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Design for Profitablity

It's easy to define profit, but it's much more difficult to define exactly what “design for profitability” (DFP)
means to today’s PCB designers and design engineers. How can technologists create profit in every
design when the board’s stakeholders are often spread out across several time zones and continents?
This month, we asked our experts to weigh in on the best DFP strategies and how this can affect the
entire PCB development cycle.
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Design for Profitability
Now Part of the Process

The Shaughnessy Report
by Andy Shaughnessy, I-CONNECT007

Merriam-Webster’s online dictionary defines
the word “profit” this way:

1. A valuable return: Gain.

2. The excess of returns over expenditure in
a transaction or series of transactions,
especially: The excess of the selling price
of goods over their cost.

It’s easy to define profit, but it’s much
more difficult to define exactly what “de-
sign for profitability” (DFP) means to today’s
PCB designers and design engineers. How
can technologists create profit in every de-
sign when the board’s stakeholders are of-
ten spread out across several time zones and
continents? It’s a tough concept to get your
arms around. Some of you work in giant

OEMs; do you have any idea how much your
last design cost—man-hours, components,
laminates, etc.?

When [ started working on this issue, I was
happy to hear that many designers were al-
ready familiar with DFP. When I first men-
tioned DFP to designers years ago, they’d
look at me like I had two heads. After all, de-
signers used to feel as if they were the lowest
person on the totem pole, and many didn’t
realize the power that they wield over the
profit of the PCB and, potentially, the final
product. Fortunately, that has changed, for
the most part.

In a recent Design007 Magazine survey,
about two-thirds of respondents said that cost
is a definite factor in their design process. Ap-
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parently, most CAD managers are well aware
of the designers’ power to massage costs;
some engineering managers believe that up
to 80% of the board’s cost can be determined
during the design cycle. Some designers are
also being tasked with making cost-aware de-
sign decisions each day. Designers—already
forced into thinking like degreed engineers,
often making system-level decisions—must
now think like accountants as well.

This month, we asked our experts to weigh
in on the best DFP strategies and how this
can affect the entire PCB development cycle.
We start with an interview with Al Neves of
Wild River Technology, who explains why DFP
is impossible without good processes, great
management, and designers and engineers
who continue to educate themselves, even
after 30 years of experience. Next, Todd Wester-
hoff of Mentor, a Siemens Business, discuss-
es how seemingly small problems can lead to
increased costs and why accessible simula-
tion tools can help designers make cost-aware
decisions. Chris Banton of EMA Design Au-
tomation outlines why providing designers
with the right data early on can make the
difference between a profitable design and

a train wreck. And Brad Griffin of Cadence
Design Systems looks into how the company
helps designers stay in the black by auto-
mating time-consuming tasks. Plus, we have
columns from our regular contributors Barry
Olney, Stephen Chavez, Alistair Little, and Bob
Tise and Matt Stevenson.

In Flex007, Tara Dunn asks, “Are you un-
intentionally adding cost?” She explores why
cost-aware design for flex and rigid-flex circuits
can be so much more difficult than for their
rigid brethren. Joe Fjelstad focuses on how all
of the “design fors,”—such as DFM, DFA, and
DFE—contribute to profitability. And we have
an interview with Carey Burkett of Flexible
Circuit Technologies, who discusses the com-
pany’s growth from a flex maker into a compa-
ny that provides assembly and box-build ser-
vices. Does your company stress DFP as one
of its major concerns? Let me know. Until next
month, take care. DESIGNOO7

Andy Shaughnessy is managing

editor of Design007 Magazine. He has
been covering PCB design for 19 years.
He can be reached by clicking here.

Robotic Research to Start Testing Fully
Autonomous Unmanned Shuttles

Robotic Research has announced that it will begin test-
ing fully autonomous low-speed shuttles that are totally
unmanned in the second quarter of this year.

“Through our work with the U.S. government over the
past four years, we have already demonstrated that ful-
ly autonomous trucks are a reality. We are committed to
making our shuttle and bus manufacturing partners suc-
cessful by accelerating state-of-the-art technologies for
unmanned vehicles ahead of regulatory agencies’ prog-
ress,” said Alberto Lacaze, president of Robotic Research.

Robotic Research has been developing and testing un-
manned, autonomous operations for a wide range of ve-
hicles for nearly a decade. The company currently pro-
vides autonomy kits that fully automate logistics convoy

trucks for the U.S. government and several of its allied na-
tion partners. Nearly 100 trucks have already been de-
livered. The tests for these vehicles have included oper-
ations with no safety attendants on board, with a single
operator monitoring three unmanned vehicles.

Robotic Research’s AutoDrive autonomy kit is platform
agnostic and can be retrofitted to vehicles of all sizes,
from small, portable robots to large trucks and buses. The
system provides autonomous functionality on surfaces
ranging from urban-improved roads to off-road terrain, all
while the vehicle is collecting and analyzing data to bet-
ter enhance the future of autonomous vehicles and trans-
portation.

(Source: Robotic Research)
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Al Neves

Feature Interview by Andy Shaughnessy
|I-CONNECT007

If your company is having trouble designing
PCBs for profitability, where does the blame
fall? Is it management’s fault for having ineffi-
cient processes, or is it the fault of the design-
ers and design engineers for not keeping up to
date with their training? During DesignCon, I
asked Al Neves of Wild River Technology to
weigh in on this question. As he explains, you
and your manager might both be to blame for
inefficiencies in the design process.

Andy Shaughnessy: Al, we were just talking
about designing for profitability. You men-
tioned that you had a few pithy thoughts on
the subject.

Al Neves: Yes, and I see a trend. The work that
we focus on is high-risk, extremely demand-
ing signal integrity projects. About half of
our business is service, and the other half is
standard products. On the service side, some-
body will come out with silicon and want a
test platform. Many of the test platforms are
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Designing for
Profitability:
It's up to You

(and Your Management)

50-70 gigahertz right now, with very advanced
embedding, complicated breakouts from their
BGA, and high-density routing. The signal in-
tegrity has to be really good. One specifica-
tion—IEEE P370—defines what good signal in-
tegrity is at 50 gigahertz.

A customer will say, “We have something
that we’d like you to help on.” Once we’re
at the technical credibility part of the meet-
ing, they will say, “We need it done by next
month,” and we will say, “We don’t do things
like this by next month. It takes a long time.”
One of the issues with profitability is that if
you want to save money, you need the project
manager or an executive in that group to do
their job. Your job is to manage the team in a
way that you reduce risk.

If you’re going to want to do 112 gigs in 2020,
you should have been working on the test fix-
tures—the compliance, firmware, and all of
that—three years ago. You can’t just pull a
stack-up that’s suitable; you don’t know what
the routing is. You have to throw a team to-
gether ahead of time. Then, you have to do
some test vehicles because each stack-up for
that level is very demanding. I'm talking about
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112-gig test vehicles, and the test boards are
difficult. You have to do things early, manage
the project carefully, and engage in systematic
design.

Shaughnessy: Planning ahead is a big part of it,
especially for cutting-edge designs.

