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1. Introduction
Laminate suppliers are increasingly questioningwhy printed
circuit board (PCB) fabricators deviate from the speci� ed
dielectric constant in the materials data sheet, often posing
the question that if this is necessary there must be some
limitations in modelling software. However, what they have
missed is the fact that as geometries shrink, effects of the
material constituents increasingly come into play when
modelling impedance. A good fabricator needs to deviate
from the supplier�s data, as the material vendor supplies data
for the bulk material. Small geometry impedance controlled
structures are exposed to small scale effects, and currently
designers � nd that even though the base material has one
bulk dielectric constant, the particular structure experiences
the electrical properties of a higher component of one
constituent part of the laminate. A tightly coupled
differential pair on FR4, for example, may experience itself
in an environment that is very rich in resin. In addition, some
prepregs are double resin coated to obtain a smooth surface
� nish, thus behaving as though a pure resin layer is � oated
on the top surface of the board. Employing � eld solvers
based on the boundary element method (BEM) enables the
modelling of a wide range of alternative builds and allows
the user to consider resin layers, resin rich areas between
edge coupled and coplanar structures, and at a more
fundamental level, model the use of differing substrate types
within the PCB stack up.

2. Using more than one material type in
the stack
Essential in the drive to cost-effective high performance
PCBs is the move to employ multiple dielectric substrates.
This allows a low cost base material to be used for non-
critical layers while layers with demanding requirements for
speed and signal integrity employ a more suitable high
frequency material. This paper describes above some
important considerations when employing multiple
dielectric builds, and also considers whether multiple
dielectric modelling tools can assist in extracting the most
from builds constructed of one base material. The key to this
study is that when one examines the task of impedance
prediction closely, there is more information that needs
consideration than would normally appear on the base
material data sheet.

2.1 Effective dielectric constant (Er) change
from structure to structure: Er – is not always
what it says on the data sheet
2.1.1 Bulk and localised structure
dependant Er
The dielectric constant value quoted is not always as stated
on the manufacturer�s data sheet. This is not a problem with

the data from the laminate supplier since the � gure they
offer is the �bulk� Er of the material. What a laminate
vendor cannot be expected to de� ne is precisely how the
material will behave on the particular board being built. This
should not really be a surprise, but all too often is. Consider
the � eld patterns described earlier and the material that the
� eld experiences as it develops in the substrate. The
structure of the material, the prepreg, is a mix of resin and
glass, and during pressing the resin will � ow into the gaps
between and adjacent to the traces. There will be a local
variation of Er, and in differential structures the impedance
may be higher than predicted. Is this a laminate problem?
No, one simply needs to understand the material behaviour
as it relates to the transmission line structure being
employed. There are ways of lessening this effect, using
random �Aramid� reinforcement for example, but as in all
production situations, cost and manufacturability need to be
balanced with performance requirements.

2.2 All builds are at some point “multiple
dielectric”
While most engineers would consider a multiple dielectric
build as one composed of quite different core and prepreg
base materials, the same is true of FR4. This is because the
base material is composed of two materials with very
different electrical properties, resin with an Er of around
3 and glass with Er of approximately 6. Now that traces are
reducing to a similar scale as the constituent materials, the
base material should no longer be assumed as homogeneous.
It may be thought that this issue can be overcome by
employing a higher performance base material, however,
while the material remains a mix of glass and resin, the same
will still be true. In fact, if one takes the extreme case of a
woven glass PTFE material, there is even more variation
between the glass Er and the dielectric constant of the PTFE.
This is not a problem while the track widths are signi� cantly
larger than the dimensions of the glass weave, but when the
trace width reduces, this needs to be considered.

2.3 A more detailed look at how the electric field
sees the above substrates
First consider Figure 1. The case of coupled lines as shown
in this � gure is always more challenging from a modelling
perspective, as there is a signi� cant � eld between the
differential pair. This � eld only experiences pure resin
between the traces. It is vital that fabricators keep modelling
and testing for impedance, then learn the behaviour of each
structure and geometry range for use in future similar builds.
These data will increase the chance of higher � rst time
yields.

Figure 2 clearly shows the differing materials
surroundingthe traces, and even though the track geometries
are quite large, it is possible to see the areas of resin and
glass and how they surround the PCB transmission line
tracks by closely examining the pair above the upper

The Emerald Research Register for this journal is available at The current issue and full text archive of this journal is available at
w w w .em era ldinsig ht .com / res earc hreg iste r w w w .em erald ins ig ht .com / 0305 -612 0 .htm

Keywords
Dielectric devices, Laminates,
Impedance voltage,
Boundary-elements methods

Abstract
As printed circuit board (PCB)
track geometries shrink,
sometimes it becomes necessary
to look deeper than the material
data sheet when modelling
electrical properties of
transmission lines; this study
looks at how variation in
dielectric constant should be
handled in multiple and single
dielectric PCB builds. This paper
describes how even FR4 builds
should in some cases be treated
as multiple dielectric builds.
Approaches for understanding the
root cause of effective dielectric
constant variation with structure,
coupling and scale are
considered. An outline of the
implementation of the boundary
element method is provided for
those wishing to look a little
deeper into the modelling
process. Finally, a brief
investigation covers the sources
of measurement errors aimed at
helping to put the best data back
into the modelling process.
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