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ABSTR..CT

In the alloy systems Pb1 _5n_Se and Pb Sn_Te,
=X X X

1-x
by varying the Pb/Sn ratio the energy gap can be adjusted
to mateh wavelengths within the range 5-15 #+m., The
work on these compounds has been stimulated by their
application in infrared detection both as senscrs of
themal radiation and as wide band detectors. For
detector purposes improvements are needed in the crystal
growth mcthods to permit still better crystal uniformity
and purity. Very little is known about electrically
effecctive impurities and more work is required. In the
present studies, Pb,__Sn Se ( x = .1, 0.03 and 0.17) and

Pb, _Sn.Te ( x = C.,37) crystals have been grown from the

1-x7'x

melt by a simplified bridgeman method. The essential
equipment like double zone furnace and driving system with
a slow speed for crystal growth were designed and
fabricated. The growth paramecters like the design of the
ampoule, temperature gradient and pulling rate were
optimised. Techniques of x-ray and electron diffraction
have been used to investigate the structure of the as
grown crystals, It has been found that SnSe crystal is
orthorhombic vith lattice parameters a = H.3OAO,bO= 4. 054°,
c, = 11.624°, and Ph _, Sn_Sc ( x = 0.03 and 0.17) and

Pp, __5n Te ( x = 0.37) crystals are cubic with lattice



parameter value a_= 6.12k A%, 6,106 A° and 6.412'§
respectively. The composition was determined for each
crystal from the determined values of lattice parameters.

Tt is found thtt the as grown crystals are p-type
with carrier densities in the range of 1018 per cm3. For
the fabrication of efficient infrared devices low carrier
densities are required.s In order to reduce the carrier
concentration,isothermal annealing experiments have been
done, OCarricr reduction and change of carrier type in the
as grown Pb1_XSnXSe ( x = 0,03 and 0.,17) was also achieved by
cadmium diffusicn experiments. It is found that diffusion
experiments providé a quick method of reducing carrier
concentration. Carrier concentration of the order of ur\1017
per emd cen be achieved in two to three day's time with
cadmium diffusion while isothermal annealing takes much
longer time (wecks) to reduce carrier concentration to
the same level,

While the cptical properties of PbSnTe have received
some attention, not much work appears to have been done
in PbonSe, In order to understand the optical properties
of PbSnSe, the properties of PbSe and SnSe should be known.

-
2

e

While PbSe has been investigated in detail, not rmeb
known about SnSe, The as grown SnSc crystals in the prescnt
investigation were of layer type and could easily be cleaved.

Absorption coefficient and refractive index were determined



as a function of photon energys It was found that the
fundamental absorption ir SnSe arises from an indirect
allowed transitioh and the gap energy is 0,91 eV at 300K
for lowest carrier concentration sample. The gap was
found to vary between 0,91 &V ¢ 092 ¢V for different
carrier concentration samples. The values of Ig at 300 K
Sc and Pb Te are 0.2k,

for Pb Se,

0.97%0,035¢» ¥P0,53%%0,17 0.630.,37
0s113 and 0,108'cV respectively. The absorption

coefficients for Pb,__Sn Se ( x = 0,03 and 0,17) and

1=x

Pby_,Sn.Te ( x = 0.37) in the long wavelength region is

proporticnal to A; and is due to frec carriers., This

free cerrier absorption 2lso depends on carrier concentration.

From these measurements conductivity effective mass of

nolcs has been determined for these samples. The optical

dielectric constant in Pb 3n_Se and ¥b Sn_Te have been
1-x7'x 1-2x

determined and plotted as a function of composition

alonewith the date of other investigators., 4t 300 K, the
g o j b

~r
L

optical dielectric constant in Pb1_"3n Te is between 40O to

60 and in Pb, _Sn_Se is between 20 to 35. In view of the
2%

1-x
smaller diclectric constant  PbSnSc holds premise for
fabricating devices with fuster responsc time as compared
to ©bSnTe. Infrared plasma reflection measurements were

carricd on the as grown samples and effective mass of

heles determined,
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