Neves: Absolutely. Let’s say you wanted to climb
Mount Everest. That’s a daunting endeavor. You
may go to the general area of Nepal and hang
out at 7,000 feet. Next, you may want to go to
base camp, which is around 14,000 feet, and
you’ll stay there for weeks or a month. Then,
you set up a series of camps up the mountain
to help mitigate your risk. You’re climbing the
mountain in a very systematic way, which re-
duces your risk, and you can acclimate to the
problem. That’s how advanced signal integrity
is; you have to acclimate to the problem.

That’s my idea of designing for profitability. If
you embark on a project and don’t know what
you’re doing, you delay the silicon in the mar-
ketplace, have a lot of people running around
like crazy, and have to spend a lot. There’s
nothing more costly.

Shaughnessy: Without a good process, you’re
going to have problems.

Neves: Sure. And you know what a champion
is? The person who brings you in and says,
“We should do business with this company
and here’s why.” In any type of business en-
vironment, there’s a champion. The champion
wants me to be the junkyard dog who commu-
nicates to the management on what the chal-
lenges are and how they need to change their
process.

In my company, I manage teams of people.
When things go wrong, it’s easy to beat on peo-
ple and point fingers. It’s a difficult thing to say,
“I have to figure out how to help them and what
process issues contributed to this.” Often, it’s a
process issue that relates back to the leadership
of the company or the person who’s defining
that, and they get caught into this. A lot of the
profitability issues are management and leader-
ship issues.
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Shaughnessy: You worked for some other com-
panies before you started Wild River. Did you
always want to start your own company?

Neves: One of the compelling reasons I start-
ed my own high-tech company was although
I was rated as one of the company’s best en-
gineers, my interpersonal skills and likability
were not rated as high as my technical skills
(laughs). Again, management would say, “This
project isn’t going very well, and they’re not
motivated. You're the lead person. What are
you doing about it?” I'd say, “ I think we need
new management. You are completely incom-
petent and show a lack of leadership. While
we worked all weekend, you were off skiing.
You make twice as much money as we do, and
you’re overly compensated. We don’t see that
you’re really part of the solution, and when
employees needed help for buying certain cap-
ital equipment, you weren’t there. You’re not
doing your job.”

Shaughnessy: It sounds like you wanted to tell
the manager, “Sorry, but we’re going to have to
let you go.”

Neves: For a while, I was trying to figure out
why [ kept getting fired and laid off because
my reviews all said, “He’s one of the best en-
gineers and gets a lot of work done.” One man
pulled me aside and said, “You might want to
think about starting your own company.” I lis-
tened to him.

Shaughnessy: How long ago did you start Wild
River?

Neves: We started the company nine years ago.
Right now, we’re viral in the amount of busi-
ness that we have. We’re one of two companies
that consistently do first-spin 50 gigahertz, and
we typically take another spin to do 70. Very
few companies are constantly doing 70 giga-
hertz designs. Next year, we’re looking at going
to 90 and 100 gigahertz.

Shaughnessy: What’s your technology cutoff for
accepting a job?
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Neves: For some of the lower-speed stuff, if
we’re having a soft month, we’ll do that project.
Today, we’re pretty selective. If we do a proj-
ect for a company, I tell them that I'm one of
the managers, and that includes their people.
If one of their engineers points fingers, usual-
ly, I chew their head off publicly. I tell every-
body ahead of time, “You’re responsible for ev-
erything. There’s no, ‘He didn’t tell me.”” These
are high-risk, difficult projects, and if you’re
not the SEAL Team 6 of SI, then excuse yourself
from this project because you’re just not good
enough.

For example, when we do
projects with companies, we
use our own layout resources;
we won’t use that company’s
resources. If they insist on us-
ing their own layout, then they
can find somebody else to do
the work. It sounds arrogant,
but if you do a bad job where
you don’t get the layout, it kills
the momentum of the project in terms of prof-
itability and scheduling. Imagine doing a big
project in your house; let’s say you're going to
put a pool in. If they run into a big problem
that stops the project, it kills the momentum,
and your costs go way up. There’s a hole in the
ground. Your house is a mess. The contractor
doesn’t like it. You can’t enjoy the pool. It sucks
the momentum out of the project, and your risk
goes through the roof.

Shaughnessy: What advice would you give a de-
signer or engineer about ways that they could
help make the designs were more profitable?

Neves: Let me put it in terms of music. When
friends of John Coltrane went to visit him in
New York, if they walked up to the house and
didn’t hear a sax playing, they knew he wasn’t
home. He was a master musician. “Giant Steps”
is a gorgeous piece of music, but how much
time did he invest in music? He practiced all of
the time. Everything in life is about personal in-
vestments.

I’ve heard engineers say, “I don’t get to go to
DesignCon.” I’ll say, “What do you mean you
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‘don’t get to go?”” They will say, “My manage-
ment didn’t give me permission to do that.” My
response is, “Did you need permission from
your boss to pick your spouse, car, or house?
This is your career, not your manager’s career.”
[ recommend that people tell their managers, “If
you’re not going to fund it, I'm going to take my
vacation days and attend.” For years, I paid for
my own trip to DesignCon when I was a con-
sulting contractor.

First, it’s a good thing to do because it keeps
you in the game. When I lived in the Bay area, I
took many Berkeley classes. It’s
no different from playing mu-
sic. You have to stay current. If
an engineer in my organization
said, “I come in, do my job, and
leave,” they would be gone.
Second, insist on good proj-
ect management. Take political
risks. Bet your job on that. If
you get laid off, so what? That’s
a path.

Shaughnessy: I agree. I've been laid off before.
That’s why I'm here.

Neves: Me too. A year later, I realized it was the
best thing that happened to me. Sometimes, it’s
worth taking risks and jumping on opportuni-
ties. If an EDA company has a boot camp, go. I
went to a day-long boot camp on power deliv-
ery and SI. I run a company. Don’t you think I
have better things to do than sit in a boot camp
all day?

Shaughnessy: We can’t place all of the blame on
management or the individual when things go
off the rails. Everyone has to stay on their game.

Neves: Exactly. You have to keep your skills
sharp, but you have to have good management
if you want to stay profitable.

Shaughnessy: Thank you for speaking with me.
It’s always a pleasure.

Neves: This was a good discussion. It’s been
great talking to you. DESIGNOO7
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The Seven-year Etch

Connect the Dots
by Bob Tise and Matt Stevenson, SUNSTONE CIRCUITS

As many of you probably already
know, PCB etching seems like a sim-
ple task on the surface—the selective
removal of material using an etching
agent. However, quite a few things can
go wrong during this process, such as
over-etching, copper areas that detach
from the board, issues with etching so-
lution, and even accidental removal
of critical components. Considered by
many to be somewhat of an art form,
PCB manufacturers work hard to cre-
ate a better etching process (remember
acid traps?). Adhering to best practice
and continuous improvement is a must
to help avoid issues with your finished
board. In this column, we share our de-
sign tips for a better etching process.

Etching Process Overview

Once all of the layers are laminated
together, the through-holes are drilled,
the copper is plated (both electroless
and electroplated), and the outer layer
images are applied, it is time to physi-
cally create all of the traces and pads
for a circuit board via the etching pro-
cess (Figure 1).

