MSE 7140
Theory and Applications of Impedance and Dielectric Spectroscopy
Instructor:

Dr. R.A. Gerhardt
MRDC II- Love 168
(404) 894-6886
rosario.gerhardt@mse.gatech.edu
Learning Objectives:
(1)
To introduce the basics of impedance and dielectric spectroscopy (IS/DS) and
equivalent circuits, with an emphasis on materials and devices in the solid state.
(2)
To describe the various types of relaxation and resonance spectra observed in
different materials, and how these can be related to the equivalent circuit elements, as
well as to dielectric polarization models.
(3)
To discriminate between material factors and measurement factors and discuss pros
and cons of different instrumentation.
(4)
To establish signature responses associated with bulk phenomena, surface
phenomena as well as internal and external interfaces in a wide range of materials.
Materials considered include highly insulating and ferroelectric polymers and ceramics
as well as semiconducting and conducting materials and their composites.
(5)
To evaluate the effect of temperature and atmosphere on the response of materials as
well as the effect of ac signal amplitude, dc bias voltage and applied pressure.
(6)
To introduce the concepts of connectivity, percolation, effective medium models,
and their effect on ac and dc electrical measurements of heterogeneous materials.
(7)
To discuss new modeling schemes that take the size, shape and distribution of
electrical paths into account in order to use IS/DS as a non-destructive method for
microstructural characterization of all classes of materials and devices.
(8)
To provide sample spectra from ferroelectrics, CNTs, heterostructured
semiconductor films as well as devices such as batteries, fuel cells, biosensors and solar
cells.
(9)
To use as an NDT method for quality control as well as detection of environmental
and mechanical degradation of materials and devices regardless of their end application.
(10) To present examples of cutting-edge in-situ experiments that provide imaging and
quantification simultaneously with electrical testing.
Background:
The basic theory of how current, voltage and phase angle measurements over a wide
frequency range (typically mHz-MHz) can give information about microstructural features at all
length scales: e.g. point defects, adsorbed layers, electrode-material interfaces, grain boundary
interfaces, film thickness, surface or bulk porosity and grain size. Newer equipment has made the
GHz range more accessible but there are many more issues to contend with. Case studies for
powder, bulk and thin film materials containing metals, polymers, electroceramics, building
materials, semiconductors, biomaterials and mixtures of the same are used to demonstrate the
usefulness of this technique for basic electrical characterization of materials and devices for
process quality monitoring, for phase transformation detection as well as for sensing of mechanical
and/or environmental change or degradation.
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