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ABSTRACT

Thin films of Zinc lead telluride (ZnPb.x Te) of solid solution with x = 0.1, 0.2, 0.3, 0.4, and 0.5
were synthesized, from the resulting ZnTe and PbTe composition used in preparation of thin
films. The deposited samples were annealed and annealed samples were used for
characterization. The semiconducting and thermoelectric properties of the samples were
investigated by measuring electrical resistivity and Seeback coefficient in the temperature range
from 300 to 473 K for annealing samples. Activation energy for charge transport have been
evaluated and found in the range of 0.269 to 0.396 eV. Thermoelectric power has been measured
and found to be positive indicating that the samples are p-type semiconducting material. The X-
ray diffraction analysis and EDAX confirmed that films are polycrystalline in nature.

Keywords. Thermal Evaporation, EDAX, XRD, Activation energyP.

INTRODUCTION

Solid solution formation in semiconductors has beénnterest for a number of years. This
interest has been generated because solid solbgtween two or more semiconductors
immediately gives rise to a completely new seridssemiconductors, thus enormously
broadening the scope of the scientific investigatiwhich can be made and technological
advances, which might be possible. Among the llebmpounds, the lead chalcogenides with
narrow energy gap have been extensively studiedaltieeir device applications in many fields
like IR detectors, photoconductors, thin film trester etc. [1-5]. Ternary solid solutions are of
great technological interest in electronic and phkalectronic devices. Such alloys systems are
known to have well-defined band structures in whioh energy gap and other band parameters
vary continuously with composition between the ealwf the constituent binary compounds.
This allows them to be tailored to meet specifiguisements. Cg&n . Te solid solution is one

of many such alloys which has been found to hawersé applications, such as solar cells,
photoconductors and light emitting diodes [6]. Salvauthors have studied its properties under
different conditions of evaporation [7-8], sinceT@dand ZnTe display as unlimited solubility in
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each other. Many workers have been reported otrdahsport properties of these chalcogenides
in the bulk state but very little is known abougithproperties in the thin film state. Taking into
consideration of the above fact in the present wbik plane to prepare new semiconducting
material from solid solution of ZnTe, and PbTe .i.aeternary semiconductor of the p-type
Zn,PlyTe.

MATERIALSAND METHODS

For the preparation of ternary semiconductorsPha.,Te the constituent compounds ZnTe and
PbTe have been taken in molecular stiochoimetrpgmmnal weights and crushed and mixed
homogenously. The different sets of samples ofimgrgompositions (% 0.1, 0.2, 0.3, 0.4 and
0.5) were deposited via sublimation of the compoims&acuum higher than FOmbar under
controlled growth conditions of various composigsoaonto the amorphous precleaned glass
substrates at the temperature of 373 K. The thedewof films were controlled by using quartz
crystal thickness monitor model No.DTM-101 providgdHind-High Vac. The deposition rate
was maintained 10-15 A/sec constant throughout Eamppeparations. These samples were
annealed at reduced pressure of irbar for the duration of 3 hours at the tempeeatiir573 K
and maintain carefully. These samples were therd dse various characterizations. The
structural characteristics have been studied byaydiffractograms (Rigaku, Miniflex Japan)
with Cuka radiation (1.5418A). Scanning electron microsc(®§M) has been studied by model
501, Philips, Holland with EDAX attachment. Residi of the samples was measured by four-
probe technique using model No. DEP-02. “Scientifgquipment Roorkee”, as a function of
thickness and temperature. The thermoelectric ptvasmeen measured by the integral method;
the set up is used for this measurement providé®bgpha Scientific Co., Hydrabad”.

RESULTSAND DISCUSSIONS

It is seen from X-ray diffraction patterns of ailnf compositions they are polycrystalline in
nature (Fig.1). The d-values of all peaks are camgawith standard ASTM cards of PbTe and
ZnTe are in close agreement with observed d-valtiesspective reflections.

It is seen from X-ray diffraction patterns of aillnf compositions they are polycrystalline in
nature. For composition x = 0.1 maximum intensityppme diffraction peak is of the order of
600 cps and minimum peak intensities 230 cps(aroibih). The d-values of all peaks are
comparing with standard ASTM cards of PbTe (8-28) anTe (15-746). From this comparison
all the reflection intensities varies from 40 toOl@ercent indicating growth charactertics
randomly. Similarly for the composition x = 0.3 theme peak intensity is 1000 cps and for all
other peak intensity is varying 32% to 45%, agaidigating random growth charactertics.
Whereas for composition x = 0.2, 0.4 and 0.5 prmmeximum reflection intensities are 2816,
3178 and 1304 cps respectively. For all other pefikction intensities below 20% (for samples
x = 0.2 and x = 0.4) while between 20% and 25%xfer 0.5 indicating preferred oriented
growth characteristics along (111) direction [ForTZ (c)], (200) direction [For PbTe(c)] and
along (200) direction [For PbTe(c)] respectivelyl A-values are in close agreement with
standard d-values of respective reflections. Fesehcompositions films are of good quality
crystallinity as compare to samples of composition x = 0.1 and x = 0.3.