Etching defines the distinctive routes
of a PCB. It is also the process that tests
the quality of a design by answering
the design questions that will determine its
functionality. Did you leave enough space? Are
your traces wide enough?

PCB manufacture etching is a reductive pro-
cess, not an additive process. The board starts
with a consistent layer of copper throughout,
and the etching process removes all unwanted
copper. Now, if you think that sounds waste-
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Figure 1: New copper for plating.

ful, don’t worry; the copper removed during
etching is easily captured and recycled.
Remember that we start the PCB process
with a fully copper-clad panel. After coating it
in a light-sensitive polymer, we project high-in-
tensity UV through an image of the PCB design
that you carefully composed. A photoresist lay-
er covers the areas where we want to remove
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Figure 2: Before etching.

the copper. It is a photo negative of the traces
you want to keep.

Before etching, copper (approximately
1-1.2 mils) is plated on exposed traces, pads,
and through-holes (Figure 2).
We plate about 0.3 mils of
tin on top of that copper,
which will protect the want-
ed copper from the etching
chemical.

The photoresist is then
chemically removed from the
surface of the panel to expose
the unwanted copper, and it
is time for the etch. There
are a few different chemicals
used for etching copper, but
the most common is an am-
moniacal (ammonium chlo-
ride). The chemistry behind
its reaction to copper in the
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etching process is quite complex. We won’t go
into the details here, but if you are interested,
there are several good write-ups online to sat-
isfy your chemistry cravings.

The equipment we use for the etching is
equally complex. The board passes through
carefully controlled spray chambers at a care-
fully controlled speed. The ammonium chlo-
ride dissolves all the copper not protected
by the tin we plated on the PCB design pat-
tern. Getting it right requires precise convey-
or speed, pressure, pH, and specific gravity
(Figure 3).

Even with all this precision, etching is
more of an art form, especially when a de-
sign is dense or impedance-controlled. Though
there are starting point settings for almost ev-
ery combination of copper thickness and line
width, the final tweaks needed to ensure that
each job is etched properly requires an under-
standing of all of these variables and how they
interact during the process.

On a complex PCB design, the initial etch
panel is processed for first article inspection
using a standard process. Critical traces and
impedance measurements are then taken, and
the etcher is fine-tuned to get the line widths
and impedance centered in its range.

Once the panel is etched, we use a chemi-
cal process to remove the tin protecting the de-
sired copper. The result of this process is gen-
erally a fully electrically functional PCB. Other

Figure 3: Etch machine.
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And for many 5G hybrid multilayer circuits,
Rogers CU4000™ and CU4000 LoPro® foils
will provide a suitable finishing touch for

many hybrid multilayer circuit
foil lamination designs.
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steps need to be taken to protect the copper at
assembly and prevent oxidation, but all of the
nets should be defined and operational at this
point. We have etched our way to a functional
electrical part!

Design Tips for a Better Etching Process

As with the copper plating portion of manu-
facturing, some design decisions can have an
impact on the manufacturability of the PCB at
the etch process.

Etching is an exercise in getting fresh etchant
chemistry in contact with the copper and
sweeping away the byproducts as quickly as
possible. Isolating critical traces on your de-
sign without much copper around it can lead
to over-etching (i.e., etching more than the
traces that are surrounded by copper) of these
traces.

Critical traces embedded in copper pour
with limited space can have the opposite prob-
lem. Replenishing the etchant solution be-

comes more challenging. These traces can ex-
hibit mild under-etching.

For every half-ounce of copper, a good de-
sign has 8-10 mils of space between the trace
and the embedded plane. Adding copper thiev-
ing around isolated traces helps to maintain
the intent of the trace and provides a bit more
space, keeping all of the features etched close
to their nominal values. DESIGNOO7

Bob Tise is an engineer at Sunstone Circuits, and Matt
Stevenson is the VP of sales and marketing at Sunstone
Circuits. To read past columns or contact Tise and Ste-
venson, click here.

Bob Tise

Matt Stevenson

Bringing the Green Revolution to Electronics

Researchers are investigating how to make electronic
components from eco-friendly, biodegradable materials
to help address a growing public health and environmen-
tal problem: around 50 million tonnes of electronic waste
are produced every year.

Less than 20% of the e-waste we produce is formally
recycled. Much of the rest ends up in landfills, contaminat-
ing soil and groundwater, or is informally recycled, expos-
ing workers to hazardous substances like mercury, lead
and cadmium. Improper e-waste management also leads
to a significant loss of scarce and valuable raw materials,
like gold, platinum and cobalt. — :

For example, there is wide-
spread interest in develop-
ing organic field effect transis-
tors (FET), which use an electric
field to control the flow of elec-
tric current and could be used in
sensors and flexible flat-panel
displays.

Researchers are especially
keen to find biocomposite mate-
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rials that work well in resistive random access memory
(RRAM] devices. These devices have non-volatile memo-
ry: they can continue to store data even after the pow-
er switch is turned off. Biocomposite materials are used
for the insulating layer sandwiched between two conduc-
tive layers. Researchers have experimented with dispers-
ing different types of nanoparticles and quantum dots
within natural materials, such as silk, gelatin and chito-
san, to improve electron transfer. An RRAM made with ce-
tyltrimethylammonium-treated DNA embedded with silver
nanoparticles has also shown excellent performance.

- “We believe that function-
al devices made with these fas-
cinating materials will become
promising candidates for com-
mercial applications in the near
future with the development of
materials science and advanc-
es in device manufacturing and
optimization technology,” the re-
searchers conclude.

(Source: ACN Newswire)
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Mentor:
Managing
Small Problems
for Profitability

Feature Interview by Andy Shaughnessy
I-CONNECT007

At DesignCon, I met up with Todd Wester-
hoff, product marketing manager for high-
speed design at Mentor, a Siemens Business,
to discuss common design profitability issues
and cost-aware PCB design. He explains how
simple problems can “slip through the cracks”
and cause delays, what you can do, and how
first-order analysis can make simulation acces-
sible to designers who wouldn’t simulate oth-
erwise.

Andy Shaughnessy: Tell us about how the “small
stuff” can get you in trouble. You say that we,
as designers, take care of the big challenges
pretty well, but projects get held up anyway.

Todd Westerhoff: Lifecycle Insights ran a study
about a year ago that I find to be quite tell-
ing. They asked companies questions, such
as, “How much simulation do you use in your
process? Do you hit the mark in terms of your
time, budget, or release date?” The two most
interesting findings had to do with schedule
and budget. They found that only one in four
projects gets delivered on time and on budget
(in other words, according to plan).
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Shaughnessy: Even that may be optimistic.

Westerhoff. You're right. Digging deeper, 30%
of projects were delivered on time, but only
by pulling in additional staff, 28 % were deliv-
ered late, and 17% of projects were canceled
entirely (quite possibly as a result of resources
pulled to bail out other projects). The bottom
line is that design projects had a 25% success
rate, and that’s a problem.

