Available online at www.pelagiar esear chlibrary.com

<
<
;RR: Pelagia Research Library
E‘ Advancesin Applied Science Research, 2011, 2 (2): 407-413
Library Library
| SSN: 0976-8610

CODEN (USA): AASRFC

Structural studies of vacuum evapor ated Lead |odide Thin Films
D.S. Bhavsar

P.G. and Research Department of Physics, Pratap College, Amalner, India

ABSTRACT

The single crystals of Lead lodide were grown by gel method. Thermally evaporated Lead lodide
thin films, of gel grown Lead lodide crystals deposited on glass substrate with constant
temperature (353 K). Then, the structural characterizations of these films were done by XRD,
Epignost Microscope and EDAX. The XRD shows, the films were polycrystalline in nature
having hexagonal structure. The lattice parameters are almost matching with the ASTM data of
the Lead lodide. The most preferential orientation is along [0 O 4] for all the deposited films
together with the abundant plane [0 0 3] and [0 O 2]. The surface topography of these films
inferred that the growth of these films takes place by two-dimensional nucleation process. EDAX
performed on these films indicates that there is proper proportion of the Lead and lodine. The
lattice parameters, grain size and microstrain in the films are calculated and correlated.
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INTRODUCTION

Lead lodide has attracted the attention of mangarehes due to its potential applications in the
areas of radiation detectors, photo-optical deviaed solar cell technology (1-6). Several
theoretical and experimental investigation havenbearried out on its single crystals and
polycrystalline powder compacts to probe into iical, electrical and physical properties (7-
15)

There are various methods to grow the Lead lodigstals. However, the sizes of the grown
crystals are very small. These crystals cannotdeel properly for the characterizations. Hence,
it has been decided in the work paper to prepaeetitin films of synthesized Lead lodide
crystals. The thin films of synthesized Lead lodate transparent over the range of visible
spectrum. It is well known that photoelectronic arlder properties of compound thin films are
highly structure sensitive which in turn can selyeiefluence the device performance. The
structure parameters viz., the crystallinity, caygihase, lattice parameters, average stress and
strain, grain size, orientation etc are dependentdeposition parameters. The structure of
evaporated Lead lodide thin films are likely to dmverned by the rate of deposition, substrate
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temperature, composition and film thickness. Fewortss on Lead lodide thin films are
available, it is felt that less attention is given the structural characterization and their
correlation to other properties. Keeping in viewthese aspects, an experimental study on the
structural characterization of thermally evaporated films of synthesized Lead lodide crystals
have been under taken. A correlation between tes&rand different structural properties along
with the surface topography has been high lightetthis paper.

MATERIALSAND METHODS

Lead lodide single crystals were grown by the gethuod. These crystals are crushed in a
uniform size (150 mesh). Then the thin films, of geown Lead lodide, were deposited on
highly cleaned glass substrate in a vacuum oftb@r by using thermally evaporated method at
the substrate temperature of 353 K. The rate obsiipn was 1.1 to 1.3 A/sec. The thickness of
these films was measured by quartz crystal momitake of HindHivac model no.101. The X-
ray diffraction patterns of the deposited films werecorded with the help of X-ray
diffractometer (Philips PW XL-1730) using Cukradiation Ni filter (1.5418 A). The XRD
patterns of all the films were taken from 20 t§ 420). The peaks of the patterns were searched
by computer programming method. The surface togyraf all these thin films was observed
by Carl-Zeiss Epignost 2HD Microscope and the stmat and elemental analysis of all thin
films were recorded by Philips XL-30.

RESULTSAND DISCUSSION

Fig. 1 represents XRD pattern of all the thin filofsLead lodide. It can be seen that the height
of the peak increases significantly upto 2000 A, ibgoes on decreasing for 3000 and 4000 A
thickness of the samples respectively. The vacuuapaated thin films are polycrystalline
having hexagonal structure irrespective of theibsstate temperature and thickness. It is
confirmed by comparing the peak position®)(®f the XRD pattern of the films with the
standard X-ray powder diffraction data file (ASTMtd card 7-235). The XRD pattern of these
films was taken from 20 to8@20). The lattice parameters ‘a’ and ‘c’ of all théfs have been
computed from the observed ‘d’ values by the methiosluccessive refinement. Mean values of
lattice parameters are given in Table 1.

