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A method for the deposition of ZnO thin film from an aqueous solution of a zinc 
complex has been developed. The resistivity of the film could be varied by two orders 
of magnitude by doping with Sn 2 + during the deposition process. The resistivity was 
drastically reduced by annealing in an argon atmosphere. The film obtained using 
this method showed slow response photoconductivity with a dark-to-light resis- 
tivity ratio of 10'*. 

1. INTRODUCTION 

Zinc oxide thin films offer a variety of applications. The low conductivity, 
highly oriented film can be used as an ultrahigh frequency electroacoustic 
transducer because of its piezoelectric property 1'2. The medium conductivity thin 
film is an n-type semiconductor and can be used with an appropriate p-type 
semiconductor as a heterojunction in the field of photovoltaic conversion of solar 
energy 3'4. The high conductivity ZnO thin film with a high transparency in the 
visible spectrum can be used as a transparent electrode in the field of optoelectronic 
displays and in the field of photovoltaic solar energy conversion as well 5'6. ZnO thin 
films can be used in electrophotography and also as a gas sensor 5. 

There are numerous methods for the preparation of ZnO thin films, such as 
sputtering2,6 8, vapour  deposition 1,7,9 and spray pyrolysis 3'4. Chemical deposition 
of thin films from aqueous solutions is a very promising method because of its 
simplicity and economy. Chemically deposited ZnO thin film was obtained as a 
byproduct  in an attempt to prepare the composite CdxZn 1 _xS 10 

The method described here enables the deposition of ZnO thin film with a 
thickness and conductivity which can be controlled during the preparation 
procedure. The deposition can be performed onto any kind of substrate that is 
inactive with respect to the chemicals used. 

2. EXPERIMENTAL DETAILS OF THE FILM PREPARATION 

To prepare the ZnO thin films we used a technique of successive immersion of 
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the substrate into two separate solutions, a technique already employed for Cu20  
thin film preparation tl. Four different solutions of Zn 2 + complexes were used for 
this. The first was an aqueous solution of (NH4)2ZnO2 prepared in the following 
way. Concentrated N H 4 O H  was poured into 100 cm 3 of 0.5 M ZnC12 or ZnSO4 
until a white precipitate of Zn(OH)2 was formed. On the further addition of N H 4 O H  
the precipitate dissolved. The solution was diluted to 500cm 3 to obtain a 0.1 M 
solution of the Z n  2+ complex which was found to be the most convenient 
concentration to produce a good quality film. 

The second solution was an aqueous solution of NazZnO/ ,  prepared in a 
similar way to the first, in which N H 4 O H  was substituted by NaOH.  

The third solution was a complex solution of Zn(OH)2 in N a C N  obtained by 
adding granular N a C N  to the white precipitate of Zn(OH)2 and diluting to 500 cm 3 
to obtain a 0.1 M complex solution. 

The fourth solution was 0.1 M aqueous ZnCI 2. 
A thin film of ZnO formed on the substrate on decomposition of the Zn 2 + 

complex in hot water (95-100 °C). ZnO thin films were deposited onto glass, quartz 
and mica substrates and the physical properties such as crystal structure, optical 
transmittance, conductivity and photoconductivity were examined. 

A clean substrate was immersed first in a cold solution of the complex and then 
in boiling water for 1-2 s. In this way the substrate was covered with a thin layer of 
the complex solution which decomposed to ZnO when placed in boiling water. Part  
of the ZnO so formed was deposited onto the substrate as a strongly adherent film 
and part of it formed a precipitate. 

The technique of immersion of the substrate into separated chemicals (a cold 
solution of the Zn 2 + complex first and hot water second) effected a constant increase 
in the thickness for each immersion, so that the final thickness of the film was 
determined by the number of immersions. Using the concentrations mentioned a 
yellow interference appeared after 24-25 immersions. Continuing with successive 
immersions, the interference colour changed to red, violet, green and yellow again. 
In this way, it was possible to monitor  the film growth visually. The thickness of the 
film was calculated from the mass of equally coloured parts of the film and it was 
found that the change in the interference colour from red to red corresponded to an 
increase of 0.17 #m in the film thickness. The rate of increase in the thickness was 
constant because the concentration of the solutions was constant during the 
growing procedure. This is because immersion of the substrate does not change the 
concentration, and because the chemical reaction, namely the decomposition of the 
ammonia  complex occurs at the interface between the substrate and the hot water. 

The higher Z n  2 + complex concentration gave a higher growth rate but the 
quality of the film was poor since it contained a powder-like deposit. In order to 
obtain a highly transparent film it was necessary to rub down the film with a piece of 
cotton after the first immersion. In this way the weakly adherent microcrystals were 
removed while the strongly adherent microcrystals remained on the surface. These 
crystals then serve as nuclei for further growth and therefore if the first layer is of 
good quality further growth will continue with the same quality. 

The highest growth rate was obtained in the case of preparation using the 
ammonia  complex solution and the lowest growth rate was obtained from pure 
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ZnC12 solution, which was about five times slower. The best film quality (high 
transparency) was obtained from the ammonia complex solution. For this reason, 
all the films used for examination of the physical properties were prepared from the 
ammonia complex solution. 

3. PHYSICAL PROPERTIES OF Z n O  FILMS 

X-ray diffraction spectra and optical transmission spectra were obtained and 
the temperature variations in the resistivity and in the photoconductivity of the ZnO 
films were measured for films of thickness 0.85 ~tm by monitoring the fifth 
appearance of the red interference colour. A scanning electron micrograph of the 
film surface is given in Fig. 1 with a magnification of 4500 ×. The X-ray spectrum 
obtained using the Debye-Scherrer method is presented in Fig. 2. For comparison 
the diffraction spectrum of a ZnO standard is presented in the same figure (lower 
spectrum). 

Fig. 1. Scanning electron micrograph ofaZnO thin film. (Magnification 4500 x .) 

From this it can be concluded that the deposited film is pure ZnO and that any 
impurities are present in concentrations below the limit of detection. The 
pronounced peak at 20 = 34.4 ° in Fig. 2 with respect to the same peak of the 
standard shows that the preferred orientation of the microcrystals of the film is along 
the c axis normal to the substrate surface. The same preferred orientation of the 
microcrystals was found in the case of ZnO films prepared using other 
methods 1.6,12. 

The film obtained using this method showed slow response photoconductivity 
and a dark resistivity as high as 107~ cm. This indicates that the film has fairly 
good stoichiometry. Under ordinary daylight illumination the resistivity decreased 
to 10  6 ~ cm. Doping of the film with Sn z ÷ during the growth procedure by adding 
10 c m  3 of 0.1 M Na2SnO 2 or SnC12 decreased the dark resistivity by two orders of 
magnitude. Annealing of the undoped film in an open atmosphere decreased the 
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F i g .  2. X-ray diffraction spectra of a ZnO thin film (upper spectrum) and of a Z n O  standard (lower 
spectrum) (wavelength 2 = 1 . 5 4 0  5 0  x 1 0 -  l o  m ,  n i c k e l - f i l t e r e d  K c t  radiation). 

resistivity by two orders of magnitude. The resistivity of both undoped and doped 
films was drastically reduced by 100C2 cm on annealing the films in an argon 
atmosphere at 400 °C, which was found previously for films obtained using other 
methods 4'1°. It was also found that the resistivity can be decreased by diffusion of 
cadmium after immersion of the film in molten cadmium. 








