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Abstract- The popular printed circuit board (PCB) material,
FR4 is composed of a glass fiber weave embedded in epoxy.
Because the epoxy and the glass fiber have different dielectric
constants, the dielectric constant experienced by electric field in
the substrate depends on the direction of the electric field. Error
in knowledge of this anisotropy causes error in the
electromagnetic (EM) analysis of any circuits being designed. An
"average" dielectric constant can be used, however the correct
average depends on the specific field configuration and thus on
the specific circuit layout. As such, both accurate knowledge of
dielectric anisotropy and the ability to perform EM analysis
including anisotropy is important. This paper proposes a new
dual mode resonator for measurement of dielectric anisotropy,
specifically uniaxial anisotropy where there is one dielectric
constant for electric field perpendicular to the substrate surface,
and a second dielectric constant for all electric field tangential to
the substrate surface. The technique proposes to compare EM
analysis results to measurements to determine the anisotropy. In
this paper, we describe and simulate the proposed approach and
illustrate evaluation of the expected error.

Index Terms- Anisotropy, dielectric constant, dispersion,
electromagnetic analysis, FR4, measurement, method-of-
Moments (MoM), printed circuit board (PCB), transmission line,
uniaxial.

I. INTRODUCTION
S UBSTRATE materials formed from a composite of materials

that have different dielectric constants are potentially
anisotropic. Typically, there is one dielectric constant for
electric field perpendicular to the substrate and a second
dielectric constant for electric field parallel to the substrate.
This is known as uniaxial anisotropy. Generally accepted
electromagnetic (EM) analysis methodology attempts to
measure and/or select some kind of average dielectric constant
and use that value in EM analysis as if the substrate were
homogeneous (i.e., same dielectric constant for all directions
of electric field). Unfortunately, the optimum "average"
dielectric constant depends on the relative mix of vertical and
horizontal electric field as determined by the specific circuit
being analyzed. Thus, an average dielectric constant that
works for one circuit might not work for another circuit.

Critical to solving this problem is precise knowledge of the
actual anisotropic substrate dielectric constants. This
investigation uses stripline, Fig. 1, to evaluate FR-4, a
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Fig. 1. Coupled stripline has ground above and below. Vertical sidewalls are
critically important to make sure the two grounds are at the same potential
and thus share equal amounts of ground return current. The lines are
uniformly surrounded in uniaxial anisotropic dielectric. The object is to
measure the anisotropy based on the different field configurations of even and
odd modes.

common material for printed circuit boards (PCB). It is
formed of a glass weave encapsulated in epoxy. These same
concepts also apply to microwave substrates that involve a
glass fiber/Teflon composite, even if the glass fiber is not in
the form of a woven cloth.
We have found that discussions on this topic are sometimes

frustrated by lack of common coordinate systems. Those
working primarily with transmission lines place the z-axis in
the direction of propagation, the x-axis tangential to the
substrate surface and the y-axis vertical in a right-handed
fashion. Those who work with circuits place the z-axis vertical
with x- and y-axes tangential to the substrate surface.

For this work, rather than explicitly referring to x-, y-, and
z-axes, we refer to horizontal (tangential to the substrate
surface) and vertical (perpendicular to the substrate surface)
directions. We also refer to transverse (perpendicular to the
direction of propagation) and longitudinal (in the direction of
propagation) directions. We hope this terminology is clear to
workers from either field.

II. THE SINGLE MODE STRIPLINE RESONATOR
The proposed technique is based on a dual mode stripline

resonator. Typically, stripline resonator techniques lightly
couple to a resonator. Combined with knowledge of the length
of the resonator, the resonant frequency determines the
dielectric constant of the substrate. Error sources include
fabrication tolerances, measurement error, and open end
fringing capacitance. All three sources can be quantitatively
bounded, an effort required for a useful measurement.
The open end fringing capacitance is particularly important.

Fringing capacitance off the open end of a half wavelength
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