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Feature Interview by the I-Connect007
Editorial Team

When we started planning this issue on
the art of PCB design, we knew we’d have to
speak with artists who are also PCB designers.
Fortunately, we know several such designers.
For this issue, we spoke with Mentor Graph-
ics (now Siemens) and Altium alum Charles
Pfeil, a great photographer; iCD founder Barry
Olney, a wonderful painter; and Nordson
Asymtek’s Bill Brooks, whose sculptures rival
those of Remington.

In this lively, wide-ranging conversation,
we asked this trio to discuss the artistic side of
PCB design, how art intersects with science,
and whether a young designer can learn to be
artistic. If you already had an idea on this topic,
we venture this interview might change your
mind.

Andy Shaughnessy: Many designers say PCB
design is as much an art as it is a science; some-
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times maybe more, or maybe not. We decided
to gather some artists in our industry—in this
case a painter, a sculptor, and a photogra-
pher—to talk about it. Is PCB design more art
than science?

Charles Pfeil: Sure, there are artistic aspects to
it, but I think there are some others too. For
example, a PCB designer has the knowledge,
experience, and ability to use the tools they
have, and their intent is to create a printed
circuit design that functions as desired. They
don’t start out wanting to create a work of art.
A photographer also has the knowledge and
ability to use tools that create a picture to fulfill
the photographer’s imagination. So, in a sense,
they both have similar talents. I would call it a
creative talent, but their goals are slightly dif-
terent. To be a printed circuit board designer
with artistic talent does indeed help solve the
problems with placement routing. They can
use imagination when they make decisions
on which approach is the best. The photog-



rapher goes through
that as well with all the
available options on
the camera. You use
one tool and another,
there are conflicts, and
you’ve got to compro-
mise. So, I think that
being able to use your
imagination to come up
with solutions is a fun-
damental, artistic ability.

A

Charles Pfeil

Barry Matties: If you had two photographers
and you set out to photograph a sunset, you
would wind up with two very different photo-
graphs, and the same would probably happen
with circuit design, right?

Bill Brooks: I would agree with that.

Barry Olney: Exactly. You can’t get two designs
that are totally the same. They’ll always be dif-
terent. That’s just the way you see it. It starts
with placement, and then you’re routing on
top of that.

Brooks: Depending on the skill level of the
designer the boards may also be functionally
different. The designer may do things that
would compromise or potentially enhance
performance based on their understanding of
the design rules. Artists can play by rules too,
but you must start by defining what art is. I
find there are many things called art that don’t
all meet the same criteria. Somebody taking
an art medium, pouring colored alcohol inks
and paints on it, and coming up with a pleas-
ing pattern is called art; they might be called
an artist, but I would say the skill level to do
that is not so high. On the other hand, there
are those who can copy Monet or Renoir. I've
even attempted to copy Bernini, who was a
phenomenal sculptor. So, different levels of
skill sets come into play as well as being able to
use the imagination.
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Olney: You mentioned, Bill, that it’s the way you
visualize the design, and I think that’s true. You
must look at their design with an electromag-
netic field perspective to understand trans-
mission lines, transmission line propagation,
and controlled impedance, recognize how sig-
nals and currents flow, and how the coupling
occurs at high frequencies. If you take all that
in, you change your perspective of the board.

Now, a beginner who just starts designing a
board willjustlook at the physical aspects. He’ll
place the chips and route it as best he can, but
he won’t visualize the electromagnetic fields
and the propagation of the signal. It’s very
important from a high-speed design perspec-
tive to get all those fields working together,
and your signal integrity and power integrity
is all nailed during the process. It’s a common
process that you follow. You get a similar out-
come every time, although the board looks
totally different.

