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Validity Analysis of Effective Medium Theory
and Long Wave Approximation for the Optical Properties
of Metal Surface Layer with Surface Roughness
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The effects of surface roughness on the optical properties of metals have been discussed by
comparing experimental results of ellipsometry with theoretical results from the homogeneous
effective medium model (HEM), the monolayer effective medium model (MEM) and the gradual
density layer model (GDL). A gradual increase of [7u/7s/(==p) has been observed with the increase
in surface roughness at a higher angle than s and gradual decrease at lower angle than 8z, where
Os is the pseudo Brewster’s angle. Though HEM models do not explain the roughness effect on
optical properties, MEM model and GDL model show good explanations for the optical effects from

rough metal surface, when Ad <A
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Fig. 1 Schematic figure of STAR apparatus.
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Fig. 2 Surface profile of mechanically polished copper
(0 qus = 1.5 nm).
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Fig. 3 Three surface layer models of rough metal
surface; (a) HEM, (b) HEM and (c¢) GDL models.

Table 1 Parameters of surface roughness ( 0 gus »

7 wa) ON polished coppers.

Cu A B C
O rvs 1.5nm 60nm 150nm
7 et 0.70 0.75 0.70
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Fig. 4 Vanation of p in mechanically polished
copper with different surface roughness ( 0 gys = A: 1.5
nm;, B: 60 nm; C: 150 nm) at (a) 8 =60, (b) 6 =80°
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Fig. 5 Vanation of calculated reflectance in
mechanically polished copper with different surface

roughness ( 0 gys=1.5 nm, 60 nm, 150 nm).
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Fig. 6 Observed and calculated dielectric function of
mechanically polished copper with different surface
roughness (0 gys=A: 1.5 nm; B: 60 nm; C: 150 nm; o:
Observed; b: Bruggeman, m: Maxwell-Gamett model).
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Fig. 7 Variation of o as a function of 6 from
MEM and GDL model with different Ad.
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Fig. 8 Variation of p asa function of Ad from MEM
and GDL model.
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