction from electron miecro-
graphs and have emphasised its uses in obtaining structural information. Hence
in the presont investigation, the island sizes have been determined by the optical
diftraction from the electron mierographs and also by the conventional technigue.
Preferred orvientation and the sizes of the coherently diffracting crystallites have
been determined by X-ray line broadening method.

Thin films of different thickness were deposited on glass substrates kept
at room temperature using an Edwards Vacuum coating unit under a vacuum
of 1075 torr.  The thickness of the films was estimated by the lors of mass method.
The surface structures of the PbS films used in tho present investigation were
studied by the carbon replicn technique. For obtaining better contrast the
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roplicas were shadowed with an alloy of gold and palladium. The micrographs
were obtained with the help of an A.E.1. EM 6 clectron mieroscope.  The optical
diffraction patterns were obtained with a lwer diffractomoter constructed in
tho laboratory using 1 mW Spectra Physics He-Ne laser (A = 6328 A.U.) as
the source. It is similar to the one described by Beoston et al (1972). A typical
clectron micrograph obtained in the present investigation has boen shown in
figure 1 with its optical transform in the inset. The intensitics were obtained
from the photographs with tho help of a recording microphotomoter,

From Debye-Ralcigh theory of scattering of light by spherical particles.
tho rolative intensity of scattered light at an angle ¢ is given by (Debyo 1947)

I, = [53 (Sin U—U Cos U)V e M

where
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where D is the diameter of the seattering particles, A is the wavelongth of the light
and 0 is tho scaltering angle. 1iq. (1) is valid for the case of m — 1, where o is
the ratio of the refractive index of the seattering particles and that of the medium.
Eq. (1) has first minimum wud maximum of intensity at U = 4:4924 and
U == 57617 radians rvespeetively. ¥or other values of m, the corresponding
value of U for different mninima and maxima can bhe obtained from Mie theory
calculations (Maron et @l 1963). The angular positions of the minima and maxima
are given by

D . (b o K .
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whore k; or K; correspond to ith minima and 7th maxima respectively.  Values
of k; and K; have been caleulated by many workers for different cases (Maron
et al 1963, Nakagaki & Heller 1960 and Kerker et al 1964). The above method
has been applied by Dandliker (1950), Dezelic & Kratohvil (1961), Maron & Elder
(1963) and othors for determination of particle size and the results are in good
agrecment with the electron microscopic data.

In tho present investigation the island sizes were measured from the positions
of the maxima and minima of the scattered intensity and by using eq. (3). The
island sizos wore also measured from the electron micrographs by the usual method.

X-ray diffraction profiles of the films were recorded with the help of a
Noreleo X-ray diftractometer and the crystallite sizes were obtained from the
line profiles by using the mothod of integral width (Williamson & Hall 1953).

14 is observed that in initial stages of doposition the islands show an irregular
structure. These islands however become almost circular in shape for films of
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greator thisknoss. It is also observed that initially the increase in island size
with the thicknoss is very slow. However for greater thicknesses tho rate of
increase iu tho island sizo is much greater. Tho optical diffraction patterns for
most of the micrographs show broad eircular inrerforence maxima, thus indicating
donse packing and uniform shape of the islands. Typical results for some of
tho films have been shown in table 1. )

Table 1. Structural parameters of load sulphide films.

Tsland sizo from

cleetron micrographs I Particle size from
Thicknoss n(AU) 200 X.ray analysis in AU
in AU - I —
Optical
Conventional diffraction (111) (200)
technique  technique
1500 200 300 — — -
1750 2560 300 -67 300 100
2350 200 200 60 350 120
4500 1000 1100 64 600 300

It is cloar from table 1 that at the initial stages of the growth there is an
incroase in the numbor of the islands with little increase in their size. Some
timos even there 1s an incroaso in the number of islands at the cost of the sizo.
X-ray analysis of the various films show that the ratio of the intensities Tyg/dyy,
is of tho ordor of 0:6, thus indicating a preferential growth of the erystallites with
LIl planes parallel to the substrate. Measurement of the cerystallite size per-
pondicular to the 111 and 200 planes shows that the erystallite size in the 111
dircetion is largor than that in the 200 direction. It is also observed that the
anisobropy in tho crystallite size decreasos with the inercase in thickness.
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