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An empirical dielectric functior: (EDF) and a fluctuated thickness medel (FTM) for SE analysis are proposed. EDF
satisfles the Kramers-Kronig relations and is applicable to various amorphous materials in the wide spectral range. Sev-
eral dielectric functions proposed so far are compared together with EDF by applying them to the established table val-
ues of & of a-8i and a-SisNs, EDF is used to characterize Si rich nitride (SiRN) films for deep UV lithography as an ¢x-
ample. FTM is applied to the characterization of SIMOX (Separation by Implanted Oxygen) with nm thick top Si layer
and is found 1o be much better than introducing an interface roughness layer whose dielectric constanis are expressed by
an effective medium approximation (EMA). By introducing FTM fo the analysis of SIMOX, thickness dependence of

dielectric constants in the top Si layers thinner than 5 nm has become abie to be detected.
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Fig. 1 Model function of f(E:) consisting of a hyperbolic
function 1 and an exponential function 4 smocthly
connected to 1 at the point 3. Parameters for adjust-
ment are Xo, Yo, Xo, dX, and 47,
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Fig. 2 Examples of the fittings. Full lines are the table val-
ues” of e of a-5i (left) and a-SisNs (right). Top figures
show a check of KK-refation program used, i.e., dot-
ted lines are &1 computed from & using the program.
Dashed and dotted lines show, respectively, £; and ¢,
best fitted by EDF, TL and FB.
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Fig. 3 Full lines show W and A spectra of five a-SiRN sam-
ples with different nitrogen composition measured us-
ing a four zone null spectroscopic ellipsometer at 70°,
Dashed lines show the best fit curves using EDF.
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Fig.4 Full and dashed lines show, respectively, measured
and the calculated reflectance spectra of two a-SiRN
samples. The calculation was made using the best fit
EDF parameters in Fig. 3.
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Table T Values of error and the best fit parameters of Fig. 5. Tideg) Afdeg)
Items sl o T 1 308 —
T 200l Best fit 7 :
Models Error |top 8i0: | top Si | BOX | EMA 0 ) PPIY{;m h;:asl 0 g
(deg) | (um) | (am) | (um) | (nm) 2 e TR
20r ot ! =
{A) PPM 14.7 11.0 | 238 | 443
{B) PPM+EMA | 751 10.8 1.97 | 430 | 21.7
(O) FTM 390 | 9.0 | 175 | 450
(D) FTM-+MDF | 272 | 923 | 1.99 | 449
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Fig. 5 Examples of fitting to ¥ and A measured at 70" with
the four models. Full and dotted lines show, respec-
tively, measured and the best fit curves. The values of
the best fit parameters are listed in Table 1,
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Fig, 6 TFitting errors with four models as functions of thick-
ness of top Si layer.
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Fig. 7 (a) Dielectric constants of the bulk Si (full lines) and
ihe best fit MDF (dotted lines). {b) Imaginary part of
ihe partial MDF functions of (a).
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Fig. 8 Dependence of the dielectric function of top Si layer
on its thickness.
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