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ABSTRACT OF THE DISSERTATION

Hybrid Optoelectronic Materials and Devices Based on Cadmium Zinc Oxide

by
Shruti Verma

Hybrid Nanodevice Research Group (HNRG), Discipline of Electrical Engineering

Indian Institute of Technology, Indore

Cadmium Zinc Oxide (CdZnO) based hybrid optoelectronics materials and devices are
studied and discussed in this dissertation. CdZnO thin films with a nominal thickness of ~200 nm
were grown on c-plane sapphire substrates by using dual ion-beam sputtering deposition technique.
The effect of substrate temperature and gas ambience on structural, morphological, compositional
and opto-electronic properties was studied. X-ray diffraction patterns confirmed that all the films
were polycrystalline in nature and were preferentially oriented along the c-axis. It was revealed that
the films grown at Ar/O; ratio of 4:1 were structurally more ordered and the film quality was found
to be best at 500 °C. The compositional studies specified that approximately 11.8 at.% of cadmium
was present in the film deposited at 300 °C in Ar-O, mixture. Investigations on optical properties by
photoluminescence (PL) and absorption studies indicate band gap shrinkage with the increase in
argon partial pressure and substrate temperature. The CdZnO thin films showed broad PL spectra
indicating its possible application as white light emitters. The photosensitivity was found to be 5000-
fold higher for CdZnO film grown at 600 °C in Ar-O, ambience as compared to the best reported
result on the material. These results were promising to realize opte-electronic devices such as
multiple quantum well light-emitting diodes utilizing these CdZnO films. Blue multiple quantum
well light-emitting diodes (LEDs) comprising of p-ZnO/ (Cdo.12Zng 330/Zn0) quantum wells/ n-ZnO
were grown on n-Si substrates. X-ray diffraction of individual thin films revealed growth
preferentially in c-axis direction perpendicular to the substrate and high crystallinity of each film.
Photoluminescence studies indicated blue emission ~ 440 nm (2.81 eV) from CdZnO and UV
emission ~384 nm arising from ZnO thin films. The quantum well LEDs showed a rectifying
current-voltage behavior with a turn-on voltage of ~2 V at room temperature. The LEDs emanated a
room temperature prominent blue electroluminescence (EL) peak centered at 442 nm due to quantum
wells, along with shoulder peak at 380 nm in ultra-violet region associated with the recombination in

ZnO layers of structure. It was found that with the increase in injection current the blue EL intensity




increases and UV emission decreases, leading to improvement in successful radiative recombinatiop
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