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Abstract:

Thin films of Sn doped ZnO were placedon glass substrates by using spin coating method. The
effect of Sn doping on optical properties of ZnQis studied withmol percentages of dopant in ZnO
as 0, 2, 4, 6, and 8%. The optical spectra observed in the range 200 — 800 nm shows a very good
transmittance above 90%. The band gap variation on Sn doping lies in the range 3.23 — 3.27 eV.

The increase in band gap is good sign that these films can be used as coating in soar cells.
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1. Introduction:

ZnO has wide band gap and is a promising candidate for application in
photovoltaic devices and optical electrical devices such as thin films solar cell [1-
4]. By heavily substitutional doping, ZnOs charge carriers could be increased upto
2 x 10 cm™. This means ZnOs conductivity could vary from very low (insulator)
to moderately high (semiconductor) to high (conductor) and can be an excellent
candidate for transparent electrodes in flat panel displays and solar cells [5-8].

In the present work, thin films of ZnO were synthesized with the help of spin
coater.The change of Sn doping on optical properties ZnO is studied withmol
percentages of Sn as 0, 2, 4, 6, and 8%.The optical study of band gap is explored
using UV-visible 1800 spectrophotometer. The band gap of the prepared films is

calculated from the UV-visible data for optical applications.The optical spectra
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observed in the range 200 — 800 nm shows a very good transmittance above 90%.
The band gap variation on Sn doping lies in the range 3.23 — 3.27 eV.
2. Experimental methods:

As a starting material, Zinc acetate dihydrate (Zn (CH3COQ),. 2H,0), Tin tetrachloride
(SnCly), 2-Methoxyethanol, Monoethanolamine chemicals and alkali free glass slides are
used as substrates. Prior to the deposition of thin films, cleansing of the substrate is done
with soap solution involving dipping substrate in soap solution for 10 minutes and then
scrubbing the substrate in the soap solution. After this cleansing the substrate ultrasonically
in acetone for 20 minutes. They are further washed with deionised water for 20 minutes
and finally dried in atmosphere. For the preparation of ZnO films, zinc acetate dihydrate
[Zn (CH3CO0),. 2H,0] was dissolved in 2 — methoxyethanol and the solution at 60 °C
on hot plate was heated with magnetic stirring for 2 hour. After one hour add an optimized
amount of mono-ethanolamine (as a stabilizer) to the solution to make the solution clear,
transparent and homogenous. Properly cleaned glass platesare used as substrates. The
solution was dropped on the glass substrate at the speed 3000 rotations per minute for 30
secs. UV visible UV-VIS Probe 1800 spectrophotometer (Version 2.33) is used for optical

studies.

3. Results and discussion

The optical properties of the films were measured using UV — VIS 1800 spectrophotometer. The
optical properties of thin films involve transparency of the thin films i.e absorption and
transmission spectra of thin films. Transmission spectra of zinc oxide thin films prepared for
different Sn doping concentrations (0 to 8mol%) are shown in figure 1. The measured
transmittance of the ZnO and ZnO:Sn films in the rage 200 nm to 800 nm, shows that ZnO film
is 81 % and for Sn doped ZnO films the average optical transmittance is 90% ,but optical
transmittance is more for 2 mol % doped film than 4 mol%, 6 mol% and 8 mol% doped film.

This shows that there is increase of transmittance on Sn doping.
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Figure 1.Variation of transmittance (T) for undoped and Sn doped ZnO thin film samples.

To know the band gaps for the prepared fims,Tauc’s [9] curve are drawn from the following
formula

ahv =A(hv-Eg )"

Where A is a constant, 4vis the photon energy and Egis the optical bandgap. The plots of in the
absorption region are given in figures 2, 3, 4, 5 and 6. As can be observed form the figures 2, 3,
4, 5 and 6, the optical band gaps are 3.24 eV, 3.23eV, 3.26 eV, 3.27 eV and 3.28 eV for ZS0,
ZS2, ZS4 and ZS6, ZS8respectively for the prepared films.The optical band gaps of the films
increasewith the increase in Sn concentration.The bandgap increases from 3.23 to 3.27 eV as Sn
dopant increased but increase is uneven. The increase in band gap is good sign that these films
can be used as coating in soar cells.

