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ZnO THIN FILM/ BISMUTH DOPED ZINC OXIDE THIN FILM/SOLAR CELL

Nanocrystalline Zinc oxide (ZnO) thin films has widely studied for photoelectric
devices because ZnO is a semiconductor with a wide direct band gap and a large exciton
binding energy for their potential applications of solar cells. In this study, ZnO thin films
doped with bismuth (Bi) in concentration of 0.0-6.0 at.% (denoted as ZnO:xBi, x= 0.0-6.0)
were prepared by sol-gel and spin coating techniques on fused quartz and silicon substrates
and then annealed at 200-700°C in an electrical furnace. Effect of Bi concentrations,
annealing temperature and number of layer coating on the chemical structure, the optical and
electrical properties of ZnO:xBi films were investigated for potential in solar cell
application. From XRD pattern, ZnO:xBi (0.0-1.0) thin films showed the hexagonal wurzite
structure with c-axis preferred orientation in (002) plane and the tensile stress on the c-axis.
With increasing the Bi concentrations more than 1.0 at.%, XRD pattern indicated the
polycrystalline ZnO as similar with ZnO without Bi doping and Bi,O3; phase was found for
the ZnO films doped with Bi concentration more than 2.0 at.%. The average grain size of
Bi-doped ZnO films was slightly changed with increasing the Bi concentration. For the
optical properties and absorption coefficient spectra, all films showed the good optical
transmission more than 80% in visible region and good respond in the blue wavelength. The

energy band gap of Bi-doped ZnO films annealed at 600°C was slightly changed with



different Bi concentrations. From XRD result, it indicated that Bi concentration more than
1.0 at.% doping in ZnO films resulted the Bi out-of phase ZnO phase. Thus, 0.2 at.% Bi
doped ZnO thin film was chose for studying the effect of annealing temperature. The surface
morphology of the ZnO:0.2Bi annealed between 200-500°C showed high amount of the
large cracks while that of annealed at 600°C showed better surface with a less surface
cracks. However, with annealing temperature at 700°C, the amount of cracks in the sample
was higher. Addition, the optical transmission of films annealed at 200-600°C had more
than 80% in the visible wavelength range while that of film annealed at 700°C had higher in
the range of wider wavelength due to the large cracks on the film surface after annealing at
higher temperature. However, the energy band gap of films decreased with increasing the
annealing temperature. For the |-V characteristics under dark and illuminated conditions of
Zn0:0.2Bi annealed at 600°C, it found that the electrical conductivity of films were 0.938
and 1.153 (ohm-cm)™ for 1 and 5 layers of coating, respectively. Thus, the Zn0:0.2Bi film
with 5 coating layers was applied for prototype of solar cell in Ag-Al grid/ZnO:Bi/n-type Si:
p-type mono-Si/Al. From the relationship of voltage and the current density of solar cell, the
energy efficiency of solar cell with Zn0:0.2Bi film showed higher (2.51%) than that without
Zn0:0.2Bi film (1.43%). The energy efficiency of prototype solar cell with Zn0O:0.2Bi film
was low as compared to the commercial solar cells due to the high series resistance of cell.
However, the prototype solar cell with Zn0O:0.2Bi film annealed at 600°C provided the
highest Quantum efficiency as compared to that with the other films. Therefore, ZnO:0.2Bi

film annealed at 600°C can be used for the potential of solar cell application.
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