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Introduction

Barium titanate (BaTiO,) is a promising material [1] because of its strong intrinsic ultrafast optical nonlinearities, electro-optic behavior and physical tolerance. These properties provide a platform for realizing
ultrafast optical control in optoelectronic devices, allowing various architectures for communications and signal processing applications..

Nonlinear phenomena have been broadly investigated on the bulk form as well as at the nanoscale. However, a systematic study on the nonlinear optical responses of BaTiO; nanoparticles (NPs) is still lacking.
Here, there has been an attempt to promote nonlinear optical properties of BaTiO; NPs by use of Aminomethyl phosphonic acid as an adsorbate. It could increase the stability of BaTiO; NPs with size~90-100 nm.
Nonlinear optical properties of a highly stable BaTiO; NPs film using intensity dependent femtosecond Z-scan technique, were investigated. We found an exceptional nonlinear switching behavior in BaTiO; NPs
(size ~90 -100 nm) from saturable absorption (SA) to reverse saturable absorption (RSA) through a distinct M-pattern at 800 nm which is near to the two-photon absorption band (3.2 eV).

Further increasing the excitation intensity shows that the nonlinear absorption (NLA) behavior of the NPs is efficiently modified from M-pattern to pure RSA. The multi-stage NLA phenomenon is assigned to the
Interchange of simultaneous one photon-SA follows excitation absorption, pure two photon absorption and three photon absorption effects.

We also observed broadband third order nonlinear optical properties of BaTiO; NPs achieved using spectral dependent Z-scan studies. The superior and switching NLO effects indicated that these materials might

be utilized for potential applications, including multiphoton-based imaging, optical modulator, and all optical switching devices.

Experimental Setup and Nonlinear optical Mechanisms

Lens

Mirror 2 / % Z-scan setup and beam path from the tunable fs-laser to the
‘ H< «| Detector 2 sample. For more check ref [2]
et 4 < A waveplate and polarizing beam splitter attenuate the input laser
Sample on power. Commercial beam expander (two parabolic mirrors) expand
the motorized Stage the beam by 4x and a lens focuses the beam on the sample.

4

» A motorized stage moves the sample in and out of focus.

» Two diodes record the measurement- and reference signal while a
mechanical chopper allows to adjust the on/off duration of the

Dispersivie signal.

» A flip mirror directs the beam to the autocorrelator to measure the

pulse duration.

L)

L 4

) Auto correlator

Preparation of stable BaTiO3 NPs solution and Film

Waveplate

-~

(b) (<) (d)

ESA TPA ET)
k SA > |< RSA > l

Figure 2 Electron transition schematics. a) Saturable absorption (SA). Reverse saturable
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