Why does this happen? Consider all the dif-
ferent requirements designers are trying to ac-
commodate: SI, PI, EMC, mechanical clearanc-
es, vibration, reliability, and so on. Designers
live in a world where all of these things have
all become specialties or have expert domains.
Designers have a network of specialists around
them, whose time and input they need to move
their design forward. The problem is that each
specialist looks at a different slice of the de-
sign, but how does all that input get integrat-
ed and turned into a holistic view that guides
design trade-offs? How do those decisions get
made? Does the designer understand enough of
each of the specialist’s inputs to make the right
trade-offs in the design of the board? The an-
swer, based on the success rate, is perhaps not.

Another fascinating thing was when we
asked our customers about the challenges they
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have faced, they said, “It isn’t the hard stuff,
like 112 Gb/s serial links or DDRS interfaces,
that we need help with. Those are big chal-
lenges, but we know to focus on those, and we
solve them. It’s the simple stuff that we’re not
focused on that often nails us.”

Most SI/PI experts have a collection of dif-
ferent tools that they use with a unique flow
they’ve developed themselves. Their flow is a
complex series of steps that usually only they
can run because it’s been designed for their
own use. Experts are solving demanding prob-
lems, by definition, and their focus is on solv-
ing those problems, not creating paths for oth-
ers to follow. Add to that the fact that none of
us seems to have enough SI experts in our or-
ganization, and you end up with a design anal-
ysis bottleneck.

Experts are solving demanding
problems, by definition, and
their focus is on solving those
problems, not creating paths
for others to follow.

We all manage scarce SI resources the same
way. We identify interfaces based on risk and
priority, and only the toughest problems get
expert attention. Thus, there’s an increasingly
small percentage of designs that experts look
at, and everything else gets designed and ver-
ified to manufacturer guidelines or industry
best practices (rules of thumb). How do those
interfaces get verified? You got it: good old-
fashioned manual design reviews.

Shaughnessy: And most design review meet-
ings are slightly more enjoyable than torture.

Westerhoff. That’s right. Let’s face it: Manu-
al design review meetings are long, boring,
and tedious. About 20 years ago, we asked
EMI specialists at Sun Microsystems how they
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signed off boards for EMC, and they said, “We
look at the layout layer by layer.” I was amazed
at the time, wondering how they kept from go-
ing blind. The truth is, 20 years later, this is
still what people are doing for most of their de-
signs, and not just for EMC.

If 10% of the design is getting expert attention,
90% of the design is just getting eyeballed. De-
signers and their peers are reviewing the design
and hoping for the best. Given the complexity
of modern designs and how repetitive the pro-
cess is, it’s not surprising that stuff gets missed.
We have a product called HyperLynx DRC that
encodes domain-oriented design rules (SI, PI,
EMC, analog, safety) and automatically checks
the design to identify possible problems. Note
that I said possible problems, not just prob-
lems, and that’s a key point. You can think of
this as a “design rule scanner.” It quickly iden-
tifies areas for a designer to review, making
a decision about whether the design is okay,
definitely needs to change, or requires detailed
analysis to investigate. The important points
here are that checking is quick and spans do-
mains and that analysis can be performed by
the designers directly.

Shaughnessy: Right. The designer doesn’t want
a tool that requires a Ph.D. to operate.

Westerhoff: Absolutely, but there’s a balance
between simplicity and usefulness. We all
want everything to be simple so that we can
use it with no training and get useful infor-
mation out of it. With DRC, in particular, it’s
definitely a case where the more you tell it,
the more useful the output becomes. When I
use DRC to check a design for decoupling cap
placement, it needs to know what the metrics
are. It needs to know which pins on ICs are
power pins, how to identify decoupling caps,
and what the maximum allowable distance
from an IC to decoupling cap is. That’s not
hard, but I still have to perform a level of set-
up to get useful output, and that’s a mixed
bag. There’s a class of people who will do that
without hesitation and swear by it, and there’s
another class of people that won’t put even
that level of effort in. The latter tend to say, “If



it takes extra work, I don’t have time, and I’'m
not going to do it.”

Shaughnessy: We run into designers who con-
fuse DRC with DFM; they run a DRC and think
of it as DFM.

Westerhoff: That’s understandable, as both
are essentially rules-based automated checks.
DRC tends to focus on design functionality; if
you don’t change that, the design won’t func-
tion. DFM tends to be more about the ability
to manufacture in volume, but there’s certainly
some overlap.

[ think another area of confusion comes af-
ter DRC identifies a potential issue. What then?
DRC doesn’t always find hard errors. Some-
times, it flags things that need further con-
sideration; they might be a problem, or they
might not. Those issues need review by a de-
signer, and we find they tend to fall into one
of three categories: obvious problems, with no
need to analyze in more detail that need to be
fixed; obvious non-problems, with no need to
analyze in more detail that can be marked as
such; and unclear problems where models and
simulations are required to determine what
needs to be done.

The good news here is that the first and sec-
ond outcomes take the issue off the table with-
out placing any burden on those scarce SI re-
sources we talked about, and they improve the
quality of the design as well. The third out-
come is the most interesting; most of the time,
the only option is to pass the problem to ex-
perts for analysis and wait. Of course, if the ex-
perts are too busy, you make your best guess
and hope for the best.

But what happens if you don’t need expert-
level simulation to resolve the issue? We have
been working with our customers to put simu-
lation directly into designers’ hands in a sim-
plified way. We let designers see simulation re-
sults daily while the board is being routed with
the goal of being able to find problems and cor-
rect them while layout is in process. We want to
avoid finding problems only after layout is com-
plete because that’s when changes to the design
are the most difficult and time-consuming.

But how? There aren’t enough experts to go
around. The trick is that we don’t need to do
the same level of accuracy, signoff quality sim-
ulation that an expert would normally do. We
can do something far simpler because we’re
looking for things that are obviously out of
whack (excessive ringing, excessive crosstalk,
bus delays don’t match). We call this first-or-
der analysis. We model interconnect accurate-
ly using 3D EM solvers, but we don’t do the
same level of model setup and post-processing
as signoff analysis because we’re looking for
outliers.

Shaughnessy: Designers typically haven’t want-
ed to simulate in the past. Why would they
want to start now?

Westerhoff: The traditional approach has been
to go get more experts and more sophisticated
tools, but we have reached a breaking point.
The percentage of SI/PI experts in the design
community continues to shrink, and design
complexity continues to increase. Many de-
signers have avoided picking up SI tools be-
cause the learning curve was too steep, and
it’s only getting steeper. We have reached a
point where we think we need an expert to do
anything, but they’re too busy, so now what?
Here’s a weird question: How many homeown-
ers people can patch a wall or replace a light
switch anymore?

Shaughnessy: I can, but I have to. I'm a land-
lord.

Westerhoff: How about an outdoor faucet? Last
winter, I forgot to drain one of my outside fau-
cets. When it got down to 2°F, the water in-
side the head expanded and cracked it. It was
so frozen that it didn’t leak immediately, but
as the weather warmed up, it created a nice,
frozen waterfall on the backside of my house.
Here’s the point: The faucet itself was worth
$10, but it cost me $250 to have a plumber fix
it because I didn’t have the tools or skills to do
that kind of repair myself.