[10-11].
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Figure 2. Plot of band gap forundopedZnO (ZS0) thin film.
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Figure 3. Plot of band gap for 2 mol % Sn doped ZnO (ZS2) thin film
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Figure 4. Plot of band gap for 4 mol % Sn doped ZnO (ZS4) thin film
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Figure 5. Plot of band gap for 6 mol % Sn doped ZnOthin films
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Figure 6. Plot of band gap for 8 mol % Sn doped ZnOthin film

4. Conclusion:
The values of band gap are estimated from the Tauc’s plots for sol-gel spin coatedZnO thin films
and the bandgap increased from 3.23 to 3.27 eV as Sn dopant increased but increase is uneven. .

The increase in band gap is good sign that these films can be used as coating in soar cells.

References:
1. Benelmadjat, H; Boudine, B; Halimi, O; Sebais, M. (2009) “Fabrication and

characterization of pure and Sn/Sb doped ZnO thin films deposited by sol
— gel method”, Optics & Laser Technology,41, 630 — 633.

2. Chrysicopoulou, P; Davazoglou, D; Trapalis, C; Kordas, G.(1998) “Optical
properties of thin film (< 100 nm) sol — gel TiO; films”, Thin Solid Films,
323,188 - 193.

3. Chin, S.C; Chi, C.Y; Lu, Y.C;Hong, L;Lin,Y.L;Jen,F.Y;Yang, C.C
; Zhang , B. P ; Segawa, Y; Ma, K.J; Yang, J.R.(2006) “ Nano — structure

Page | 3584 Copyright © 2019Authors



THINK INDIA JOURNAL ISSN: 0971-1260

Vol-22-1ssue-16-August-2019

study of ZnO thin films on sapphire grown with different temperature
conditions”, Journal of Crystal Growth,293 , 344 — 350.

4. Chen, P; Ma, X; Yang, D. (2007) “ZnO : Eu thin films : Sol — gel
derivation and strong photoluminescence from °D, — 'Fo transition of
Eu®* ions”, Journal of Alloys and Compounds, 431,317 —320.

5. Delgado, G.T; Romero, C.1.Z; Hernandez, S.A.M; Perez, R.C; Angel, O.Z.
(2009) “Optical and structural properties of sol — gel prepared ZnO thin
films and their effect on the photo catalytic activity”, Solar Energy
Materials and Solar Cells, 93, 55 — 59.

6. Fortunato, E; Barquinha, P; Pimentel, A; Goncalves, A; Marques, A,
Pereira, L; Martins, R. (2005) “Recent advances in ZnO transparent thin
films transistors”, Thin Solid Films, 487, 205 — 211.

7. Gawel, B; Gawel,K ; Oye, G. (2010) “Sol — Gel synthesis of Non — silica
Monolithic Materials”, Materials ,3 , 2815 — 2833.

8. Houng, B; Huang, C.J. (2006) “Structure and properties of Ag embedded
aluminium doped ZnOnanocompositethin films prepared through a sol — gel
process”, Surface Coatings and Technology,201, 3188 — 3192.

9. Hai — quing, J; Jun, C; Xi, Y. (2006) “Photoluminescence properties of
ZnSe/ SiO, composite thin films prepared by sol — gel method”,
Transactions of Nonferrous Metals Society of China,16, s266 — s 269.

10. Kamalasanan, M.N; Chandra, S. (1996) “Sol — gel synthesis of ZnO thin
films”, Thin  Solid Films, 288, 112 — 115.

11. Kim, T.K; Kim, G.H; Woo, J.C; Kim, C.||.(2008) “Characteristics of nickel
doped Zinc Oxide thin films prepared by sol — gel method”, Surfaceand
Coatings Technology, 202, 5650 — 5653.

Page | 3585 Copyright © 2019Authors



