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ABSTRACT 

In the present work, transparent conducting films of 

undoped and indium doped zinc oxide have been deposited by 

spray pyrolysis. The substrate temperature, spray rate and 

the In-concentration. have been recognized as the important 

deposition. parameters and their effects on the electrical and 

optical properties have been investigated. Films with In/Zn 

ratio of 0.03, deposited under optimized conditions exhibit 

excellent transparent conducting properties (visible trans- 

mittance 	82% and sheet resistance r 10-1,5 ohm/square). 

Auger depth profile reveals a uniform concentration of 

Zn 0 and In throughout the thickness. Further, the concen-

tration of indium in the film is the same as that in the spray 

solution. All films are polycrystalline and exhibit the 

hexagonal wurtzite structure of bulk ZnO with the same lattice 

constants. The grain size of undoped ZnO films is e.,/ 80 nm 

while that of the doped films is 40 nm. Below a thickness 

of 100 nm, the grain size decreases with decreasing thickness. 

Undoped ZnO films have a strong orientation of c-axes parallel 

to the substrate normal. In case of doped films with In/Zn 

ratio of 0.03, the c-axes of grains are preferentially tilted 

at an angle of "J580  with respect to the substrate normal. 

Doped films with thickness 4100 nm have randomly oriented 

crystallites. 

The resistivity of films increases on annealing in 

oxygen/air and decreases on annealing in vacuum. Undo-pod ZnO 

films exhibit the largest change when annealed in oxygen and 

vacuum, while the films with In/Zn ratio of 0.03 show marginal 



changes. These results are explained in terms of chemisorption 

and desorption of oxygen at the grain boundaries which lead to 

the creation or annihilation of extrinsic trap states. 

The temperature and dopont concentration dependence of 

the resistivity, mobility and carrier concentration of as-deposited 

vacuum annealed and oxygen annealed films have elucidated the 

conduction mechanism existing in these films. The vacuum annealed 

films do not have extrinsic trap states at the grain boundaries. 

These are degenerate semiconductors and the mobility in these 

films is controlled by ionized impurity scattering inside the 

grains and scattering due to grain boundary potential barriers. 

In case of films with oxygen chemisorbed at the grain boundaries, 

the extrinsic trap states trap free carriers from the bulk of 

the grains and result in the formation of depletion layer 

potential barriers adjacent to the grain boundary region, which 

leads to the lowering of mobility. Depending upon the relative 

magnitudes of the doping level and the trap state density, 

different modes of conduction process are possible. At very hib 

doping levels, segregation of dopants at the grain boundaries 

leads to an increase in mobility. 

The optical constants, n and k in the visible agree well 

with the corresponding bulk value. In case of doped films, the 

optical behaviour in the near IR and IR regions is dominated by 

free carriers, exhibiting a plasma reflection edge, beyond which • 

the reflection in the IR increases to r'i 70(X). The undepod films 

exhibit a dielectric behaviour up to 10 pm. The free carrier 

effective mass and lifetime inside the grains have been estimated; 



and it is concluded that the scattering mechanism inside the 

grains is due to ionized impurities/imperfections. The optical 

bandgap of the films shifts to higher energies with increasing 

carrier concentration. This has been explained by taking into 

account two competing mechanisms, namely, a bandgap widening 

effect due to filling of low lying states in the conduction band 

and a bandgap narrowing effect due to electron-electron and 

electron-impurity interactions. 

SIS solar cells have been fabricated by spraying ZnQ:In 

on n-Si wafers. Typical efficiencies obtained are about 	on 

cells of 	2 cm-  area. Preliminary characterization of the 

junctions has been done and an energy band diagram has been 

proposed. 
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