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This thesis focuses on the study of the ferroelectric properties of Bismuth
Ferrite (BFO) thin films on various substrates, including NSTO and FTO. The aim is to
explore the effects of different preparation methods, such as annealing, focused ion
beam (FIB) patterning, and electron beam lithography (EBL), on the ferroelectric
property of these films. Additionally, the impact of UV exposure on the ferroelectric
behavior of BFO films is investigated to understand the potential for controlled

switching of polarization states.

The research begins with the preparation of BFO thin films on NSTO and FTO
substrates using RF magnetron sputtering. These films are then annealed at 600°C for
30 minutes to improve their crystallinity. X-ray diffraction (XRD) analysis confirms the
formation of crystalline structures in the annealed films, while scanning electron
microscopy (SEM) provides detailed insights into their surface morphology. Energy-
dispersive X-ray spectroscopy (EDS) is used to verify the elemental composition of the

films, confirming the successful deposition of BFO on the substrates.

The study then explores the effects of nanoscale patterning on the ferroelectric
properties of BFO films. Focused ion beam (FIB) is used to create grid patterns of 300-
400 nm size on the BFO/NSTO films, while electron beam lithography (EBL) is
employed to fabricate gold nanohole arrays on BFO/FTO films. Piezoresponse force
microscopy (PFM) is used to measure the amplitude and phase responses of these
patterned films, revealing how the patterning process affects the distribution and
orientation of ferroelectric domains. The results show that nanoscale patterning by FIB
and EBL reduces the overall ferroelectric response, while both patterns enhance the

uniformity and stability of the ferroelectric domains. Next, the research investigates the



Y

impact of UV exposure on the ferroelectric properties of annealed BFO films on NSTO.
Polarization-electric field (P-E) hysteresis loops are measured under three conditions:
no UV, under UV, and after UV exposure. The results indicate that UV exposure
introduces photo-induced charge carriers, reducing the remnant polarization and
coercive field of the films. However, partial recovery of these properties is observed
after the UV exposure is removed, suggesting that UV light can be used to control the
ferroelectric behavior of BFO films. The voltage response of BFO films under different
UV power levels is also studied. Without UV exposure, the voltage remains stable and
close to 0 mV, indicating minimal photo-induced activity. Under UV exposure, higher
power levels result in significant voltage increases, confirming a reversible photo-
voltaic effect in the BFO films. This effect is more pronounced with higher UV power,
demonstrating the potential for tunable ferroelectric properties through controlled UV

exposure.

The findings of this thesis highlight the importance of preparation methods
and patterning techniques in determining the ferroelectric properties of BFO films.
Annealing improves the crystallinity and ferroelectric response, while FIB and EBL
patterning have different impacts on the distribution and stability of ferroelectric
domains. The ability to control polarization states using UV light opens new possibilities
for developing advanced optoelectronic devices and non-volatile memory

applications.
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