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ABSTRACT

In doped ZnO thin films with different In content were deposited
on glass substrates at 400 °C by spray pyrolysis technique. The
effect of Indium doping on the electrical and optical properties of
ZnO films was investigated. The optical transmission spectra
recorded in the wavelength range from 300 to 900 nm. The dark
electrical resistivity of these samples was measured in the
temperature range 300 to 550 K. the electrical resistance was found
to be decreased to 6.3 x 103 (Q-cm) for 3% In doping.

Keywords: Zinc oxide, Thin films, Chemical spray, optical
properties, electrical properties.

INTRODUCTION

Zinc oxide (ZnO) is the subject of increasing interest in the last few
years owing to its potential applications in ultraviolet (UV)
optoelectronic devices [1-2], transparent conducting oxide (TCO)
thin films [3-4] and spintronics [5-7]. In addition, ZnO offers
noticeably high chemical, mechanical and thermal stabilities [4].
Due to the these properties, ZnO is a promising material for several
technological applications such as ultraviolet (UV)/blue emission
devices [5-6], solar cells [7-9], piezoelectric devices [10], acousto-
optical devices [11], acoustic resonators [12], chemical sensors [13-
16],

Several approaches have been proposed and developed for the
preparation of In doped ZnO thin films such as magnetron
sputtering [17], spray pyrolysis [18], metal-organic chemical vapour
deposition (MOCVD) [19], pulsed laser deposition (PLD) [20], arc
plasma evaporation[21], dip-coating [22] and ion plating [23].
Among these, spray pyrolysis is one of the most used methods.
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METHODOLOGY

In-ZnO thin films were deposited on the pre-heated
glass substrates by simple and cost effective spray
pyrolysis technique at 450 9C, Spray rate 2.5 ml/min,
distance 30
concentration was 0.5 M. The precursor used was Zinc
acetate dehydrated (Zn(C:H302)2.2H>0). The Indium
chloride was the doping source. The In percentage in the

substrate to nozzle cm and molar

solution was varied from 1 at% to 4 at% in the starting
solution. The prepared solution is then sprayed on the
heated glass substrates which transforms the solution
(mixture) to a stream formed with uniform and fine
droplets. Characterization techniques used, were UV vis
spectrometer and electrical conductivity.

RESULTS

Optical properties
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Figure 1: Transmission spectra of In-doped ZnO thin
films.

Fig. 1 shows the optical transmission spectra recorded in
the wavelength range from 300 to 900 nm. From this
figure it is observed that, all transmittance spectra show
sharp absorption edge in the wavelength range between
380 to 425 nm. The average optical transmittance in the
visible range for all In-doped thin films was about 70%
to 95%. This indicates that the films prepared with these
conditions are smooth and uniform [24]. The optical
band gaps were estimated from the optical transmission
spectra by plotting (ahv)? versus photon energy (hv) and
extrapolating the straight line portion of this plot to the
photon axis as in Fig. 2.

The optical band gap varied from 3.25 eV to 3.31 eV as In
varied from 1 to 4%.
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Figure 2: The plot of (ahv)? vs photon energy of In-
doped ZnO (3%) thin films.

Electrical characterization

The dark electrical resistivity of these samples was
measured in the temperature range 300 to 500 K. The
plot of log resistivity versus 1000/T is shown in Fig. 3. It
is observed that the electrical resistivity is decreased as
the indium doping concentration is increased from 0 to 3
at% and when exceeding 3 at% the resistivity increases.
This may be due to the addition of indium in the ZnO
lattice, In3* acts as a substitution donor in the host lattice
which explains the observed decrease in electrical
resistivity with In-doping concentration.
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Figure 3: Conductivity as a function of In-doping
concentration

CONCLUSION

In-doped ZnO (IZO) films were
amorphous glass substrates at 400 °C by spray pyrolysis.