I think SI is in a similar situation. Design-
ers are bottlenecked waiting for expert opin-

MARCH 2020 | DESIGNOO7 MAGAZINE 27



ions and reviews, even when a first-order anal-
ysis would have allowed them to proceed. The
truth is that the experts don’t want to be both-
ered with simple problems any more than de-
signers want to wait for the expert’s opinion,
so why not break the logjam?

We have found that combining DRC and
first-order simulation can be incredibly effec-
tive. We use DRC to scan the design and locate
areas of interest, and then use first-order sim-
ulation to see how that part of the design be-
haves. It turns out not to be about the details
of the I/0O behavior, but about how the inter-
connect behaves because that’s what system
designers are really designing
anyway. The exact details tend
to vary from case to case, but
the consistent focus is on iden-
tifying a suspect area of the de-
sign, using the right level of EM
modeling to capture particular
types of effects, and then uti-
lizing simulation to excite and
observe the area’s behavior as
simply as possible. We have
been able to create entirely au-
tomated processes for customers this way. A
PCB designer checks in a board at the end of
the day and a set of simulation results are wait-
ing the next morning.

Shaughnessy: On a different note, do your cus-
tomers come to you with demands for cost-
aware design capability? We ask people if they
know the total cost of their designs, and they
usually have no idea.

Westerhoff: I think most designers don’t have
good, reliable access to cost information. In
most companies, those details live in some oth-
er department, and by the way, costs change
with time, so the cost to build a board when
[ design it probably isn’t what it costs in pro-
duction. If you’re talking about total cost, in-
cluding engineering costs and other overhead,
[ don’t think designers see that at all. The bits
and pieces of that data are all over the compa-
ny, and by the time it all gets pulled together,
it’s probably only shared at the executive level.
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What does it mean to design products for
extreme volume manufacturing? Chances are
the people who designed my fitness track-
er had a pretty good idea of what production
costs were going to be because they expected
volumes in millions, and a fraction of a penny
mattered. The people who designed my lap-
top probably had a different idea of volumes
and cost sensitivity. In my “big iron” network-
ing days, the first revision of a design was
about functionality, performance, and getting
to market; cost reductions came later because
volumes were lower and the product lifetime
was much longer.

Let’s look at this from the
standpoint of an SI person and
consider the case of a popular
consumer product. Volumes
are high, and design cost is
critical. One rule of thumb for
high-speed design is to provide
a clean return path by routing
signals on a ground plane. How-
ever, adding ground planes—if
it comes to that—costs money,
and your cost target may not
be able to support that. There’s a strong incen-
tive to bend the rules, reference traces to pow-
er, ground shapes on the same layer, or some-
thing else. The trick is that it raises the model-
ing and simulation bar significantly. To make
sure the design will work, you’ll need to mod-
el signal return paths explicitly, something we
call power-aware simulation. That will let you
take cost optimization to a whole new level,
but I don’t see a lot of people going there yet. I
wish we heard more about this because I think
it’s fascinating.

Shaughnessy: 1t seems like this could be a
real brass ring for managers looking to reduce
board costs for high-volume design.

Westerhoff: I agree. We’ll see where this goes.

Shaughnessy: This has been great, Todd. Thanks
for speaking with me.

Westerhoff: Thank you, Andy. DESIGN007
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EMA: Early
Access to
Data Is Key to
Cost-driven
Design

Feature Interview by Andy Shaughnessy
I-CONNECT007

How can designers and design engineers be
sure that they’re cutting any excess cost from
their designs? According to Chris Banton of
EMA Design Automation, providing designers
the data they need early in the design process
is a big part of making cost-effective design de-
cisions. I sat down with Chris at DesignCon to
discuss some of the ways designers can make
their designs and final products more profit-
able.

Andy Shaughnessy: It’s good to see you again,
Chris. Can you give us a quick background
about what EMA does?

Chris Banton: Sure, Andy. Thanks for chatting
with me. We know engineers are being tasked
with more and more responsibilities within the
design cycle and have shorter time-to-market
deadlines. Our mission is to help engineers de-
sign reliable products quickly through software
solutions catered specifically to our client’s de-
sign and to-market goals. EMA is a design au-
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tomation company focused on the electron-
ics and high-tech industries for over 25 years.
We’ve been doing this for over 25 years, primar-
ily on PCB design analysis. For the bulk of that
time, we have been a Cadence channel partner,
where we focused on helping Cadence custom-
ers within their entire design ecosystem.

Shaughnessy: Earlier, we were talking about
designing for cost and profitability. You have a
few thoughts on this topic.

Banton: It’s an interesting topic because engi-
neers don’t necessarily get a chance to do that.
While engineers can have a huge impact on
the cost and profitability of a product, I also
believe we don’t really empower them with the
information they need to be able to do that. We
started doing some work with SiliconExpert, a
leader in the supply chain world; they are fo-
cused on helping supply chain engineers make
sure they’re picking the right parts and have
stock in everything. Through this collabora-
tion, we found that, oftentimes, an engineer
will design something with the data they have,
which is not necessarily the data they need.
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Next, it goes to the supply chain, and they say,
“Cross that off. No, change that,” and/or, “You
can’t buy that because it’s obsolete. This won’t
work,” and then they kick it back. Then, the
engineer has to go back and change it; it’s a
horrible cycle.

With SiliconExpert, we thought, “What if
we brought that data into the design phase?”
If engineers have the data, they can make the
right decisions. It’s all about helping them to
work smarter, not harder. When you know a
part is going to go obsolete in three years, and
you have a five-year product life expectancy,
or there’s low stock so they can’t buy enough,
then you’re going to make decisions based on
this data.

Shaughnessy: Sure. It does seem like a lot of
designers are forced, because of the time-to-
market constraints, to make decisions early
on when they don’t necessarily have all of the
data.

Banton: Agreed. However, sometimes, that’s be-
cause the data is not made accessible to them.
We were interested in working with Silicon-
Expert because they have the data engineers
need—it’s what they do. Give it to the engi-
neers and let them be able to access it when
they make their selections.

Recently, we conducted a little experiment
where we said, “Here are four parts based on
this standard data, as well as the electrical func-
tionality and price. Which one of these would
you pick?” Every engineer picked the cheapest
one. Their thought process was, “We’re going
to save the company some money.” Afterward,
we said, “What if we told you that the cheapest
is out of stock, there won’t be any more for six
months, and it’s going obsolete in three years?”
Their answer then changed, and they picked the
one that was a little bit more expensive. Ulti-
mately, we asked ourselves the question, “How
can we help an engineer have the information
they need to make a cost-driven decision?”

Shaughnessy: Are your customers expecting
you to help them make cost-aware design de-
cisions?
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Banton: Yes. As you mentioned, they have
schedules to meet. They don’t have time to
scour the web to figure this stuff out. They
need the data packaged and delivered to them
in a way where they can continue to design,
but also have that additional information avail-
able.

That is what we focus on. How can we auto-
mate all of this and take away tasks that engi-
neers get stuck in that really aren’t productive?
Software can do that much faster, so the engi-
neer can focus on what they really need to be
thinking about. Does this product work? Is it
going to accomplish our goals?

Shaughnessy: Right, that’s what it’s all about.
This could also help designers and engineers
avoid over-constraining their boards and mak-
ing them reliable but more expensive than nec-
essary.