The microstrain and degree of preferred orientagi@ncorrelated with thickness, which is given
in Fig.2 and Fig.3. The lattice constant ‘a’ refails values but the values of ‘c’ goes on
increasing, decreases and then remains constanighit be due to the growth of the films has
been taken place by two-dimensional nucleationclviis confirmed by the surface topography.
The change in lattice constant for the depositadfitm over the bulk clearly indicates that the
film grains are strained and that may be owinghdhange of nature and the concentrations of
native imperfections. The change of grain size whibkness is not very prominent.

The degree of preferred orientation in the Leaddedhin films can be assessed by the ratio of
[0 0 4] to that of [0 O 3] reflection on the sanwale. It is observed that the XRD pattern of all
the Lead lodide thin films shows most preferreceat@tion along [0 O 4] plane. The various
structure parameters for synthesized Lead lodide films deposited at substrate temperature
352 K with various thicknesses are calculated usheg relevant formulas are systematically
depicted in Table 1.
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The origin of the strain is related to the lattmeésfit, which in turn depends upon the deposition
conditions. The microstraire) developed in the Lead lodide thin films is casted by the
relation

e=(B2o co9)/4,

where B is the full width half at half maximum of [0 O pgak.
The grain size of the deposited films is estimatgidg Scherrer formula (Warren 1969),
D =KA/B29 cod

Here K is taken as 0.94,is the wavelength of the X-ray used &b is the full width half at
half maximum of [0 0 4] peak of XRD pattern.

Fig.4 represents the small needles, disordered,onented in the particular direction. It is
fibrous growth may be due to the rapid growth @ tihin films.

Some voids are seen on the deposited thin filme.ifiteresting thing is about these voids is that
deposition of the voids have clustered at a panproduce regular shaped deposition. Such,
regular, triangular and hexagonal, shaped depaositie seen in Fig.7 and Fig.8 respectively. So,
the production of voids and clustering of atomsoards to form regular structure is quite general
phenomena. In fact these Figures, confirms the tir@ivthe thin films has been taken place by
two-dimensional nucleation. The triangular spitahngular and hexagonal growth hillocks on
the surface of the Lead lodide crystal were repb(i6-17). However, the triangular growth
spiral is not observed on the evaporated thin films

Fig.5 depicts, interestingly, some large numbevads of different shapes gathered together to
produce dendritic growth like structure. In fattisi not dendritic growth but the voids gathered
together in such a way that it seems to be deodyiowth. Fig.6 is the enlarge copy of Fig.5.
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Fig. 1 X-ray diffractograms of Pbl2 thin filmswith various thicknesses.
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Fig.9 represents hexagonal growth hillocks, whmbkt like hexagonal growth spirals. Similar
observations for triangular spirals for Lead lodsiagle crystals recently reported [16-17].
Frank predicted from theoretical considerationg thgstal growth might proceeds owing to the
presence of screw dislocations [18]. The boundasfethe crystals at the center is not clearly
resolved as the hexagonal structure, but as itegahcfrom the center it takes regular form of

hexagonal structure as seen from Fig.9

Electron Microscope Analysis of these films alonghwthe elemental analysis is shown in

Fig.10. A similar result was reported [19].

Table 1 Structural parameters of evaporated thin films

Thickness | Lattice parameters | Grain size Microstrain
(in A) ‘a’ (in A) ['c’(in A) fin A) £x 103
1000 4557 7.0030 110 2015
2000 4557 7.0264 105 2.179
3000 4557 7.0030 115 1.957
4000 4537 7.0030 119 1.856
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Fig. 2 and Fig. 3. Variation of D and g vs. thickness.

Fig.6illustratesthe enIarQe copy of Fig.2
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Fig. 10 depictsthe EDAX for gel grown Lead lodide thin film
CONCLUSION

All thermally evaporated thin films of Lead lodidesre polycrystalline having hexagonal type
structure. Each films shows a preferred orientatitomg [0 O 4] plane in addition to other two
prominent plane [0 0 3] and [0 O 2]. The grain safethe deposited films does not have
significant dependence on the thickness of the fiins. However the degree of preferred
orientation is expected to play a dominant rolerdkie crystallite size in Lead lodide thin films.
The growth of the Lead lodide thin films has besen place by two- dimensional nucleation.
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