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Abstract: The third harmonic generation (THG) in hexagonal boron nitride flakes (hBN) is

experimentally studied, the nonlinear third-order susceptibility is estimated.
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1. Introduction

Hexagonal boron nitride is a layered material getting increasing attention. The unusual properties of hBN, such
as high optical transparency [1], large bandgap [2], high mechanical strength [3], chemical and thermal stability
and excellent oxidation resistivity, made hBN an outstanding candidate for different electronic and optoelectronic
devices. Due to the similar crystal structure to graphene and the smooth surface that is comparatively absent of
charge traps and dangling bonds [4], hBN is also actively used as a substrate for graphene-based technologies [5].
The need for detailed characterization of the hBN optical response for use one in optoelectronic devices has
stimulated a steady and broad array of experimental results [6]. However, the hBN third-order nonlinear optical
susceptibility ¥, which can have significant impact on all high-power applications, has not been studied until
now. In this work, we investigate the THG in hBN flakes, which have been mechanically exfoliated on a fused
silica substrate, and measure hBN .

2. Results and discussion

The hBN flakes, studied in this work, were prepared by a method previously developed for transition metal
dichalcogenides (TMDs) [7]. We obtained a high yield of few-layer hBN flakes. The optical image of a typical
flake is shown in Fig. 1(a). It is easy to see that the sample has different color areas, which is caused by the
interference of light in thin films, due to the flakes inhomogeneous thickness. T the thicknesses of the sample is
determined by atomic force microscopy (AFM) measurements [see Figure 1(b)] andvaries from 5 to 150 nm.
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Fig. 1. Images of the hBN flake. (a) Optical image, (b) AFM image. (c) Power-dependent nonlinear optical
response of hBN, plotted in double logarithmic scale. (d) THG intensity map.



The third-order nonlinear susceptibility of an hBN flake was measured using a home-built multiphoton microscope
specifically designed for optical harmonics generation. As a light source, a femtosecond Ti:sapphire laser, which
can provide laser pulses with a duration of 150 fs and repetition rate of 80 MHz at the 1080 nm wavelength, was
used. The laser beam was focused onto the sample with a 3 um focal spot under normal incidence using the
objective lens with an effective NA = 0.25. Third-harmonic radiation reflected from the sample was collected by
the same objective lens and directed by a dichroic mirror to the detection channel for measuring the spectrum of
the nonlinear signal or the intensity map [see Fig. 1 (d)].

To confirm the nature of the triple-frequency signal reflected from hBN flake, we measured its dependence on the
pump power [see Fig. 1(c)]. The signal intensity in our case followed the expected cubic dependence on the pump
power, which confirmed THG. After that, the polarization of the THG signal was measured. The obtained
dependence was approximated with good accuracy by Malus’ law, which indicated linear polarization of THG
aligned with the polarization of the fundamental beam.

To estimate nonlinear third-order susceptibility of hBN, we measured the THG signal from areas of the flake
corresponding to different thicknesses. Unlike second harmonic generation in hBN produced by a single layer due
to destructive interference [8], THG is cumulative. In the region of small thicknesses, the dependence of THG
signal on flake thickness could be approximated by the quadratic function, which corresponded to the case of no
interference between different THG contributions. In thicker regions, a nonmonotonic dependence of THG was
observed, which corresponded to the interference between backward THG and frontward THG in reflection from
the hBN/substrate interface. The experimental results were in good agreement with the theoretical THG behavior
calculated using the nonlinear transfer matrix method [9]. Based on these results, we estimated the value of the
third-order optical susceptibility for hBN as = 5.1*¥10"' m/V2.

3. Conclusion
To conclude, we have performed the third harmonic generation measurements in hBN flakes and carried out
detailed analysis which allowed us to extract the hBN cubic nonlinear optical susceptibility ¢ =5.1*¥10"2' m/V2.
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