Pfeil: Take a designer who doesn’t have the
knowledge and experience of what is required
to manage the high-speed condition; if that per-
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son has some artistic talent, it is likely there will
bealot ofstrictly parallel lines bunched together
and creating crosstalk. It may look nice, but it
won’t function properly. But a designer who
has the knowledge and experience, plus a little
bit of OCD, will also want to have the lines run-
ning nice and straight with adequate clearances
to avoid signal integrity problems.

It’s a matter of efficiency. If I fulfill the design
rules of a layout and it simulates properly,
using efficient meandering as necessary, and
using traces as short as possible to make rout-
ing less than the critical length, that is good. It
can look artistic and will be easy to edit in the
future.

Shaughnessy: It sounds like an artistic eye is a
requirement for this job?

Olney: Yes. You must be symmetrical as well.
I do everything symmetrically. I hate things
that are out of balance. That’s true with a PCB
stackup from top layer to bottom layer. All the
planes must be symmetrical about the center,
and the way you route things, you choose strip
line combinations that are symmetrical about
the center. It’s an artistic talent, but there’s also
attention to detail and you must be a perfec-
tionist.

If I see alittle kink in a trace, I'll fix it. I won’t
just leave and say, “Oh, that’ll be all right.” I
can’t leave it; it just annoys me. You must be
a real perfectionist to design a board properly
and you need to have the capacity to accept
change because a board designer is in a con-
stant state of flux. You're given a schematic,
and you start placing and routing it. Then
someone comes along and says, “Okay, here
are some more changes. Add these five chips
to the board.” Now you must move everything
around. You anticipate changes until the end
of the design, so another ability you must pos-
sess is to deliver on time and under constant
pressure. The board layout is the last process
in the design cycle. For example, with Christ-
mas coming up, there’s always this mad rush
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from customers who
want things finished
by Christmas. It’s just
human nature.

Matties: We surveyed
designers and asked
about the skill sets that
are required to be a
designer. The answers
led us to see that circuit
design seems to be more of an art of commu-
nication, an art of problem-solving, etc. All
these disciplines are skills, if you will, but you
must be able to creatively put them together to
come up with something that is right the first
time and optimally efficient.

N o ik
Barry Olney

Olney: You must have a thorough knowledge of
your EDA tool. You must know how to drive it
forward and backward, no matter what tool it
is. Then, you must understand the fabrication
process, assembly, and testing of the board.
If you've got a high-speed board, you’re also
considering signal and power integrity, cross-
talk, and EMI. There are these other issues that
come into it apart from just taking the trace
from one point to another on a board.

You must understand how the board is
manufactured and how close that trace can
go to certain obstacles. You must allow for
the reflow process, depending on which sol-
dering process you’re using. Back in the old
days, there was wave soldering and you had to
worry about shadowing of two components.
They all had to be in the same direction so
the wave comes over both pins of a chip at
the same time. It’s simplified these days with
reflow, especially double-sided reflow, which
makes it really easy. But all those manufac-
turing concepts must be considered during
design.

Pfeil: People like us have had a long career
with printed circuit board design, and part
of the attraction was the artist experience. Of
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course, we had to learn how to design boards
that fulfill the engineer’s requirements; but
as more designers come from the engineer-
ing side, they must learn how to do layout and
solve the problems that prevent successful per-
formance. What’s going to happen? Will they
care about the efficiency of artistic solutions?
Probably not so much. Maybe the automatic
tools will do that automatically. I can tell you
that since I've worked on the software side for
many years, when we develop autorouting and
interactive routing tools, we must come up
with solutions that current artistic designers
will also accept. If the results do not produce
results that the designer would have produced
themselves, they’re not going to use it. This has
been a problem for the software industry since
the 1980s.

Trace glossing routines are intended to
improve the routing, which can be rather cha-
otic. These routines will minimize lengths and
smooth out unnecessary jogs, while hope-
fully fulfilling all the rules. Automatic routines
will need to continually evolve to make the
design—especially with new circuit technolo-
gies—function as desired and be easier to edit
when it’s done. These are the tools that the
people from the engineering background will
want to use, and current artistic designers will




be less likely to say, “Well, it doesn’t look like I
would have done it, therefore I'm going to do
it myself.”

