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Advanced, Complex, and Emerging Design Strategies
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Rough Roughness
Reasoning

The Pulse

Feature Column by Martyn Gaudion, POLAR INSTRUMENTS

Reliable bonding reduces the risk of delami-
nation through thermal stresses. The tried-and-
tested way of achieving a good, reliable bond is
to ensure that the copper is sufficiently rough
to promote adhesion to the epoxy resin in the
prepreg material. As materials and bonding
technology improves, the copper surfaces can
be made increasingly flatter and still achieve
the desired reliability. In the future, new bond-
ing methods—some already here but still on
the high-priced side of the equation— may
allow extremely flat copper to bond reliably.
Meanwhile, as the industry is heading down
the road of “smoother” copper, there is still a
need to model the effects of a rough surface on
signal transmission.

Models and Methods

There are four or five primary methods for
modelling signal losses owing to roughness,
depending on how you interpret them. Ham-
merstad and Groisse are legacy methods, but
still valid at the low GHz range. Hammerstad
was developed around World War II to calculate
the losses caused by machining grooves in early
radar systems. Groisse extends the frequency
capability a little higher. But if you are pushing
into the high GHz, then these legacy models
soon start to saturate, and they will both under-
predict the contribution that surface roughness
makes to loss. Newer methods (of the last decade
or two) perform to much higher frequencies and
correlate well with measurement systems.
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Huray modelling describes the dendritic
surface of the copper as small pyramids of
copper balls. Using a scanning electron micro-
scope (SEM), the SI engineer can enter the
ball count, area, and number of balls in area
to prime the Huray model. If this seems a little
tedious and only for academics with time on
their hands, there is a welcome answer. Bert
Simonovich of Lamsim Enterprises has a paper
which describes a preprocessor which takes
the matte and drum side’s Rz roughness mea-
surement and, as if by magic, generates a set of
Huray parameters. This saves us a lot of time
and effort with analysing SEM images.

The second relatively recent method for
modelling is the gradient method. Its authors
propose that rather than model the detail of
the surface, that the interface between the
copper and the dielectric be treated as a gradi-
ent where the characteristics blend from pure
conductor to pure dielectric over the RMS
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(Rq) roughness of the surface. Papers on the
gradient method propose that not only does
this model help the effects of roughness on loss
but also takes quite good care of the effects of
roughness on phase.

Are You a Snowball or a Ski Slope?

The two modern methods take a different
approach to roughness modelling with Huray
comparing and modelling the surface topology
as small stacks of snowballs (further simpli-
fied by Bert Simonovich with his Cannonball
Huray method). The gradient method offers a
“ski slope” down from the pure conductivity
of copper, through a blended zone of decreas-
ing conductivity, until the rough surface ends
in pure dielectric material. Huray takes data
analysed from an SEM to model the rough-
ness. The Cannonball method uses commonly
available Rz roughness data, and the gradient
method uses RMS (Rq) roughness data.
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Figure 1: Smooth and rough copper. (Source: Circuit Foil)
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Roughness Not Just a Number

RMS Rq Rz Rz (ISO), Rz(DIN), Rz(JIS),
and a myriad other roughness metrics reveal
a minefield of complexity to the SI engineer
who may just ask, “How many microns of Cu
is the roughness on this foil?” What is impor-
tant is that the methods mentioned are mod-
elled using specific
roughness metrol-
ogy, and there is
no trustworthy
conversion from
one to the other. You
may find some articles that
say something like, “In a
limited number of circum-
stances a conversion is pos-
sible,” but it is prone to error
and pitfalls. So, the bottom
line is to use the gradient method;
you need to use RMS (sometimes called Rq)
roughness. For the Cannonball Huray, use
Rz (DIN or JIS). There is good reason for the
variety, as in mechanical engineering you
may be looking at a certain roughness to hold
lubricant on a bearing or cylinder surface, or
the measurement may simply be one of pro-
cess control.

The OEM Rules

Regardless of the method you would like to
use, or you feel is best for your application, if
an OEM is specifying a particular model then
you had best stick to that. It’s fine to compare
with other methods, but for product qualifica-
tion, if the OEM is using roughness model “A,”
then that’s the choice made for you.

Future Directions

You may have noticed earlier in the article
that with improvements in resin systems and
copper surface pretreatments, that profiles are
getting smoother. Over time (and we are not
there yet), the need for roughness modelling
will ease.
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A Little Knowledge is...

..a dangerous thing, as the saying goes.
Whilst roughness data may be readily available
from your foil or laminate supplier, remember
that depending on where the material is in the
stack, it is likely to undergo further treatment
or plating on drill end layers. Not only do you
need to have material data, but also stackup
information on how the fabricator
further treats it before bonding
is valuable to form a com-

plete picture.
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Conclusion

Whilst at first
sight roughness
modelling may
seem fearsomely complex,
roughness is only part of the
loss budget. Getting a reasonable
figure in for roughness and choosing
the correct model will enhance your predic-
tion of insertion loss compared with solvers

that simply model smooth surfaces. DesigN007
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