ortenin
the Design Cycle

lectromagnetics (EM) has today become a

critical part of the microwave design cycle.

This article briefly traces the entry of EM

into microwave design and describes how

today’s design cycle arose.
Then, we discuss how recent develop-
ments (in particular, perfectly calibrat-
ed ports in EM analysis) open entire new areas of
applied microwave design.

Typical products resulting from the new EM-based
methodologies are shown in Figure 1 from Dielectric
Labs [1]. While these filters look like normal two- and
three-port structures, the EM analyses for these filters
using the new design methodologies (topological parti-
tioning, functional partitioning, and tuning methodol-
ogy) typically include dozens of extra ports. Properly
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included, these extra ports reduce the design process
from weeks and months to, literally, days. In fact, ana-
lyzing these filters as simple two or three ports is now
sometimes a waste of time. As we describe the new
design cycle below, you will see why
this is happening. All of these new
methodologies effectively amount to
producing precisely and quickly tunable EM analyses.

Background

Twenty-five years ago, when | started my company
(Sonnet Software) [2], numerical EM had virtually no
mindshare in the microwave and high-frequency
design community. Back in the 1970s, the design cycle
started with a Smith Chart and slide rule. Later on we
started using calculators and circuit theory software on

James C. Rautio is with Sonnet Software, Inc., 100 Elwood Davis Road, North Syracuse, NY 13212 USA.
E-mail: rautio@sonnetsoftware.com.

Digital Object Identifier 10.1109/MMM.2008.929555

IEEE MiCrowave magazine

1527-3342/08/$25.00©2008 IEEE

December 2008

Authorized licensed use limited to: James Rautio. Downloaded on December 30, 2008 at 18:11 from IEEE Xplore. Restrictions apply.



computers. After designing, we would build it and
measure it. Usually, the circuit did not meet require-
ments, so we had to redesign. For circuits with large
dimensions (i.e., you could actually see the circuit),
redesign could sometimes be done with an exacto knife
and silver epoxy. Toward the end of my hardware days,
| started designing some of the first gallium arsenide
microwave integrated circuits. No exacto knife now
and fabrication for each design iteration was three to
six months and US$50,000.

This is when | started thinking that there has to be a
better way. So | set off to Syracuse University, nailed
down a Ph.D. [3], [4] under Prof. Roger Harrington [5]
[the originator of the method of moments (MoM)], and
changed the design cycle.

The new design cycle, still in wide use today, is to
design the circuit using the usual circuit theory tools, just
like we always used to back in the 1980s. Today, instead
of building the circuit, the layout is passed to an EM
analysis tool. For aggressive designs, the circuit still does
not meet requirements. The redesign takes place entirely
on the computer without the assistance of an exacto knife.
You just modify the polygons of the layout. A complete
redesign and EM analysis of a moderately complex cir-
cuit can now take a week or so, instead of the few months
sometimes required by design-fabricate-measure.

Most of that week-long cycle deals with design clo-
sure. Because of the EM analyses, we know that our first
layout will not meet requirements. Design closure is the
process of deciding which elements to change and how
much to change them. In the design cycle described
above, this question is left up to the experience of the
engineer, or to automated EM-based optimization, to
propose a potentially successful redesign. Wouldn't it be
nice if we could compress this process down to one day?

Seems impossible. A moderately complicated circuit
requires an overnight run for just one EM analysis.
(This is by definition. For this discussion, we define a
moderately complex circuit to be one that requires an
overnight EM analysis.) We require lots of EM analyses
in order to figure out the sensitivities of the various
dimensions for redesign. Faster computers don’t even
help. Sure, we get faster computers, but then our cir-
cuits get bigger. A moderately complex circuit still
requires an overnight run.

Getting the design cycle to go faster is actually easy.
Just throw away all those messy, time-consuming sensi-
tivity EM analyses. We will allow one, and only one,
EM analysis of the complete circuit per design cycle so
it goes nice and fast. Hold on, now we’re running blind!
How do we figure out what to change to get design
closure? Before we get to that key point, let’'s go over
some background on EM analysis.

Different Kinds of EM Analyses

First, we mention volume meshing EM analyses. There
are both time-domain (i.e., analyze one time step after
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Figure 1. Filters on ceramic designed by Dielectric
Laboratories are the results of new microwave design
methodologies that use numerous additional ports to facili-
tate rapid design closure.

another) and frequency-domain tools. These tools are
important and valuable components in any high-
frequency designer’s tool chest and | strongly recom-
mend having both types. However, this article is about
planar circuits. For most planar circuits [unless there is
a significant three-dimensional (3-D) portion], volume
meshers are slower or less accurate than just about any
specialized planar tool, so | will not consider them here.

For planar surface meshing tools, there are two
types: shielded and unshielded. Both tools mesh only
the surface of the metal of your circuit into, say, N sub-
sections. Then they both fillan N N matrix and invert
it. Matrix inversion is usually the limiting factor as it is
order N3. This is a common form of the MoM. Both
approaches have their relative advantages and disad-
vantages and, again, | strongly recommend you have
and use both.

Unshielded tools are based on a Green’s function in
an unshielded environment (the Sommerfeld integral),
thus including radiation. The Green’s function is inte-
grated over four dimensions for each matrix element.
For the Sommerfeld integral, this requires numerical
integration, and answers are usually calculated to
—0.001 or so. This accuracy is good enough for many
applications. The advantage of the unshielded approach
is that the numerical integration is easily performed
over any size or shape subsection. This gives great flex-
ibility in setting up the meshing of an arbitrary layout.
The disadvantage is the —0.001. This is the tolerance on
the numbers going into the N N matrix to be inverted.
For large matrices, inversion amplifies error. The larger
the matrix (i.e., the finer the mesh), the more numerical
issues arise. Because of this error issue, in situations
using the new design cycle described below, unshielded
tools are probably best avoided.

A recent development in unshielded EM analysis is
fast techniques that are order N « log(N) instead of N3 as
above. While commercially available for many years in
fields like antennas and scattering, such tools have not
seen application in microwave design due to inherent
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