Brooks: Charles, which CAD tool were you
writing software for?

Pfeil: T wasn’t writing it. Primarily, T was the
architect for Mentor Graphics Xpedition PCB
(initially VeriBest PCB and now Siemens’ Xpe-
dition), and after that, I worked on Altium
Designer. I did a lot of work on XtremePCB,
Sketch Router, and Active Route, with a focus
on route quality and efficiency.

Brooks: That’s very cool. The art of glossing
new routes to make them look human-created
is an intuition thing. When we talk about how
an artist has an intuitive mind, they get inspired
by something to create art. We get inspired by
being able to visualize or see things that haven’t
yet been created. That part of the artist brain is
what we use when we’re initially looking at a
design and trying to assemble all these various
requirements from our customers. As design-
ers we have many customers. We have people
who build and test it, and who want to make
sure it survives in the environment that we are
trying to build for.

The machines that I work on now have high
vibration and things like that, so we need to be
able to survive that. Look at space applications.
I’ve done some aerospace design and micro-
wave circuits, and each have their own special
requirements. Being able to visualize that and
compensate or plan for them takes that ability
to kind of visualize or see, like we were talking
about. Ilike to say people don’t see things until
they see them. By the way, I like what you've
done with the glossing. I've been using Altium
for quite some time and it’s improved. It keeps
getting better as time goes on. And it takes the
excess effort and cleanup after working on a
board and reduces it quite a bit and allows you
to go in and make changes on the fly that you
can’t really plan for. An engineer gives you a
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change in the middle of
a design, like Barry was
saying.

When I design a
piece of art, it has an
evolution. It starts as a
big lump of clay, and I
start changing it until it
becomes the thing I'm
creating. Oftentimes as
I go along, I'll see a way
to make it better, to make it more expressive,
or to make it more exciting. The same thing
happens with board design. I'll put down a
circuit, maybe I've got a group of components
that really want to be a family. They want to
stay together. They don’t want to be very far
apart. I’ll do a lot of that in the beginning when
I’'m designing the board and then I'll take those
groups and find the best way to put them into
the package so that they maximize all the other
criteria that are part of the design. And the two
processes are very similar.

I think we tend to use the tool we like the best
to get the results we want. It may not be the
fastest but I'm not working in a service bureau,
with somebody standing over my shoulder, so
I don’t have that problem.

Now I can spend more time making sure
I meet all the criteria of the design and it’s
not just slapped together, out the door,
and then, “Oh gosh, we got a problem in
environmental, or we’ve got a problem in
assembly, or we’ve got a problem here, prob-
lem there.” You don’t
want to find those
when they get out to the
customers. You want
to have it all thought up
ahead of time, checked,
and ready to rock and
roll. Most of my boards
are right the first time,
and every so often the
second time, but usually
the first time.

Bill Brooks
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Olney: Bill, a good designer prevents problems.
If it works beautifully, it keeps working and it’s
reliable, then you’ve done a good job.

Brooks: Yep.

Pfeil: One of the problems with software
development is that it’s always behind the
technology curve. If you have new technol-
ogy, new circuits, new kinds of components,
and much higher speed circuits, when the
software developed over the previous two
or three years comes out, it is automatically
behind the technology curve. Designers who
use their imagination and their problem-solv-
ing capability will still be essential because the
automation capability will always be behind
the curve.

Brooks: Good point.

Shaughnessy: We’ve found that you can teach
the science part of this. Can you teach the
artistic side too? You know, EEs get this rap
that they’re not artistic enough, and you know
how it goes. Can you teach the artistic side to
someone who’s more science-oriented?