The physical properties of these films have been studied

deposited on

in detail as a function of increasing In doping (from 1 to
4 %) concentration. The optical analysis showed that the
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transmittance spectra have sharp absorption edge in the

wavelength range between 380 to 425 nm. The optical

band gap varied from 3.25 eV to 3.31 eV as In varied

from 1 to 4%. The electrical resistivity is decreased as the

indium doping concentration is increased from 0 to 3

at%.
REFERENCES

1. Ohta H. Kawamura K, Orita M, Sarukura N,
Hirano M, Hosono H. Electron. Lett., 36, 2000,
984-985.

2. Guo XL, Choi JH, Tabata H, Kawai T. Jpn. J.
Appl. Phys., 40 (2), 2001, L177-L180.

3. Assuncao V, Fortunato E, Marques A, Gonc A,
alves, Ferreira I, Aguas I, artins R. Thin Solid
Films, 442, 2003, 102-106.

4. SJ. Henley, M.N.R. Ashfold, D. Cherns, Surf.
Coat. Technol. 177 (2004) 271-276.

5. Pan F, Song C, Liu X], Yang YC, Zeng F. Mater.
Sci. Eng., R 62, 2008, 1-35.

6. Sernelius BE, Berggren KF, Jin ZC, Hamberg I,
Granqvist CG. Phys. Rev., B 37, 1988, 10244-
10248.

7. Fujiwara H, Kondo M. Phys. Rev., B 71, 2005,
075109-1-10.

8. Hsu HC, Tseng YK, Cheng HM, Kuo JH, Hsieh
WE. J. Cryst. Growth, 261, 2004,520.

9. Kong YC, Yu DP, Zhang B, Fang W, Feng SQ.
Appl. Phys. Lett., 78, 2001, 407.

10. Lee HY, Ko HJ, Yao T. Appl. Phys. Lett., 82, 2003,
523.

11. Contreras MA, Egaas B, Ramanathan K, Hiltner
J, Swartzlander A, Hasoon F, Noufi R. Prog.
Photovolt., 7,1999,311.

12. Lee JB, Chen Z, Allen MG, Rohatgi A, Arya R. |.
Microelectromechanical Syst., 4, 1995, 102.

13. Fortunato E, Ginley D, Hosono H, Paine DC.
MRS Bull., 32,2007, 245.

14. Wacogne B, Roe MP, Pattinson TJ, Pannell CN.

Appl. Phys. Lett., 67,1995, 1674.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gorla CR, Emanetoglu NW, Liang S, Mayo WE,
Lu Y, Wraback M, Shen H, J. Appl. Phys., 85,
1999, 2595.

Lee ]JB, Kim HJ, Kim SG, Hwang CH, Hong SH,
Shin YH, Lee NH. Thin Solid Films, 435, 2003,
179.

Ma QB, Ye ZZ, He HP, Hu SH, Wang JR, Zhu
LP, Zhang YZ, Zhao BH. . Cryst. Growth, 304,
2007, 64-68.

Reddy KTR, Reddy TBS, Forbes I, Miles RW.
Surf. Coat. Technol., 151, 2002, 110-113.

Kaul AR, Gorbenko QOY, Botev AN, Burova LIL
Superlatt. Microstruct., 38, 2005, 272-282.

Snure M, Tiwari A. J. Appl. Phys., 101, 2007,
124912-124916.

Minami T, Ida S, Miyata T, Minamino Y. Thin
Solid Films, 445, 2003, 268-273.

Fathollahi V, Amini MM. Mater. Lett., 50, 2001,
235-239.

Iwata K, Sakemi T, Yamada A, Fons P, Awai K,
Yamamoto T, Matsubara M, Tampo H, Niki S.
Thin Solid Films, 445, 2003, 274-277.

Studenikin SA, Golego N, Cocivera M. |. Appl.
Phys., 83,1998, 2104.

© 2018 | Published by IRJSE

Submit your manuscript to a IRJSE
journal and benefit from:
Convenient online submission
Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available
online

High visibility within the field

AN

AN

Email your next manuscript to IRJSE

: editorirjse@gmail.com

http:/ /www.irjse.in