Banton: Right, and, obviously, we’re very fo-
cused on the software. Customers don’t have
much time, and they’re being asked to do a
tremendous amount. Some engineers will take
a known-to-be good design or circuit and keep
using it. Even though you may be able to shave
some space off, if you do that, you have to
requalify it, and that’s when simulation and
analysis really help there. Capacitors are a
pretty common and basic example of over-en-
gineering. You’ll have a design, and on the last
page is just a pile of capacitors.

Shaughnessy: The shotgun approach.

Banton: Exactly. Sometimes, they just spray
capacitors everywhere; often, they’re pretty
cheap, so it’s not that big of a deal, but if you
think about the volume you might be produc-
ing and the board space you might save, then
those can become meaningful if you can quan-
tify that ahead of time. What if you had some
software that can help you identify the opti-
mal placement for capacitors? We have a prod-
uct that will help you optimize decoupling ca-
pacitor placement based on your design. It can
run thousands of scenarios very fast and come
back to you with the ideal way to place them.
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Shaughnessy: It’s funny. In almost every inter-
view, it all comes back to data, whether we’re
discussing an EDA tool or an SMT line. The
customers are usually happy with the tool,
but they can’t get all of the data they need, or
they can’t get it in the best format for them to
be able to use it effectively. They can’t get the
data right away, or they can’t make sense of it.
We have all of this data, but it’s not always in
a useful format.

Banton: For the most part, if the engineers are
presented with the right data, they can make
an informed, intelligent decision, but if they
only have half the picture, then you’re ask-
ing them to try to figure out and guess an aw-
ful lot. At the end of the day, you want to cut
some costs, but the priority is a working prod-
uct. You're probably going to err toward what
you know is going to work.

Shaughnessy: Make it work first, and then try
to trim some costs off it, which isn’t always the
best way to go.

Banton: And that can lead to its own problems.
It’s that waterfall effect where every decision
piles onto the next decision. It’s hard to say,
“We’ll just swap this part out.” How many de-
cisions have you already made because you
picked that part?

Shaughnessy: Do you have any advice that you
would offer designers and engineers as far as
reducing costs and making the board more
profitable?

Banton: It boils down to advocating for them-
selves. As we keep saying, electronics are per-
vasive; they are the brains of all these great
things that we take for granted more than we
should. How do you get more say in the orga-
nization that what you’re doing has a tremen-
dous amount of value to that company?

If you can show that you can cut costs in the
design process, it tends to raise some eyebrows in
the higher levels of your organization. You have to
wrap your mind around the idea that you can help
save the company money and be more efficient.

Shaughnessy: 1t’s like Rick Hartley says: You
have to be your biggest advocate in the compa-
ny. If the company doesn’t know that you know
what you’re talking about, that’s your own fault.

Banton: Look at simulation tools. With simula-
tion, you could tell your manager, “We took a
layer out of the board, and I was able to verify
that the board is still going to work, and that’s
going to save us this much money.” The bene-
fit then becomes tangible. Whereas, if you say,
“I made sure it’s going to work,” that’s your
job. Or if you look at reliability and sensitivity
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analysis, we usually talk about it in terms of
overstressed parts and making sure those are
okay so that they don’t blow up, but look at
the other side of it. Maybe you can identify
some understressed parts you could then swap
with cheaper ones because you know it’s still
going to operate within the parameters that
you set. That saves money.

Shaughnessy: We ask designers and CAD man-
agers how much each design costs the com-
pany, and a lot of times, they don’t know. I
thought designers would know.

Banton: Some of it boils down to this: How do
you map that out when you’re working on four
projects simultaneously? Some of this involves
the constant change going on from other de-
partments giving input. Then, you go to manu-
facturing, and that’s kind of out of your control.
It’s not a simple thing to model, but the first
step is identifying in the engineering domain
the things that we can improve on and ensuring
that we’re effective from a design perspective.

Shaughnessy: How often is cost one of the big
criteria that your customers are worried about?
[ know it varies from segment to segment.

Banton: It goes to your previous comment about
how they’re not sure what the total cost is. It’s

obCONNECT

hard for them to think, “Let’s get better at this
thing that we don’t really understand.” However,
we’ve seen that with the right information early
in the process, engineers make the most electri-
cally sound, cost-effective decisions; they’re not
trying to spend money just to spend money.

Shaughnessy: Good point. Is there anything
else you’d like to add?

Banton: Designing for profitability is an inter-
esting topic. You need to be able to show your
company, “This is the material impact we’re
having, not only because we’re building this,
but also because we’re doing it in a way that’s
making the company more profitable.” That
can help the engineering organization be more
of a value center inside the company. It’s fun-
ny because a fabricator can tell you how much
it costs to build 10,000 of these boards, but it’s
much harder for a designer to do that.

Shaughnessy: Thanks for your time, Chris. It’s
always a pleasure.

Banton: Thank you, Andy. DESIGNOOT
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Transmission Line
Termination

Beyond Design
by Barry Olney, IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

In a previous column “Beyond Design: In-
terconnect Impedance,” we saw that the im-
pedance of the interconnect is the most crit-
ical factor in high-speed PCB design. Unfor-
tunately, the source impedance of a digital IC
driver is typically lower than the impedance of
the transmission line (10-35 ohms). This is far
from the ideal situation for the perfect transfer
of energy, and, in most cases, results in reflec-
tions and electromagnetic radiation if not ad-
dressed.

Whenever a signal meets an impedance vari-
ation along a transmission line, there will be a
reflection, which can seriously impact signal
integrity. By understanding the causes of these
reflections and eliminating the source of the
mismatch, a design can be engineered with re-
liable performance. In this month’s column, I
will look at how to effectively terminate trans-
mission lines.

In an ideal world, the energy emanating
from an IC output driver would travel through
the PCB transmission line and be totally ab-
sorbed by the load. However, if energy is not
completely absorbed, then the residual will be
reflected back along the interconnect, reach-
ing the original source of energy at the out-
put driver. Reflected energy acts like a standing
wave and adds or subtracts to the original sig-
nal, causing ringing. Resonance can develop at
a signal’s fundamental frequency or harmonics
resulting in multiple bounces and emission of
radiation. This situation only occurs when the
round-trip delay of the interconnect exceeds
the signal rise time.

Even if the multilayer PCB has been de-
signed with controlled impedance in mind, im-
pedance discontinuities can still occur due to
input gate capacitance, branches, stubs, or test
pads; variations in dielectric materials; a neck-
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down in a via field; skew in a differential pair;
or a gap in the return signal path. Generally,
the reflected noise level should be kept below
10% of the voltage swing, but this depends
on the noise budget. In more conservative de-
signs, the noise budget may be as low as 5%.

There are numerous ways to terminate trans-
mission lines, but the most common methods
fall into three categories:

1. Series termination
2. End termination
3. Differential pair termination

1. Series Termination

Series termination (aka source termination)
is excellent for point-to-point routes—one load
per net. It works well for traces that are elec-
trically short and is used to fan out multiple
loads radially from a common source (star
routed) without affecting other circuits in the
network (Figure 1).

