University of Mosul

College of Education

for Pure Sciences

Investigation of The Nonlinear Optical Properties of

Zinc Oxide Thin Film

Tharaa Jirjees Polus Sony

M.Sc. Thesis
Physics

Supervised by

Lecturer

Dr. Thoalfigar Ali Zaker

2021 (A.D.) 1442 (A.H.)



Abstract

In this study, the widely known Z-scan technique was employed to
measure the nonlinearities of the Zinc Oxide thin film with thickness of 425 nm.
The measurements were made only for the third-order nonlinear optical
properties. The magnitude and signs for both the nonlinear absorption (NLA)
coefficient, nonlinear refraction (NLR) index, and the real and the imaginary
part of the third-order nonlinear optical susceptibility have been studied and
measured depending on the three main effects which include the power, the

polarization, and the frequency.

A laser diode with wavelength of 650 nm and maximum power of 3mW
was used as the light source. In the power measurements, the nonlinearities
study was made at low laser intensities ranging from (1.9, 2.2, 2.5 mW), with a
CW laser beam. The nonlinearities of the thin film exhibit a self-focusing
process and the two-photon absorption processes, which are indicating a

positive sign for both NLA and NLR indices.

In addition to that, for the frequency measurements, a study for the
sample nonlinearities were made at different frequencies starting from (1, 15,
40, 100 KHz). For the frequencies at (1, 15 KHz), a self-focusing process rises
which leads to change in the nonlinear refractive (NLR) index with a positive
sign, while for frequencies at (40, 100 KHz) a self-defocusing process rises
which leads to change the NLR index with a negative sign. Furthermore, the
nonlinear absorption (NLA) coefficient exhibits a positive value due to the two-

photon absorption process.

Finally, two-photon absorption process occur when the changing of the
polarization state with the fixed frequency and power. Indicating a positive sign
for NLA coefficient in both P- and S-polarization. Furthermore, the NLR index

exhibits a positive and a negative sign at S- and P-polarization respectively.
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