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Abstract 
 Single crystal of PbSnTe compound was grown from melt by annealing furnace of two –zone. 

Some physical properties of prepared single crystal have been investigated experimentally. The 

crystalline structure of prepared ingot was determined by X-ray diffraction method. The source 

radiation was CuK with wavelength =1.54 Å. The (XRD) observations shows that the single crystal 

structures with (224) plane. Thin (16µm) epitaxial PbSnTe films evaporated in a vacuum on the single 

crystal of (CaF2) were investigated. The absorption spectra at the fundamental absorption edge of films 

have been measured at room temperature, which closed to the optical band gap in (0.13 eV) value. 

Measurements of current – voltage (I-V) of prepared films are exhibit linear behavior in the dark field. 

 

 الخلاصة
 تتمة ل ةد من المنصهر النقي بأ ستخدام طريقة  الرةرا الحةرارو ال النية. ين   (PbSnTe) بلورة مركبفي هذا البحث نميت  

  زي. يةةةة  للةلةةةةورة المرةةةردة المنمةةةة.ة  لةةةةدد التركيةةةب الةلةةةةورو للق.لةةةب المح ةةةةر بواسةةةةي   نمةةة.  ا  ةةةةا  ال ةةةةيني دراسةةة  باةةةةئ الخصةةة.   الري
(XRD)   مصدر ا  ا.ع الم تخدم ك.ا CuK  بيول موجي=1.54 Å    ظهرت فحوص.ت   (XRD)   ا  تجة.  النمةو الةلةورو 

   ا طية   )2CaF )سةيب الرةو ي ىلةو  واىةد بلورية  مةن  ةرا   لبيريقة  التر  )m16( ب ةم   ل رت  غشةي   )224 (هو ب.لم توو 
ا فجةوة ا متص.ص لح.ف  ا متص.ص ا س.سي  للأغشي  المح رة  د لدد لقيس بدرجة  لةرارة الفرفة  ل ظهةرت الح ة.ب.ت الم تخلصة   

 يق  المح ةرة تةةين لجةود ئصة.   ئيية لرولتي  للأغشي  الرقا -  قي.س.ت التي.ر(  لكترلا فولت 0.13تمتل  القيم  )  البصري   الي.  
     ) تص.ل  لمي( في ل.ل  الظلام

Introduction 
Narrow– gap IV-VI semiconductors of lead chalcogenide type at present are 

mostly applied to tunable diode laser devices for the (3-30) m wave length range 

[Kinoshita and Yamada,1995]. Lead chalcogenide photovoltaic diode is high 

sensitivity and fast detectors for (1-3) m, (2-5) m and (8-14) m windows as far as 

they are potentially related to optical bistability devices [Shani, et al., 1985]. Lead 

chalcogenide semiconductor materials include the binaries PbS, PbSe and PbTe, and 

their solid solutions as eg. PbS1-xSex (0 x 1). Further ternary compounds contain Sn 

as eg.Pb1-xSnxTe (0 x  1) or Pb1-xSnxSe (0 x  0.4). All these compounds 

crystallize in the cubic rock salt structure and are characterized by a direct gap located 

at the L point of the Brillion zone. Surfaces of constant energy are prelate ellipsoids 

with the long axes in the four equivalents (111) - direction. The anisotropy ratio is 

roughly 1.3 for PbS, 1.9 for PbSe and 8 for PbTe in both conduction and valence band 

with only slightly different effective masses in both bands [Preier, 1979]. The gap 

becomes zero in Pb1-xSnxTe for x = 0.4 and in Pb1-xSnxSe for x = 0.2. At higher x 

values the lowest conduction and the highest valence band become inverted. 

Lead chalcogenides exhibit a gap turing rate of dEg / dT= +4cm-1K-1, below 

60K, turing decreases gradually [Fripp, et al., 1985]. In lead chalcogenide samples 
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free carriers concentrations are rarely below 1017 cm-3 [Shani, et al., 1985]. At =10 

m for Pb1-xSnxSe with Eg = 120 meV, the absorption coefficient = 20 cm-1 at room 

temperature, and 2cm-1 at cryogenic temperatures. Lead chalcogenides exhibits poor 

heat conductivity [Melngailis and Harman, 1968]. 

Experimental Technique: 
 Until the early 1950s, the development of infrared opto-electronics devices 

revolved principally around polycrystalline films of lead chalcogenide. The success of 

semiconductor physics based on single crystal techniques develops the performance 

of opto-electronics devices. In this study PbSnTe single crystal was prepared by 

annealing furnace of two- zone as following manner, and the setup is schematically 

shown in Fig.(1). 

A - Quartz Ampule Preparation: 
A long quartz ampule (L = 15 cm and inner diameter  = 10 mm) was 

carefully cleaned using laboratory detergent and cleaner solution, wiped with soft 

cloth, and then washed with tap water. Then the ampoule was rinsed by ultrasonic 

bath filled with isopropyl alcohol for about (15 minutes). Finely the ampoule was 

rinsed by H2F acid for (5 minutes) washed ionized water, and backed. Astoichiometric 

mixture of ternary compound contain Sn as Pb1-xSnxTe (0< x <1) of high purity was 

taken in a quartz tube which was vacuum sealed off at pressure of 10-5 mbar. The 

liquid nitrogen was used to increase the vacuum efficient. 

