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ABSTRACT

Structural, optical and electrical properties of thin
. ————

films of lead-mercury chalcogenids systems, flash evaporated
on gi;és and freshly cleaved singls crystal KBr substrates
maintained at different temperatures, are reported in this
thesis.

Rasults of investigations show that it is possibleg to
grow single phass Pb1angXS ternary alloy films over a

composition range 0,07 £x<0.93. The films grow by an atom=by-

atom condensation process. Bonding orbitals of the adatoms

0
appaar to retain their character as in PbS (a = 5.936 A,
0 (n]
F 3 -00)7881 andot-Hgs (a = 4.15 &, © = 9.50 4, 04)88-91,

and hence the resulting ternary compounds behave as if they

were apparent alloys of the tuo binary semiconductors., Available
freedom of overlap and directional orientation of the interacting
orbitals, which deterﬁine the lattice and bana structures of the
resulting alloys, depaends on‘adatom mobilities which are
controlled by the temperature of substrates during grouth. It

is observed that single phase f.c.c. Pb1_ngXS films can be

grown over the composition rangs 0.07< x£0.93 on substrates
maintained at 100°C. Epitaxy can be achisved in the lead rich

+ (0.07«&x¢0.,50) films if the film were deposited on freshly
Cleaved KBr substrates maintained at this temperature. Films
grown under the restricted adatom mobilities on substrétes at
50°C and 25°C shou that the lattice parametsrs of the lsad

rich films increase with decrsase in substrate temperaturs,
whereas, crystal structures of mercury rich films change to
simple cubic in the T8 of 50°C and amorphous in TS of 25°¢C films,

The low symmetry structures can be modified to those with higher

'



iii
symmetries by thermal ind laser beam annealing of ths films,
Optical absorption studies indicats presence of a direct and

an indirect optical gap in lead rich Pb Hg S films, whereas,

1=X
the mercury rich films show a direct band gap only, The direct
optical gap can be varied almost linearly betwesn 143 eV and
2.17 eV by change in mercury concentration between 0,07 and |
0.93 in polycrystalline f.c.c. films. The band gap is observed
to decreass with increase in structural perfection of the lattices
in the films., Elgctrical Conductivity measurements suggast the
Predominance of impurity conduction upto 400 K beyond which
the films show irreversible changes. The low (150 K) and high
(300 K) temperature activation energies are observed to increase
with increase in mercury concentration in the films. The low
témperature activation energies appear to corraspond to
tunneling of charge carriers across the barriers, whereas, thé'
high temperature activation energies corresﬁond to the thermal
excitation over inter-grain barriers. All the films show an
increase in conductivity under illumination. Photoconductivity
increases with increase in mercury concentration and decreases wit}
increase in temperature of the films. Electrical and optical
properties Zzorphous mercury rich films indicate that the films
behave liks semiconductor even though the long range order is
not present in these films,

Structural characteristics of the lead=-mercury selenide
films flash evaporated on substrates maintzined betwesn 25°¢C and

100°C show that single phase f.c.c. Pb Hg Se films can be

1=x
grown over the composition range 0.07< x<£0.93, The filmg which
grow by atom-by-atom condsnsation process bshave as apparent
o o
5 .
alloy of PbSe (a = 6.147 A, szmhuh) and HgSe (a = 6.084 4, FZSm)'

The lead rich (D.O?g;xggO.SO) Films on single crystal KBr
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substrates maintained betueen 70 and 100°C grow as epitaxial with
<£100> zone axes orientations of their crystal grains.

Optical absorption and reflection measurements suggest the
pregssnce of o direct band gap in the films, The optical gap
can be varied between 0,20 (0.15) eV and 0.09 (0.06) sV in the
T, of 259C (100°C) films by changing the mercury concentration
between 0,07 and 0.93. The slectrical conductivity measurements
indicate presence of predominant intrinsic conduction betuesn
~ 400 K and ~~ 200 K and impurity conduction upto ~200 K,
Conductivities of the films increase under IR illumination,
The ( o o411 " Ondark)/ (r'dark ratio decreases with increasa in
mercury concentration and with intrese in film temperature.

Structural investigations of the lead-mercury telluride

films indicate that single phase f.c.c. Pb

1_ngxTe films can be
stablised over a composition range 0.07<x«0.93 by appropriats
choice of substrate temperatures. Lead rich (0.07<x<0.50)
films deposited on substrate between 25 to 100°C have f.C.C.
lattices, however, the lattice parameters decrease slightly
with increése in substrate tesmperature for the composition
equivalent films., The lead rich films can be grown as epitaxial,
with <100> zone axes orientation of the crystal grains, on
KBr sihgle crystal substrates at 100°C. The mercurylrich films,
which grow as polycrystalline f.c.c. on substrates at 50

and 1UD°C, deposit és amorphous mixtures of PbTe and HgTe

on substrates at 25°C, Thermal, laser beam and electron beam
annealings improve the structural symmetries of the as grown T8

bf 25°%C films. The optical gap is observed to vary betwesn

G.27 (0.23) eV and 0.,14(0.12) eV with change in mercury



concentration betueen 0.07 and 0.50 in the T_ of 25°c (100°c)
films, The direct band gap in the T_ of 100°C mercury rich
polycrystelline films can be varied bstween 0.13 eV and
0.09 eV by changing x between 0,60 and 0.,93. The poly.-

crystalline f.c.c, Pb ngTe films behave as apparent mixtures

=X
of PbTe and HgTe. Activation energies calculated from

In o vs %- curves indicate intrinsic conduction above ~ 325 K
and impurity conduction below this temperature. All films

are observed to be photoconducting. The ( o511 T ”‘dark)/cr dark
ratio is observed to decreass with increase in mercury

concentration and the temperature of the films.
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