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Thinner is better. This is an
old, stereotypical saying that
is now being applied to

printed boards and printed board mate-
rials. If this is really the case, I personally
have a long way to go until I get “better.”
A more appropriate epigram might be
“Thinner can be better—if you plan 
for it.” 

The recent trend of “thinness” in PWB
materials can solve many density and size
problems designers face in these days
where everyone wants a real “Dick Tracy”
watch. In many cases, these thin materi-
als have been sold as “just like the thick
stuff.” Unfortunately, the reality of this
assertion is typically not true. The
mechanical and physical requirements of
the classic materials we all know and love
apply to thicknesses greater than about
0.006". As you drop below 0.006", both
mechanical and electrical properties
degrade in a non-linear manner. 

The impact of this thinness on printed
circuit manufacture must not be mini-
mized. Many of today’s manufacturers
are using production equipment that was
designed to handle materials greater
than 0.006". Manufacturers have had to
do many “special” things to their manu-
facturing processes to process thin mate-
rials. We all know the word “special”
applies to yields and, therefore, PWB
prices. Most of the new PWB manufac-
ture machines on the marketplace today
are currently designed for thinner mate-
rials. However, upgrading an entire PWB
shop is a costly endeavor and will not
happen overnight.

There has also been a lot of hype late-
ly about High Density Interconnects
(HDI). I have been appointed the IPC’s
General Committee Chairman (Hype
Master) for developing this emerging
market’s standards. While participating
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in the development of these materials
specifications, I have found that the
materials designated for use in HDI
PWBs look and feel similar to many of
the materials we are using today. They
will definitely have their own electrical
and mechanical properties which will be
significantly different than what we are
using today. One difference between
HDI materials and standard PWB materi-
als is that HDI materials are intended for
placement on a substrate which gives the
finished product its structural support,
while PWBs are typically designed as
structurally stand-alone products.

Below are some examples and a brief
description of tests typically performed
on materials, along with the approximate
test value differences we have observed
by testing “thick” and “thin” materials of
the same type. I do not do this to fright-
en, but to bring some understanding to
the serious issues which must be consid-
ered when using thin materials for PWB
manufacture. There are several other
factors (dielectric constant, loss tangent,
impedance, etc.) I choose not to cover,
but I can assure you that these properties
must also be taken into account.

Electrical Strength. The electrical
strength of a material is an expression of
its ability to withstand AC electrical
potential generated between both sides
of the material. The electric strength of
an insulating material is rated in
volts/mil of thickness. A standard epoxy-
based glass reinforced material will typi-
cally withstand a minimum of 800
volts/mil down to about 0.006" in thick-
ness. As the thickness of the material
goes below 0.006", the electrical strength
drops in a non-linear fashion until it
reaches only a few hundred volts/mil at
approximately .0016" in thickness.

Volume and Surface Resistivity. The vol-
ume and surface resistivity test measures
the bulk resistivity—both on the surface
and through the material. The test is per-
formed after environmental acceleration
(about a week of humidity exposure)
and four days of elevated temperature
exposure. The volume and surface resis-
tivity of very thin materials can degrade
by a factor of ten or more from the thick
version of the material.

Dimensional Stability. The dimension
stability test measures the ability of a
material to resist growth and shrinkage
in the X-Y direction when subjected to
thermal stresses. The dimensional stabil-
ity (or instability) of reinforced materials
is primarily influenced by the composi-
tion, style and weave pattern of the rein-
forcement present. Glass is the most
commonly used reinforcement world-
wide and comes in a number of weave
patterns. These patterns are woven with
three glass styles G1, G2, and G3 (see
IPC-EG-140 for details). Other, more
dimensionally stable reinforcement
materials (aramid, quartz, etc.) have
been developed to further limit the X-Y
expansion/shrinkage of materials. When
testing for dimensional instability of



glass-reinforced materials, thin materials
can have twice the instability than their
thicker counterparts. When testing mate-
rials are reinforced with other materials
designed for dimensional stability, thin-
ness has little effect on the observed test
values.

Flammability. The flammability test
measures the ability of a material to
extinguish a flame when it is applied in a
controlled environment. The interesting
difference between the observed values
of thick and thin flame resistant materi-
als is the fact that the thinner materials
burn for less time, but burn up more of
the sample than their thicker counter-
parts. Typically, these thin materials
become part of the overall composite of
the PWB, and in combination with other
thin materials, become thick again.

Arc Resistance. The arc resistance test
measures the materials’ ability to with-
stand pulsed high voltage arcing (12,500
VAC) across a 0.250" gap on the materi-

al’s surface. The result of the test is mea-
sured in seconds until material break-
down. When looking at the actual results
between thick and thin materials, thin
materials experience breakdown in
about half the time of their thicker coun-
terparts.

A Thin Moral to a Thick Story
It may seem that I’m warning that thin

materials are “bad” and won’t perform. I
don’t believe that at all. I am simply
asserting that they are misunderstood. I
wanted to draw attention to this issue
because many people are out there wav-
ing the “similarity” flag, and designers
are arbitrarily placing requirements on
their drawings without truly examining
the consequences of their actions. If
both the PWB designer and manufactur-
er plan for these unique attributes, thin
materials can bring amazing results in
increased density while reducing some of
the problems associated with z-axis

expansion and plating aspect ratios. In
many of today’s designs, board voltages
never get above a few volts; the conse-
quences and reliability issues where this
applies are almost non-existent. I have
also seen failures directly associated with
the misapplication of thin materials
where the attributes of the materials
used were incapable of meeting the
design requirements.

Thin materials will become common,
dominating the future of our industry.
Every materials supplier is convinced of
this, and is developing new and better
material to fit this need. Every major rev-
olution in our industry had considerable
problems associated with i t (riv-
ets/PTHs, two-sided/multilayer, electro-
less/direct deposit, etc.), and we, as 
an industry, overcame the obstacles. 
The model for success is there. However,
I caution you to be on the leading—
and not the bleeding—edge of this 
revolution.
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