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Characterization of power spectral density of optical surface
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Abstract: Using the Si substrate and the HfO, single layer as the examples, the power spectral density
(PSD) of the optical surface was calculated and characterized. First, the method that calculates the 1D
power spectral density (PSDyy), 2D power spectral density (PSD,,) and isotropic power spectral density
(PSDy») was introduced. Then, the surface morphologies of the Si substrate and the HfO, single layer
were measured using atomic force microscopy with four scan areas, for example, 1 pmx1 um, 5 pmx5 pm,
10 pmx10 pm, 20 pumx20 wm. Using a MATLAB program, the PSDyos of the different scan area were
calculated. And the PSDiy _comia OVer a larger spatial frequency range was given using the geometric
mean of these PSDyos. The result shows that the PSDiso_comina Of Si substrate before and after HfO,

coating were similar for the low spatial frequency region but quite different for the middle and high
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frequency region. The poly-crystallized microstructure of the HfO, coating is the main reason for the

observed PSD difference between the Si substrate and the HfO, coating. The o5, and oy, were calculated

and compared. The results are quite similar, which proves the correctness of the proposed method for the

PSD calculation.
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Fig.3 PSD,, image and PSDyy curve
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Fig.6 AFM 3D images over 1 pmx1 pm
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Fig.7 PSDiso and PSDiso_cominea Curves before and after coating
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Tab.1 oy and osp of Si Substrate before coating

over four scan areas

Jiso/nm Ogp/NMm A
1 pmx1 pm 0.19 0.22 ~13.64%
5 wmx5 pm 0.42 0.43 -2.33%
10 pmx10 pm 0.51 0.57 ~10.53%
20 pmx20 wm 0.77 0.77 0

F2 EEREREONMERERTTH 0w M osm
Tab.2 oy and oy, of Si substrate after coating

over four scan areas

Jiso/nm Ogp/NMm A
1 pmx1 wm 1.87 1.89 -1.06%
5 wmx5 pm 1.81 1.81 0
10 pmx10 pm 1.65 1.66 ~0.60%
20 pmx20 pm 1.47 1.51 ~2.65%
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