Impedance back-matching slows down the
rise and fall times and reduces the ringing
(over/undershoot) of clock drivers. A pulse
is launched from the source, but due to the
voltage divider network formed by the source

Reflection o
]

Pulse launched

Zsource = 26 0
Half voltage
pulse launched
Driver
f) 1.8V
SouleS Start of trace
Zo=500
Transmission line
Voltage divider
Driver Load

Half voltage pulse reflected —+——
Half vollage pulse Iaunched' —L

|

Figure 1 Series termination (back-matching).

impedance, series terminator, and the trans-
mission line, only half the amplitude appears
at the transmission line. As this half voltage
pulse reaches the load, it is instantaneously
reflected back along the trace. This reflected

@ IBIS Model [C:\Users\ICD\Application Data\ICC| | Browse | (O Generic Model [C:\Users\ICD\Application Data\ICC| | Browae
Components Signals Driver Models (Receivers are disabled)
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Figure 2: Matching the Spartan 6 driver to the transmission line (iCD Termination Planner).
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pulse adds to the initial pulse to form a full
voltage wave, so we get the signal we want at
the load.

The reflected pulse travels back to the source.
When it reaches the series terminator, it sees
the series resistor (24 Q) plus the source im-
pedance (26 Q) totaling 50 Q. Since the trans-
mission line is also 50 Q, there is no disconti-
nuity of impedance; therefore, there will be no
reflection. The signal will be totally absorbed
by the terminating resistor and the source im-
pedance, preventing further ringing.

A receiver located at the very end of the trace
will see an almost perfect signal edge. But a re-
ceiver in the middle or near the resistor will
first see a 50% signal and then a 100% signal.
Because of this, series termination is only used
when there is only one receiver/load, and that
receiver must be located at the very end of the
transmission line.

To determine the value of the series termi-
nator, the source impedance must be extracted
from the IBIS model of the driver IC. Subtract-
ing the source impedance from the trace char-
acteristic impedance gives the required series
terminator value (Figure 2).

In the previous example, using a 12 mA LVC-
MOS 1.8V driver of a Spartan 6 FPGA, an 18.7-
ohm series resistor is required to match the
driver to the 51.67-ohm trace on the outer lay-
er. This is automatically derived from the IV
curves of the Spartan 6 IBIS model by the iCD
Termination Planner.
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Figure 3 illustrates the ringing (red) in an
unmatched transmission line. This ringing,
which is also represented by over/undershoot
(right), is dramatically reduced by terminating
the transmission line with an 18.7-ohm series
resistor (blue).

2. End Termination

Multi-drop bus topologies require paral-
lel or end termination, which prevents re-
flections from being formed at the transmis-
sion line ends. With DDR3/4 memory de-
vices, for instance, the fly-by address, con-
trol and command (ACC) signals should be
routed as close as possible to the memory de-
vice pins and the parallel termination placed
at the end of the line (Figure 4). The resistor
values are twice that of the transmission line
as they are in parallel from an AC perspec-
tive. Short stubs can be used to connect the
passing signal to each memory device in se-
quence, but the longer the stubs, the higher
the capacitance. This stub capacitance, along
with the parasitic input capacitance of the re-
ceiver pin, creates an imperfection in the ter-
mination network.

Figure 4 illustrates a typical DDR3 fly-by to-
pology with the termination at the very end of
the final load. Also, the passing address signal
trace goes directly to the receiver pins with no
stub. This is the ideal scenario. In this case,
there are no reflections from the termination,
which can be seen from the waveforms.
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Figure 3a and 3b: Ringing is reduced dramatically by adding a series terminator (simulated in HyperLynx).

MARCH 2020 | DESIGNOO7 MAGAZINE 39



OSCILLOSCOPE
Desgn fls LOAD THUN TEFM 100U 1S Dosguer. Bary
Fyporlyna v 4.3

= LD ot i)
VRN (o el

" =

Vee
0.75v

R1

80.0 ohms

U1.AC14 e

TL7
[ 5000 10000 1MB0 20000 260D 00 X000 4000 4%09
fine o4 40.6 ohms
mm""”ﬂ:‘,:""»“ 31.179ps
Sneww Latost Warakomn = TU3. Shore Previosa Wrvekerm = YES 0.200in
L1 Stackup
@ Net001
406 ghms 40.6 ohms TLS

‘: 40.6 ohms
467.692 ps U2.N3

iMX6Q 3.000in ,

DRAMTAG Stackup K

Net00 Net001

MT41J128M16JT
AD
Net001

Figure 4: DDR3 fly-by topology with termination after the final load

(simulated in HyperLynx).

3. Differential Pair Termination

When a differential signal reaches the open
end of a differential pair, it will see a high im-
pedance, and it will be reflected. A common
method of reducing these reflections is to place
a resistive load at the end of the pair, which
matches the differential impedance of the
transmission line.

However, the single resistor differential ter-
mination (Figure 5a) only terminates the dif-
ferential mode signal—not the common-mode
signal. Any transient common-mode signal
moving down the differential pair will see a
high impedance at the end of the pair and re-
flect back to the source. The noise created can
be seen at the top and bottom of the eye di-
agram. The common-mode signal, having the
same voltage between the two signals, will not
see the termination. Depending on the imped-
ance of the driver, the common-mode signals
created will bounce back and forth down the
transmission lines. And because the termina-
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tion resistor never perfectly matches the driver
impedance, there is always a fixed offset. Any
asymmetry in the differential pair will convert
the differential signal into a common-mode
signal.

Whereas the differential center tapped ter-
mination (Figure 5b) terminates both differen-
tial and common-mode signals, note the nice
clear eye. It is best used when you have a low
impedance driver on a long transmission line.
This strategy introduces less DC offset. The
DC blocking capacitor is for level adjustment
of DC balanced circuits, such as clocks, 8B10B
coding, etc.

When Do We Need a Termination?

If the transmission line is short, reflections
still occur but will be overwhelmed by the ris-
ing or falling edge of the signal and may not
pose a problem. But even if the trace is short,
termination may still be required if the load
is capacitive or highly inductive to prevent
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Figure 5(a): Single resistor differential termination.
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Figure 5(b): Differential center tapped termination.

ringing. Generally, when the trace
length exceeds one-sixth of the
electrical length of the rising edge
rate, then termination is required.
Regardless, it is always a good pol-
icy to keep critical signals and re-
turn paths as short as possible.