B – Crystal Growthing and Furnace Control: 
 The crystal growth operation was done by using furnace of cylindrical 

champers was developed as controller and tester electronic circuits. The annealing 

range of two – zone furnace (temperature raising and lowering) with ampoule distance 

in the zone was selected, and the protection cover was used inside the furnace to 

provide the explosion influence of ampoule. 

 A quartz ampoule is located in a two – zone furnace with the central axis for 

heating quality. The sealed ampoule was heated to temperature (900C) slowly (above 

30C of melting point of compound), and maintained at the temperature of (870C) 

for (48 hrs). Then the furnace temperature was slowly reduced as (1-3C/hr.) to 

(500C), and cooled to room temperature as shown in Fig.(2). 

Experimental Measurements: 
 The sealed ampoule was taken out the furnace, and directly broken. The 

crystal ingot was formed as the ampoules dimension Fig.(3). Philips X-rays 

diffractometer was used to determine the crystalline structure of the PbSnTe ingot. 

FTIR spectrophotometer from Perkin Elemer was used to carry out the absorption 

spectrum in the (2-16 m) region for the prepared PbSnTe thin films. These films 

were prepared using molybdenum boat to sublime PbSnTe powder on CaF2 crystal 

slide in a vacuum of order (10-5 mbar). Synthetic PbSnTe was vacuum – sublimed at a 

rate of (1.3 nm/sec.) and films substrate was heated to (250C) for epitaxial 

growthing. 

 The films were deposited on windows of CaF2 crystals with transmission 

about (83%). The absorption coefficient was calculated using the following equation 

[Pankove, 1971]: 

 
t

A
2.3α    …………………………………………………………..….(1) 

Where t is the thickness and A is the absorpance given by: 
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T

100
log

I

I
logA 10      ……………………………………………….(2) 

Where Io is the incident light and T is the percentage transmittance. The extinction 

coefficient was calculated by using the following formula [Pankove, 1971]: 

 
4π

αλ
k    …………………………………………………………..……(3) 

 The current – voltage (I-V) characteristics in the dark field were recorded 

using a D.C. variable – voltage power supply, and digital multimeter (hp-3465A) at 

273 K temperature. 
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Fig. ( 2 ) Diagram of temperature variation for furnace with annealing time. 

Fig. (1) Crystal growth system (vertical). 

Fig. ( 3 ) Prepared PbSnTe ingot of 10 gm. 
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Results and Conclusions 
 The main characteristics of PbSnTe crystal grown from pure melt have been 

revealed by an analysis of its X-ray diffraction patterns, absorption edge of absorption 

spectrum and (I-V) characteristics.  

 The X-ray diffraction analysis of crystal ingot wafer which prepared as 

crystallization axis and fine polishing, indicates that the crystal grown in (224) 

direction and appears a single peak of high intensity as shown in Fig.(4). These 

observations were corresponded to patterns of PbTe single crystal Fig.(5). 

 In the case of PbSnTe powder, the (XRD) patterns Fig.(6) shows there is no an 

expected growth peaks which appears. From the d-spacing calculating and 

corresponding to ASTM card of PbTe compound, and (XRD) of its powder Fig.(7), 

we found a good agreement in both values. The peak deviation was attributed to 

molarities percentage of Sn in PbSnTe compound system. 

 The absorpance spectrum of PbSnTe thin films in the spectral range (2-14) m 

as shown in Fig.(8). The absorption and extinction coefficients were measured and the 

plot of (hv)2 against (hv) is shown in Fig.(9). The values of optical energy gap are 

closed to (0.13 eV). Similar results were obtained by Johnson [Johnson and Parker 

1981]. The increase in absorption coefficient in the range of (8-14) m is clear and 

takes higher values (>10cm-1), which results from the electronic transitions of valence 

band and the impurities and the transitions of energy bands. The dependence of the 

extinction coefficient (k) obtained by using equation (3) on wavelength is shown in 

Fig.(10). The behavior of (k) is similar to the corresponding absorption coefficient 

Fig.(11). 

 (I-V) measurements were made for PbSnTe thin films showed that, the (I-V) 

characteristics in the dark field were linear in the voltage range (0.05-2 Volt). This 

indication due to thin films made ohmic contacts with vacuum- deposited aluminum 

electrodes as shown in Fig.(12). 

 Finally, we note that the single crystal ingot prepared from pure melt by using 

the annealing of two- zone furnace are primarily succeeded and distinguished from 

(XRD) patterns study and some physical properties. We believed that our results are 

in agreement with other previous studies [Runyan, Johnson et al., Kinoshita, Yamada 

and Ito et al., 1975, 1981, 1995 and 1999]. The availability of single crystal ingot for 

PbSnTe devices has already made its impact in infrared instrumentation and a number 

of applications [Harman, Hurst, Ferreira et al., Mohammed, Gate et al. and Shklover 

et al.  1973, 1990, 1999, 2002, 2002, 2003 and 2005]. 
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 Fig. ( 5 ) The X-ray diffraction patterns of PbTe single crystal. 

   Fig.( 4 ) The X-ray diffraction patterns of PbSnTe single crystal sample. 
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Fig. ( 6 ) X-ray diffraction of PbSnTe powder. 
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Fig. ( 7 ) The X-ray diffraction patterns of PbTe powder. 
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Fig. (10) Variation of extinction coefficient with wavelength  for PbSnTe 

films at room temperature. 
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Fig. (9) (hv)2 as a function of photon energy (hv) for PbSnTe films at 

room temperature. 

 Fig.(8) The absorpance spectrum of PbSnTe films at room temperature. 
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