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In this article, we focus on Multi-Sample Analysis
(MSA) with the hope to uncover its mysteries. Along
the way, we will reveal new applications that do not
require “multiple” samples.

Traditional Multi-Sample Analysis

MSA was first demonstrated with spectroscopic
ellipsometry data in the early 1990s'. It works by
combining information from different light path-lengths
through films of different thicknesses. More recently,
we demonstrated that MSA can also work with films

of the same thickness?. In this special case, each sample
must have a different overall structure. For example,
the same coating is deposited on silicon and above a
thick dielectric coating on silicon. Light interacting
with the common absorbing layer has been modified

by its surroundings (sample structure) and thus is able
to provide new information.

Example — PEDOT:PSS Films

Thin polymer films are finding their way into light-
emitting diodes, solar cells, and plastic electronics.
Conjugated polymers such as PEDOT:PSS are very
interesting due to their conductive properties. Many
blends of PEDOT:PSS exhibit anisotropy due to their
orientation, which has been likened to a stack of
pancakes®. The optical properties of PEDOT have been
shown to exhibit uniaxial anisotropy with metallic and
dielectric behavior in the ordinary and extraordinary
directions, respectively®.

The final fit results in Figure 1 show data from each
thickness on the same graph. Notice all three samples fit
well, including both SE data and Transmission intensity.
The final optical constants are also shown in Figure 1.

Anisotropic Samples

MSA analysis does not always require multiple samples,
as the name implies. It can also apply to the same sample
when different orientations provide new information. For
anisotropic substrates, the optical axis can be oriented in
multiple directions relative to the ellipsometer
measurement beam (plane of incidence) to provide new
information. Figure 2 shows experimental SE data for a
SiC substrate with in-plane 4H hexagonal crystal
structure. Multiple data sets from the same sample but
with different orientations of the optical axis provide
very different results. This difference is very noticeable
between measurements shown with the optical axis
parallel and perpendicular to the plane of incidence.
Using the MSA approach, both orientations are analyzed
simultaneously to determine the ordinary and
extraordinary dielectric functions, as shown in Figure 2.

Mapping Data

The latest application of MSA also involves a single
sample. In this case, new information comes from
measuring different locations across a non-uniform
coating that is mapped with spectroscopic ellipsometry.
Data from multiple points are analyzed simultaneously
to help develop a consistent model that accounts for
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Figure 1. Experimental data from 3 different samples of PEDOT:PSS are simultaneously analyzed

m with the MSA method. This results in a single consistent set of anisotropic optical constants.
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Figure 2. MSA approach applied to multiple measurements of the same anisotropic sample. Each
measurement is aligned with different orientation to the optical axis. This provides the additional
information needed to determine both ordinary and extraordinary dielectric function for the
hexagonal SiC substrate.
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