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• My Ph.D. research was devoted to the synthesis and characterizations of p-type transparent 

conducting CuAlO2 thin films and some device fabrication (e.g. transparent diodes) from 

them for potential application in ‘Transparent Electronics’. Most of the transparent 

conducting oxides (e.g. ZnO, SnO2 etc.) are n-type. CuAlO2 is the first reported p-type 

transparent conducting oxide thin films, which has opened up a new field in opto-electronics 

device technology, the so-called “Transparent Electronics”, where a combination of the two 

types of transparent conducting oxides in the form of a p-n junction could lead to a 

‘functional’ window, which transmits visible portion of solar radiation yet generates 

electricity by the absorption of UV part of it. We have synthesized this CuAlO2 thin film by 

cost-effective direct-current (D. C.) sputtering and reactive D. C. sputtering techniques from 

prefabricated targets. A large part of the research was devoted to the optimization of oxygen 

content within the film, by controlling oxygen partial pressure during sputter deposition, to 

get highest p-type conductivity. The film properties were studied by XRD, EDX, SEM and 

TEM studies, UV-Vis-NIR and FT-IR measurements, electrical conductivity and Hall studies 

etc. In characterizing the films emphasis was given on the detection and physical origin of 

defects, impurities and measurement of the electrical effects, which they produce.
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• Successful fabrication of all-oxide transparent heterojunction thin film diode of the form p-

CuAlO2+x/n-ZnO: Al was also performed, which is the major step towards the realization of 

“Transparent or Invisible Electronics”.
7-9

 

 

• Also thermoelectric and field-emission properties of CuAlO2 thin films were studied, which 

have potential applications in thermoelectric converters and field-emission displays. Being a 

superlattice material, CuAlO2 provides the two-dimensional confinement of the electrons and 

phonons within the crystal lattice which enhances the thermoelectric properties of this 

material. Also, as a wide bandgap material, CuAlO2 shows low-electron affinity which 

enhances the low-macroscopic field-emission properties of the material and provides the 

potential alternative to the conventional metallic and carbon-based field emitters.
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• Also I have worked on the fabrication of p-CuAlO2 nanoparticles and first time observed the 

photoluminescence properties of these nanocrystalline films. These nanostructured p-TCO 

materials can be combined with existing and well-known n-TCO nanomaterials to form nano-



active devices, which may open up new avenues in the field of “Transparent 

Nanoelectronics”.
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• Besides my Ph.D. related work, I have also devoted myself on the Sol-Gel processing of 

some nano-crystalline thin films, such as, doped SnO2 (SnO2: F/Sb), doped zinc oxide (ZnO: 

Al) thin films etc. Also I have worked on the wet-chemical synthesis of nano-fiber-structured 

ZnO thin films as well as CdS nano-particles and studied their field emission properties.
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• Another important work I have performed during my doctoral research is the deposition of 

transparent conducting oxide (TCO) thin films (such as ZnO) on plastic (PET) substrates for 

flexible display technology.
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• I have also worked on the successful fabrication of p-type semiconducting, layered-structured 

sodium cobalt oxide (γ-Na0.71Co0.96O2) thin film by chemical route for potential applications 

in thermoelectric converters.
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• I have also partially worked on the preparation of some carbon and boron based thin films 

e.g. diamond like carbon (DLC), cubic boron nitride (cBN), carbon nitride (CNx), diamond 

and nano-diamond (nD) etc. and their characterizations.
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