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ABSTRACT 

The requirements of high electrical conductivity and high optical transparency for 

various device applications are met conventionally by incorporation of dopants in addition 

to oxygen deficiency. But the efforts have reached a limit and any further improvement 

needs a new approach. 

In the present work we have carried out a systematic and detailed study of the 

growth of ultra thin tin oxide films using chemical spray pyrolytic deposition technique 

under the presence of electric field. This consequently leads to significant improvement in 

electrical and optical properties without any need of dopants. This is the first study of the 

parallel electric field effect on the growth of thin films using a chemical deposition 

technique. Applied field modifies the nucleation phenomena by the modification in the 

size of the critical nucleus and the nucleation barrier height, which accelerates continuous 

film formation at much early stage of the film growth and films are formed with high 

conductivity as well as with high transparency at much lower thickness of the film and 

much lower temperature of the substrate. The present work contains the deposition of 

undoped and fluorine doped tin oxide thin films using spray pyrolysis deposition 

technique with and without the influence of small electric field (dc) applied on the film 

surface during the early stage of film growth as well as annealing of the films in the 

presence of the applied electric field. The post deposition electric field annealing has also 

been studied on films grown conventionally without any electric field. 

The fluorine doped tin oxide (PTO) thin films of thickness in the range of (25 to 

100nm) were deposited on the glass substrates by using spray pyrolysis deposition 

technique. These films are prepared at a low deposition temperature 300-350°C. The sheet 

resistance and visible transmittance of theses films spray deposited at 300°C are found to 

be in the range of 3 to 50Kohm and 65-88% respectively, thicker films have exhibited 
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lower sheet resistance and lower transmittance. The as-deposited films are amorphous in 

nature. Polycrystalline films with the comparatively smaller sheet resistance as well as 

with the high transmittance deposited at the 350°C. From these experimental results it is 

concluded that for the deposition of polycrystalline film with high transparency, the 

deposition temperature and thickness should be more than the 350°C and 100nm 

respectively. In general thickness required to obtain a reasonably low sheet resistance is 

higher than 500 run. 

Thin (60-70nm) transparent and conducting fluorine doped tin oxide films were 

deposited at the low deposition temperature on glass substrate by the application of 

different dc electric field (2.5, 7.5, 12.5 and 75V/cm) on the substrate surface between the 

electrodes separated by the distance 4mm during growth in spray pyrolysis deposition 

technique. The film with sheet resistance 4752/0, the electrical resistivity as low as 3.2x10-  

4
0cm with a simultaneously high transparency of 88% at 625nm were prepared in the 

presence of an electric field of 75V/cm even at the low deposition temperature275-300°C. 

However the film grown is highly resistive when prepared without applied electric field, 

the sheet resistance measured as high as 31(C2/0 and with quite poor transparency as low 

as 59% in the visible spectral region are obtained. A dramatic decrease, by a factor of 60, 

is brought about in sheet resistance (resistivity) by the influence of the electric field on the 

growth process. This observation understood on the basis of the onset of an early 

coalescence establishing electrical continuity at the lower film thickness. 

The XRD patterns show that film prepared in the presence of the field is 

polycrystalline whereas the as-deposited films are amorphous in nature Growth rate of 

these films are as high as 210 run/min. 

The influence of small dc electric field (5- 30V/cm) also studied on growth of 

undoped tin oxide thin films onto glass substrates using a spray pyrolysis deposition 
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technique. The applied electric field improves a number of the properties of the film; 

critical thickness of film, resistance, and other electrical transport properties of the films. 

A low sheet resistance of 530 S2/E1 obtained for films deposited at a low 

temperature of 300°C in the presence of field and it is about 20 times lower than for the 

film prepared in absence of field. Thickness of the films was measured in the range 110nm 

to 120nm. In addition, these films show exceptionally high visible transparency reaching 

up•to 97%. The high carrier concentration as high as 1020  cm-3  and mobility 12 cm2  V-1  s-I  

have been obtained in comparison to highly resistive films normally obtained without 

field. The X-ray diffraction studies have shown that the application of electric field 

transforms the amorphous growth to the crystalline and oriented one. The atomic force 

microscopy of the film reveals an improved grain structure with the compact grain 

boundary region and with the reduced surface, roughness when film is prepared in the 

presence of electric field. 

The influence of application of post—deposition dc electric pulse, where an electric 

field is applied on the film surface for a short time of 5 sec, at high substrate temperature 

of 350-400°C has been studied on the properties of the different thicknesses (20, 40,.60, 

80, 100 and 150nm) of fluorine doped tin oxide thin films. The annealing resulted in the 

reduction of the sheet resistance by a factor of 3 to 19.2 depending on the thickness of the 

film. Maximum reduction occurs for minimum thickness. This agrees with the conclusion 

that presence of field assists in bringing about coalescence in the ultra thin discontinuous 

film. The improved transmittance of the field treated film compared to the film annealed 

without electric pulse effect indicates a better crystallinity and reduced optical scattering 

centers. The best opto-electric properties were found in the 40run thick electric field 

treated film, an ultra thin continuous film with very high transmittance 92-94% as well as 

useful electrical resistivity of the order of 10-35-/cm. 



The films prepared with and without effect of the electric pulse of thickness 40nm 

were analyzed by the AFM revealing a transformation of the discontinuous film to 

continuous film. The experimental results show that the post deposition applied electric 

field is much effective when applied on the ultra thin film. 

In order to modulate the properties of the film prepared in the presence of field, 

annealing for different times (0, 10, 30, 50 and 100min) in the presence of a constant 

electric field (30V/cm) was done. Effect has been seen in terms of the changes in the 

electrical and optical properties of the film on treatment. The deposition and annealing 

temperatures were in the range of 250-300°C and 350-400°C respectively. When the 

films were annealed in the presence of electric field, the sheet resistance of the as-

deposited film (zero annealing time) reduced with annealing time, the maximum reduction 

from 31(Q/0 to 800Q/0 was observed for an annealing time of 100min. However when 

films were annealed without electric field, the sheet resistance of the film was found to 

increase slightly, from 3 KCVO to 5 1(Q/0 after 100min annealing time. 

Annealing of the films in the presence of field also resulted in enhanced values of 

carrier concentration and mobility, from 5.7x 1019  to 9.4 x 1019/cm3  and 4.9 to 12.3 

CM2V-IS-1, respectively. These properties of the film changed in the opposite manner with 

annealing time when annealed without applied field. The improved properties of the films 

is ascribed to the field induced coalescence and improved grain size of film due to the 

presence of electric field during annealing process. The systematic increase in the intensity 

of the X-ray diffraction lines as a function of the annealing time was supportive of this 

conclusion. All the experimental results show that the application of electric field applied 

during or/and the post annealing resulting in the improved properties of the ultra thin films 

of doped and undoped tin oxide. 
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