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ABSTRACT 

Lead tin telluride in an alloy system composed of two IV-VI 

compounds, PbTe and SnTe, referred to as pseudo-binary alloy. 

Both PbTe and SnTe have face centered cubic crystal structure. 

These compounds show complete solid solubility for any composition. 

The energy gap of these lead chalcogenides (Sulphur,6elenium,Tell-

urium) varies with the temperature, composition, and pressure. 

In these compounds varying the alloy fraction, X, the melting 

point and band gap of the system can be varied. The band gap of 

PbTe and SnTe are 0.3 eV and 0.2 eV at 300°K respectively. Because 

of the variable band gap nature these compounds can be tailored 

to have longer cut-off wavelength in mid and far infrared region. 

In the present work single crystals of PbTe and Pb,_ 
x 
 Sn 

x
Te with 

x=0.17, x=0.20, x=0.25, x=0.45, and x=0.88 were grown by modified 

double zone Bridgman technique. The maximum temperature was always 

kept at 50°C above the liquidstemperature. However crystals with 

x=0.0, x=0.17, x=0.20 and x=0.25 were studied in particular for 

their morphologlical, optical and electrical properties. This is 

because of the significance of these compositions suitable for 

infrared detection. Surfaces of all the crystals were having 

mirror like reflection. Crystals were cut normal to the growth 

axis. The dislocation density of the best recrystallised PbTe 

and Pb0.8 Sn0.2 Te crystals were in the range of 10
2 
- 10

3 
cm
-2
. 

The compositional variation of the crystals from the first to 

freeze part to end of crystal %qv' found to be reduced on 



recrystallisation. Compositional analysis across the surface of 

the Crystal wafer, measured by infrared spectrophotometer, for 

low carrier concentration, samples showed larger band gap at the 

centre than at the periphery of the crystals. The flat response 

area of the crystal wafer was found to be increased by the 

recrystallisation process. The typical values of Hail mobility 

after recrystallisation improved whereas carrier concentration 

as 
decreased. Typical values before and after are,tfollows. 

a.) For PbTe as-grownillia = 1.7 x 103cm2/V-sec and NpbTe=3.8 x 1017cm-3  

b) For PbTe, after recrystallizationAH= 2.5 x 10
3
cm

2
/V-sec and 

NPbTe= 8.5 x 10
16 

cm
-3 

'  

The mobility variation with temperat
ure 
 followed a power law of 

T
5/2

. 

Fermi level stabilization for four recrystallised PbSnTe crystals 

of x=0.0,x=0.17,x=0.20 and x=0.25 were studied as a function of 

Temperature from 20°K to 300°K. It was found that Fermi energy 

stabilisation was only a very weak function of composition and 

temperature. PbSnTe crystals with higher composition became 

degenerate at low temperatures.  is known that defects introduces 

acceptor and donor levels in the compounds. Their role in Fermi 

level stablisation could not be ascertained adequately. 

Results from flash evaporated films suggested that satisfactory 

stoichiometric composition could be obtained:only by depositing films 

FO were 
A found to be deficient in 'Sn' content for x=0.20 composition. All 

films in as-deposited condition were 'p' type except PbTe films 

which were generally 'n' type. The carrier type could be changed 

0also 
at high rates (40-50 A sec

1
) and at. high substrate temperature (400°C) 

A 



by using compensating source. 

Very thin layers CdTe/PbTe multilayer structure having 25 periods 

0  0  0  0 
ranging in thickness from 24 A/113 A to 50 A/200 A were 

deposited on PbTe buffered layer of 9600 A thickness. The complete 

structure was deposited in very clean conditions on a (111),optita61 

48.cleaved BaF
2 
crystal. The substrate temperature was varied 

between 350 to 400°C. The deposition was carried out by a 

computer controlled quartz thickness monitor and the oxygen 

background pressure was monitored by a Quadrupole mass spectro-

meter and kept below 10
-9 

mbar of pressure. Reflectance spectra 

in UV and visible region were recorded and n & k values were 

calculated by using "SOPRA Spectroscopic gllipsometer". The 
res ults ft) 

results agree reasonably well with the reported literature 

onconsidering thin layer structure. Optical absorption spectra 

was analysed by applying Kronig-Penney model and taking into 

the consideration of nonparabolicity and temperature dependent 

effective masses. The results were found to agree well with the 

experimental results for n=1 miniband transitions. The quality 

of the film  asse:ed by Transmission electron micrographs 
A 

All films were single crystalline and homogeneous. It was found 

that only Indium formed compounds with PbTe, whereas Cd asadDRIrt 

incorporation only increased the carrier concentration. Therefore 

the carrier reduction by the simultaneous addition of (Cd+In) 

may be attributed to chemical changes in the compound. The 

at 
tendency of the Indium atoms  believed to segregate A the 

A 

grain boundaries and voids. Thus helping in overall homogenisation 



1(6-  
of the samples. 

Various dopants like Cd, In, Sn, Al, Cr and Mn were doped in 

these structures. Their profiles were analysed for percentage 

composition by using Auger electron spectroscopy and X—ray 

photoelectron spectroscopy. 

The surface oxidation results are also reported for flash 

evaporated films. From these results it was observed that films 

deposited at 400°K were oxidised for Pb and Sn elements. However 

no oxidation of Te was noticed. The film deposited at 300°K 

showed no traces of oxidation within the detection limits of 

instrument. 
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