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Preferred Orientation of Crystallinity in Thin Films
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A review is given of the recent studies on the

preferred orientation of the crystallographic axis

of crystalline aggregates. Two results of by Bauer’s model which are helpful in the understanding

the growth of oriented films on amorphous substrates, are explained, They are the equilibrium form

of a crystal in a film formation and the angular dependence of the condensation on a given surface

configuration. 1t is also shown, following the latest studies by Wilman et al, that the distribution

function £(@) for the relative area of the film surface elements, corresponding to the Bragg reflection

arcs, can be calculated from the observed relation between the tilt angle § of the orientation axis

and the incident angle i for cubic and hexagenal materials. This is followed by a discussion on of

the new technique “graphoepitaxy”, growth of a single crystal film with a preferred orientation on

an amorphous substrate having an artificially created surface-relief grating.
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Fig. 1 Different orientations ) I-0; (b)) II-0
{¢) random ovientation ; (d) singlecrystal orien-
tation. The curved double arrows indicate devi-
ations from the preferred directions (ref. 26).
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Fig. 2 Equilibrium forms of a deposit A on a su-
bstrate B. (a) without contact with the substrate
A=0; (b and {¢) when in-contact if G250 (ref.
28).
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Fig. 4 Some simple crystal habits and orientations.
{2) cube, (b) octahedron, (¢) rhombic dodecahe-
dron, (d) hexagonal lattice (ref. 8).
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Fig. 7 Evaporated CaFz film, Ts=240°C, d=4004,

i=45°, FEvaporation from the bottom of the
picture. {1103¢1113-11-O (ref. 8).
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Tig, 8 Evaporated CaFg film. Ts=1407C,
i=45°, Hvaporation from the right,
{1103 111-11-0 {ref}). 8).
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Fig. 11 Electron diffraction observations on the
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Fig. 12 Model of the graphoecpitaxy techaique: (a)
(100) orientation on a smooth amorphous substr-
ate; {(b) uniform (10¢) orientation obtained when
the (100) textured film is formed on a square-
wave relief structure; {¢) uniform (110} orienta-
tion obtained when the (100) textured film is
formed on a 90° saw-tooth structure (raf. 41).
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Fig. 13 Model of the graphoepitaxy technique :
{a) (111} orientation on a smooth amorphous su-
bstrate; (b) uniform (100) orientation obtained
when the (111) textured film is formed on a
70.5° saw-tooth structure; (¢) uniform (110) ori-
entation obtained when the (111) textured film
is formed on a 109.5° saw-tooth structure; (d)
uniform (111) orientation obtained when the (111)
textured film is formed on a relief grating with
facets intersecting at 109.5° and 70.5° (ref. 41).
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Fig. 16 Growth sequence of a cubic material on
a square-wave structure for the case of perfect
decoration of the vertical steps (ref, 40}
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Tig. 17 Growth sequence of a cubic material on a
square-wave structure where nuclei oceur both
at the ateps and hetween the steps (ref. 40).
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Tig. 18 Growth sequence of a cubic material on a
square-wave structure where the nucleation is
random and few nuclei occur at the steps, If
the network stage of thin film growth occurs
before the islands contact the steps, as in {e),
oriented growth would be unlikely (ref. 40).
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Fig. 18 STEM of KCl grown on & 3,200 A period
grating in amorphous SiOz{ref. 38),
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