From the above discussion it may be concludedZhg®hy;.,Te films for all compositions have
cubic structure with mixed phases of ZnTe(c) andeft), as for different compositions have
preferred orientation characteristics growth al@tijl) and (200) directions. Similar results were
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reported by L.P. Deshmukh et. al. [9] for corresting CdixPhbSe and Holiman et. al. [10]
reported cubic structure for ¢h;Te thin films.
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Fig. 1 X-ray diffractogram of various Zn,Pb,.xTe structures.

It is seen from scanning electron micrographs fisudaces are very smooth (Fig. 2). The film
surfaces were minutely observed the reflectivitysviaund to be slowly increasing with the
composition of Zn. The film also shows developmehstraitions. The straitions were initiated
at the Zn composition (x = 0.1) and successivetijuce at the composition x = 0.2 and x = 0.3.
From the above discussion it may be conformed fiats for all compositions with the
straitions, which is the indicating of oscillatogyowth [11-12]. From the analysis of EDAX the
film composition (atomic% of Zn, Pb and Te) and reeucompositions are matching closely as
seen from the comparative study presented in thble
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Fig. 2 Scanning Electron Micrograph of Zn,Pbq.Tefor (x = 0.2) thin film.

Table 1. EDAX datafor Zn,Pb;.¢Te thin films

Basic Ingredient Taken EDAX Composition
Com.'i’(?smon A% Zn | A% Pb| A% Te| A% Zn| A%Pb| At%Te
0.1 5 45 50 7.83 43.86 48.31
0.2 10 40 50 11.24 39.91 48.85
0.3 15 35 50 15.57 35.00 49.33

The resistivity increases almost linearly with E&sing composition parameter ‘x’. From
approximately 0.22-cm (x = 0.1) to about 1.8-cm (x = 0.5). This suggests the formation of
solid solution of ZnTe and PbTe. The nature ofatshn of resistivity as a function of reciprocal
of temperature is similar for all compositions with> 0.2 and is almost linear for these
compositions resistivity increases with decreasieamperature suggesting film material is
semiconductor with negative temperature coefficamesistivity. From this study of resistivity
as a function of temperature activation energiesraisport of free charge carriers have been
evaluated using Arrehenius relations.[13] and aesgnted in table 2.

Table 2. Estimated values of activations energies of Zn,Pb.Tethin films.

Composition (x)| Activation energy gap in (eV)
0.1 0.269
0.2 0.291
0.3 0.290
0.4 0.322
0.5 0.396
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Fig. 3 Temperature varition of the TEP for
Zn,Pb1.xyTe thin films .
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Fig. 4 Temperature varition of the TEP for
ZnPb1.xTe thin films .

The study of thermo emf and thermoelectric power db films of different compositions

indicate that the film material (for compositior=X0.1) is n-type semiconducting shown in (Fig
3) and for all other compositions x = 0.2 - 0.5g(B) film material is p-type semiconducting.
Reported values [14] have been of the thermoeteptwer variation (thickness dependent) in
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the range of 100-20QV/K. For the composition x = 0.1 in a low temperatuange the change

in magnitude of thermoelectric power is large andhigh temperature range the change in
thermoelectric power is small, which can be exm@diphonon drag effect [15-17]. While for

other compositions in low temperature range theteotec power increases rapidly and remains
constant over the wide range of temperature. Fer dample (x = 0.1) the magnitude of
thermoelectric power range is 40 to 1PW/K over the entire temperature range. This is
relatively very small compared to the magnitudethefmoelectric power range from 50 to 450
MV/K over the same temperature range. This may btibuated to corresponding to structural

changes and electrical resistivity behavior of filmaterials for x = 0.1 and all other

compositions.

V Damodara Das et. al. [14] reported the thermaetepower variation (thickness dependent) in
the range of 100-200V/K. He also reported thermoelectric power figufenerit increases with
thickness of films for the material Py sTe.

Compare with thermoelectric power of pure and capevated PbTe films [18]; the film material
of composition x =0.1 is poor thermoelectric matkriwhile film materials of all other
compositions (x =0.2, 0.3, 0.4 and 0.5) aredoettermoelectric materials.

CONCLUSION

In conclusion, homogeneous cubic structure of mixeasptthin films of ZgPh., Te have been
successfully deposited by thermal evaporation teectenusing basic ZnTe and PbTe elemental
starting materials. The composition of starting ibasgredients and film composition
comparison seems to be in agreement with thatrmbtafrom EDAX analysis. Resistivity study
shows films are of negative temperature coefficantesistivity indicating that film material is
semiconducting in nature while thermoelectric pomeasurement shows p-type conduction.
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