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Numerical Study on Optical Characteristics of Multi-Layer Thin Film Structures
Considering Wave Interference Effects

Woam - E 8
(Hyung Sub Shim * Seong Hyuk Lee)

Abstract - The present study is devoted to investigate numerically the optical characteristics of multi-layer thin film
structures such as Si/SiO; and Ge/Si/SiO; by using the characteristic transmission matrix method. The reflectivity and
the absorptivity rate for thin film structures are estimated for different incident angles of rays and various film
thicknesses. In addition, the influence of wavelength on optical characteristics related to complex refractive index is
examined. It is found that such wave-like characteristics are observed in predicting reflectivities and depends mainly on
film thickness. Moreover, the present study predicts the film thickness for ignoring wave interference effects, and it also
discusses the fundamental physics behind optical and energy absorption characteristics appearing in multi-layer thin film
structures.
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Fig. 1 A schematic of the multi-layer structure.
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Fig. 2 The interface reflectivity between air and dielectric film
with respect to incident angles.
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Fig. 3 A schematic of thin film structure.
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Fig. 4 Comparison of estimated normal reflectivities by using
CTM with the previous study[4] : symbols represent the

results from the previous studyl4] and solid lines

indicate the present calculation.
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Fig. 5 Schematics of (a) SiSiO: and (b) Ge/Si/SIO:
structures.
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Table 1 Complex refractive indices of silicon and germanium
with respect to wavelengths[4] ([UV]: ultraviolet; [VIS]:
visible; [IR]: infrared)

{a) Silicon

Wavelength n k
0.051 [UV] 0.752 2.430
0.062 [UV] 0.567 0.0835
0.124 [UV] 0.306 1.380
0.5081 [VIS] 4.255 0.072
0.5904 [VIS] 3.969 0.030
0.7045 [VIS] 3.778 0.012

10 (IR 3.422 6.76x10°
20 [IR] 3.420 2.860
71.43 |[IR] 3420 1.930
{b) Germanium

Wavelength n k
0.051 [UV] 0.991 0.144
0.062 [UV] 0.991 0.237
0.124 [UV] 0.930 0.860
0.5081 [VIS] 4.482 2.429
0.5904 |VIS} 5.748 1.634
0.7045 [VIS] 4.990 0.200

10 [IR] 4.005 1.43x10°
20 [IR] 4.000 239
71.43 [IR] 4.006 1.020
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Fig. 6 Calculated normal reflectiviies for Si/SiO. structures
with respect to film thicknesses at A =0.5904 ym.
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