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ABSTRACT

Bi,S; thin films have been prepared by chemical bathoditjon method using Bismuth nitrate and Sodium
thiosulphate. Films were deposited onto well clehgkass substrates with different deposition tiradqals. The X-
ray diffraction pattern revealed that bismuth sufeh thin films exhibit orthorhombic structure. Thuctural
parameters (grain size 94-358A, dislocation den6if789-11.22X10 I/m* and strain §) 3.85-1.027X18) have
been calculated.
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INTRODUCTION

Presently nanocrystalline materials have openeeaahapter in the field of electronic applicatiosgice material
properties could be changed by changing the gramand thickness of the film [1]. Bismuth trisuigé in thin film
form is a particularly challenging material becaosés midway band gap (E1.7eV), absorption coefficient of the
order of 16 to 1¢ cm®, reasonable conversion efficiency and stabilitgetber with low cost [2, 3]. Several
methods such as cathodic electrodeposition, aneidictrodeposition, vacuum evaporation, the hot wedthod,
solution gas interface, spray pyrolysis and chemiteposition have been used for,&i film preparation. As
compared to other methods, chemical depositiomiple, economic and suited for a large area of@mfiguration

[4].

The present work describes a chemical method fpogigon of BpS; thin film using thiosulfate as a sulphide ion
source. The thickness of the films was varied bgngfing the deposition time period its effect on sictural
parameters (grain size, dislocation density aralrgtivas studied and results are reported.

MATERIALSAND METHODS

2. Experimental details

Bismuth nitrate (Bi(Ng)s), sodium thiosulfate (N&,0s) and ethylene di amine tetra acetic acid (EDTAjevesed

to prepare the B%; films. Glass was used as the substrate. Befordapesition of the films, the glass substrate was
firstly ultrasonically cleaned by acetone and thesonically cleaned by distilled water.

For the deposition of the B8; films, Bi(Nog); solution was added into EDTA solution, finally 8505 solution was
added to the mixed solution. The concentration §N8s);, EDTA and NaS,0; in the deposition solution was
0.2M, 0.1M and 0.2M respectively. After the prepianma of the deposition solution, glass substratesewmmersed
into the solution. The temperature of the soluticas increased slowly up to 333K, and then it wgs led room
temperature for further deposition. After a deposiperiod of 4 hrs, 8 hrs and 12 hrs the substraire taken out,
rinsed in distilled water and dried.
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RESULTSAND DISCUSSION

The deposition process of Bi is based on the slow release of‘Band $ ions in the solution which then
condenses ion by ion basis on the substrates. Dieposf Bi,S; thin films occurs when the ionic productBand
S” ions exceeds the solubility product of,8j. The concentration of Bi and $ ions in the solution controls the
rate of BpS; formation. The rate of Bi ions is controlled by EDTA, which forms a compBf(EDTA)n]** with
Bi**. The chemical reaction responsible fopRifilm from an acidic bath using N&0O; as the sulphide ion source
[5] could be:

N2;S,0; — 2N& + S,05° (1)
N&S,0; is a reducing agent by a virtue of the half-cediation as:

65052 — 3506 2 + 66 (2)
In acidic medium, dissociation 0£G;? takes place as:

35052+ 3H" — 3HSQ™ + 3S (3)

The released electrons react with sulphur as:

3S + 66 — 3S? (4)

Bi®* from Bi (NO); solution or a complex of Bi formed by EDTA react to give

2Bi*" + 35% - Bi,S; (5)

3.1 Structural Characterisation

X-ray diffraction is a powerful non-destructive thetl for material characterization, by which thestay structure,
grain size and orientation factor can be determisdictural identification of B8; films was carried out with X-
ray diffraction in the range of anglé between 20 and 60. Fig.l, Il and Il shows the XR&ttern of BiS; thin

films with thickness 210 nm, 437 nm and 860 nmn®gphous in nature. Films show polycrystallineunatwith
orthorhombic structure after annealed at’gDib air.
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Fig.l. X-ray diffraction pattern of Bi,S; thin films of thickness 210 nm
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Fig.Il. X-ray diffraction pattern of Bi,S; thin films of thickness 437 nm
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Fig.ll1. X-ray diffraction pattern of Bi,S; thin films of thickness 860 nm

Table | Summaries the crystallographic data ofeéhfdms compared with JCPDS data file (JCPDS 655248he
Structural parameters of the depositegbgfilms like grain size, dislocation density andagtrhave been evaluated
in Table Il. It was observed that grain size insesabut the strain and dislocation density decseaith increase of
deposition time period. Table Ill Summaries thefgmential orientation factor of B%; thin films. The films are
oriented in the (330) direction.

Table| Comparison of XRD data for Bi,S; thin filmswith the JCPDS card (65-2435)

Deposition time period Thickness| Planes 26 values FWHM
(hours) (nm) (hkl) (degree) ®B)

JCPDS| Experiment (degree)

310 25.288 25.26 0.7649

230 28.729 28.79 0.7924

4 210 330 34.017 34.06 0.7019
520 43.751 43.79 0.8469

531 53.118 53.16 0.9674

310 25.288 25.26 0.6914

230 28.729 28.74 0.4414

8 437 330 34.017 34.06 0.3644
321 36.799 36.79 0.7044

520 43.751 43.74 0.6024

531 53.118 53.16 0.76864

310 25.288 25.26 0.4864

230 28.729 28.79 0.4334

330 34.017 34.06 0.2444

12 860 321 36.799 36.70 0.6864
520 43.751 43.76 0.4414

531 53.118 53.12 0.6811
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Tablell The Structural parameters of the deposited Bi,S; films

Deposition time period Thickness| Planes| Grain size Dislocation Density X18 lines/? Stiam
(hrs) (nm) (hkI) d (A X103
310 112.36 7.9209 3.254
230 109.24 8.3798 3.34¢
4 210 330 123.92 6.5120 2.771
520 101.93 9.6248 3.58¢
531 94.82 11.1222 3.857
310 124.27 6.4754 2.9430
230 196.14 2.5993 1.864f7
8 437 330 240.57 1.7278 1.5208
321 125.43 6.3561 2.915)7
520 150.02 4.4432 2.4379
531 122.01 6.7175 2.4976
310 176.70 3.2027 2.0698
230 199.77 2.5057 1.8308
12 860 330 358.30 0.7789 1.02017
321 128.73 6.0344 2.8410
520 204.66 2.3874 1.7871
531 137.66 5.2769 2.656]7

Tablelll Preferential orientation factor of Bi,S; thin films

Deposition time period (hours Thégﬁf:)ess I(Drll?(rl;e Onentegcl)on factor
310 0.3152
230 0.2946
4 210 330 0.3657
520 0.1928
531 0.1131
310 0.1588
230 0.3026
330 0.3509
8 437 321 0.1283
520 0.1959
531 0.1027
310 0.1847
230 0.2131
330 0.4122
12 860 321 0.1177
520 0.2071
531 0.1105

The crystal size of the film was determined by gscherrer formula
d=A/pcod (6)
wherel is the wavelength used (1.544&)is FWHM in radiansf is the Bragg’s angle.
It was found that grain size increases from 948258.30A as film thickness increases from 21060 8m. This
significant improvement in crystallite size is dte controlled slow release of bismuth ions form é¢tamplex
[BI(EDTA)] " in the solutions which give probability of growdhlarger particles [6].

CONCLUSION

The films are found to be poly crystalline in natwith orthorhombic structure. The films are orezhin (330)
direction. The grain size of B8, thin films are found to increase with increas@eposition time period.
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