Olney: No. I think people either have it or they
don’t. I've taught a lot of PCB design and these
guys are all very capable. You chose them
because they’re smart people, but most of
them are very logical and they’ll do things
properly, but there’s a difference between peo-
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ple with artistic talent and those who just do
the job as a job. You’ve got to really love the job
to do it well. I was talking to a guy who runs the
service bureau here in Sydney a few months
ago and he said, “I’ve tried to retire, but I just
love the job so much, Ijust keep doingit.” I feel
that way too. I just keep going because I like
doing what I do. If you don’t like doing what
you do, then you don’t do it properly. You can’t
teach that.

Pfeil: T think it’s interesting that advertising
agencies for many different products will have
an image of a PC board or PCB routing in the
background.Idon’tknowifyou’venoticed that.
It’s not really a printed circuit board design, it’s
the artist’s rendition of what a printed circuit
board looks like, and often you’ll see multiple
traces running through an area and then they
all connect at one tab somewhere, or they’ll
connect to each other, or there will be traces
that start and end just in space. The art attrac-
tion is that you see the parallel lines running
through a maze of pads and it just kind of looks
cool. Because of that, they see it as art, and
they use it as a background for their advertis-
ing campaigns.

Brooks: Actually, my introduction to art hap-
pened later. I designed printed circuit boards
a long time before I discovered art. I don’t
know too many people who were artist types
that became printed circuit board designers. I
know technical people with a lot of left-brain
activity. But I think the right-brain part of it
helps with spatial relationships between things
and being able to see patterns. More like puzzle
solving than art.

For example, look at a memory circuit; we
used to place them in a such a way that you
could get a bus going through the whole mem-
ory circuit, and it was very compact. It was
recognizing those patterns, instead of some-
body sitting all day, running a router, and get-
ting a bunch of jobs. After the software was
smart enough to recognize that too, then we
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Painting by Barry Olney.

have that more easily. It’s what you’re able to
see or visualize, or to be inspired on how to
solve a problem. Those same characteristics
help with art.

Brooks: When I was a kid, my dad was teaching
me about printed circuit boards using a 10-watt
audio amplifier. The schematic was inside the
Texas Instruments data manual. It was one of the
example circuits in there. I built it up and made
it work, and that was a great experience. It got
me started. I think I was about 14 years old.

Shaughnessy: What else would you like to share
about this topic?

Brooks: I have a short story. My dad used to
work for Aerospace Incorporated, and when
he was down at UCSD working on the Pioneer
10 space program, he made all his own printed
circuit boards; like an artist, he wanted to sign
them. He would put his initials or his name on
the lower part of the board. Dr. Walker Fillius,
the PhD running the project, was a little con-
cerned because when you’re doing aerospace
and rockets, every ounce that you send up
costs a lot of money.
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Well, one of his boards
ended up getting on the
Pioneer 10. After my dad
passed away, his boss, Walker
Fillius, told me, “Someday long
after we’re all gone, that probe
is going to be very close to the
eye of the constellation Taurus.”
I think the name of that star is
Antares. Walker continued, “So
maybe someday the little green
men up there will be puzzling
over what those initials were
there for.” That was a cute story
about artists on the art side. I
knew a lot of guys who wanted to
put their initials on their boards
because they were very proud of
what they did.

Olney: I used to put a little red spider on mine.
Brooks: Ha, ha. I love it.

Olney: But the CAM guys used to delete it all
the time because they thought it was just a
piece of something that didn’t belong there.

Brooks: Yes. After I did microwave boards, I
realized that that loose copper tacks could
also act like a really good antenna and reflect
unwanted signals around the board at those
higher frequencies.

Shaughnessy: Really good, guys. Thanks for
talking about this.

Pfeil: Thank you. I enjoyed it.

Olney: Thanks, guys. DESIGN007

Charles Pfeil is a retired PCB layout software archi-
tect. Bill Brooks is a senior printed designer at
Nordson ASYMTEK. Barry Olney is the founder of
In-Circuit Design and an I-ConnectO07 columnist.
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