The nanoporous alumina films on Al substrates are characterized nondestructively by polarization-sensitive THz reflectometry. Sparse deconvolution is applied to estimate the film thickness, showing a good agreement with the value measured using the field emission scanning electron microscopes.

Figure 2 shows the polarization-dependent refractive indices for sample after the second anodization step. A sin(2𝜃 + 𝜑 1 )+B sin(6𝜃 + 𝜑 2 )+C are employed to fit the polarization-dependent refractive indices. The first term is to describe birefringence, while the second term is to reflect any effect of the hexagonal lattice on the polarization dependence of the optical properties. We find A = 1.36 and B = -0.335. We find A = 1.36 and B = -0.335. We conclude B is not significant, and the polarization anisotropy does not appear to track the underlying NP lattice. 

  Fig. 1 Cross-sectional FE-SEM image [(a)-(b)] and top view FE-SEM image [(c)-(d)] after the first and second anodization step. In (a) we see a relatively irregular lattice and a rough air/NP Al2O3 interface; (b) shows much greater regularity.The surface and structural features of the NP Al2O3 film formed after AN were characterized using FE-SEM images, shown in Fig.1. After the second anodization step, a more uniform NP Al2O3 layer is formed.
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 2 Fig. 2 Calculated refractive index of the NP Al2O3 film as a function of polarization for sample after second anodization.
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 3 Fig. 3 The impulse response function reconstructed by SD (red) and the raw reflected THz signal (black) for sample after second anodization process. Next, film thickness of samples after second anodization process is measured by reflective pulsed THz tomography. Sparse deconvolution (SD) is essential to disentangle the overlapping echoes from nearby interfaces due to the optically thin film of NP Al2O3 in the THz regime. Two positive peaks are observed, the first corresponding to the position of air/NP Al2O3 interface and the second to the NP Al2O3/Al interface. The thickness calculated based on SD results shows a good consistent with thickness obtained by FE-SEM images III. SUMMARY In this work, The NP Al2O3 films with various thickness were formed on Al substrates with a two-step anodization process. The birefringence of the NP Al2O3 were also studied using the polarization-sensitive THz spectroscopy. Due to the optical thin of grown NP Al2O3 film, sparse deconvolution was applied to characterize the structure of NP Al2O3 film. The calculated thicknesses based on deconvolved results match well with the value obtained from destructive cross-sectional FE-SEM, confirming the potential of THz reflectometry for the characterization of such nanostructured films.