Key Points

¢ The source impedance of a
digital IC driver is typically
lower than the impedance
of the transmission line. This
results in reflections and
electromagnetic radiation
if not addressed

e Whenever a signal meets an
impedance variation, along a
transmission line, there will be
a reflection which can seriously
impact signal integrity

¢ Impedance discontinuities can
also occur due to input gate
capacitance, branches, stubs,
or test pads; variations in
dielectric materials; a neck-
down in a via field; skew in a
differential pair; or a gap in
the return signal path

¢ Series termination is excellent
for point-to-point routes, one
load per net. It works well for
traces that are electrically short
and is used to fanout multiple
loads radially from a common
source

¢ Impedance back-matching slows
down the rise and fall times and
reduces the ringing (over/under-
shoot) of clock drivers

e Series termination is only used
when there is only one receiv-
er/load, and that receiver must
be located at the very end
of the transmission line

¢ Subtracting the source imped-
ance from the trace characteris-
tic impedance gives the required
series terminator value
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¢ Multi-drop bus topologies require parallel
or end termination, which prevents reflec-
tions from being formed at the transmis-
sion line ends

¢ The end termination resistor values are
twice that of the transmission line as they
are in parallel from an AC perspective

e A common method of reducing reflec-
tions from differential pairs is to place a
resistive load at the end of the pair, which
matches the differential impedance of the
transmission line

¢ The single resistor differential termination
only terminates the differential mode
signal—not the common-mode signal

¢ Depending on the impedance of the
driver, any common-mode signal created
will bounce back and forth down the
transmission lines

e The differential center tapped termination
terminates both differential and common-
mode signals. It is best used when you
have a low impedance driver on a long
transmission line

e [f the transmission line is short, reflections
still occur but will be overwhelmed by
the rising or falling edge of the signal and
may not pose a problem DESIGN0OO7
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Sweat Sensor Detects Stress Levels:
May Find Use in Space Exploration

If someone asked you how stressed you are right now,
what would you say? Alittle, a lot, or you don’t know?

Those are all valid responses, but they are not espe-
cially useful to researchers and medical professionals be-
cause they are subjective and not easily quantified. None-
theless, in lieu of a better method of measuring stress,
the common method for years has consisted of a stress
questionnaire. The main alternative to the questionnaire,
a blood test, can provide quantitative data but requires a
trained professional to draw the blood, and the stress of
the procedure itself—being poked with a large needle—
can skew the results of a lot of people.

But something better might be right around the corner.
Wei Gao, assistant professor of medical engineering at
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Caltech, has produced a wireless sweat sensor that can
detect levels of cortisol, a natural compound that is com-
monly thought of as the body’s stress hormone. In a new
paper appearing in the journal Matter, Gao and his fellow
researchers demonstrate how they designed and made
the mass-producible device, how it works, how it is effec-
tive at detecting cortisol levels in near real-time.

The development of an inexpensive and accurate
device for measuring cortisol could allow for more wide-
spread and easier monitoring of stress but also of other
conditions including anxiety, post-traumatic stress
disorder, and depression—all of which are correlated
with changes in cortisol levels.

(Source: Caltech)
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The Foundation of the
PCEA Is Being Laid

The Digital Layout
by Stephen V. Chavez, MIT, CID+, PCEA

In this month’s column, I highlight the Or-
ange County Chapter’s recent meeting and
their transition from IPC to PCEA affiliation,
recent PCEA activities, and the evolution of
this column, including introducing Kelly Dack,
CID+, PCEA’s new communication officer.

Chapter Spotlight
by Scott McCurdy

PRESIDENT OF THE
ORANGE COUNTY CHAPTER

The Orange County v 'y \
Chapter is doing very PERLY I‘@%
well in Southern California and has been active
for 18+ years now. We are proudly the largest
active chapter in existence based on the atten-
dance at our quarterly meetings. We average
50-65 attendees at our meetings, and occasion-

ally have 80+ people
in attendance. In our
most recent meeting,
held January 21 in Ir-
vine, California, we
had an outstanding
crowd with 80 peo-
ple in attendance to
hear the educational
presentation by Ger-
ry Partida, field ap-
plication  engineer
with Summit Interconnect.

The main topic for this meeting was “Micro-
vias: Have You Designed for Reliability? How
to Detect Weak Microvias and Avoid Cost-
ly Assembly Defects and Customer Field Fail-
ures.” As component pin densities get tighter
with each passing year, designers have been
pushed to use HDI with more microvias and

Gerry Partida
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Mike Creeden

blind/buried via structures. As a result, tighter
via densities and signal integrity requirements
in printed boards have revealed reliability con-
cerns with microvia structures in high-perfor-
mance products. Avoiding post-fabrication mi-
crovia failures is critical to the success of your
products, and there are details that designers
need to know.

Gerry’s presentation reviewed concerns and
reliability testing relating to microvias. He pro-
vided an overview of the HDI processes and
presented the use of current test methods and
the superiority of testing with the IPC-D-cou-
pon and IPC-TM-650 test methods 2.6.7.2 and
2.6.27. Gerry also discussed the warning state-
ment in the forthcoming IPC-6012E: Qualifica-
tion and Performance Specification for Rigid
Printed Boards.

If you're interested in learning from an in-
dustry subject-matter expert like Gerry Parti-
da, attend and become a member of a local
PCEA chapter in your area.

We also had Mike Creeden, Insulectro’s tech-
nical director of design education, provide an
overview of the new PCEA that included its in-
ception details, the PCEA purpose/mission, and
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the advantages of membership. Mike’s presen-
tation was received extremely well with lots of
interest and engagement by all in attendance.

At the end of the meeting, we opened the
floor for discussion, as we always do. The
main discussion this time was on the PCEA
topic and the Orange County Chapter’s future.
When considering whether to affiliate with IPC
or the new PCEA in an earlier chapter leader-
ship meeting leading up to the chapter meet-
ing, our chapter officers unanimously voted to
become a PCEA chapter. In the chapter meet-
ing, chapter leadership (and Mike Creeden) let
members know our new direction going for-
ward and the decision to leave the umbrella
of IPC. The chapter’s leadership decision and
the new direction for the chapter were wide-
ly accepted with great enthusiasm and eager-
ness to move forward as part of the collective
of PCEA.

I hope to see you at our next “lunch ‘n
learn” event under our new chapter name:
Printed Circuit Engineering Association—Or-
ange County Chapter (PCEA-OCC).

PCEA Activities

There has been and continues to be a lot
of activity going on as PCEA’s foundation is
being laid. Several legacy IPC chapters have
already made the decision to affiliate with
PCEA, like the Orange County Chapter’s ac-
tions. In early February, we held an executive
board meeting. The overall structure of PCEA
is forming nicely with executive board mem-
ber elections wrapping up. The newly elected
Executive Board members will be introduced
in April’s column.

Also, PCEA’s website is up and running, but
is still in its early stages of creation. It is our
hope to have our official website released later
in March. I encourage everyone to check out
the website and sign up to receive more details
of PCEA as we unfold in the industry.

In the coming months, we will expand the
number of chapters while realizing a steady
growth of our membership. If you're inter-
ested in joining or starting a chapter in your
area, please feel free to participate and join the
many professionals who are the backbone of


https://pce-a.org/

our industry. Again, visit our website and con-
tact us for more information.

The Evolution of ‘The Digital Layout’

I have been writing this column for over a
year now. It has been a huge success so far
because it has been a team effort in getting all
this put together month to month, not just my
efforts alone. My main objective for this col-
umn was, and still is, to help promote contin-
ued globalization of knowledge sharing and
education for any and all involved in the de-
sign, fabrication, assembly, and test of print-
ed circuit boards. Getting people to communi-
cate more and not just within but outside of
their box is important. That is why I decided
to be a contributor—for the betterment of our
industry.

With that said, my evolution as a column
writer will be evolving as I take on a leadership
role within PCEA as chairman. In doing so, I
will be passing on the oversight of this col-
umn to a renowned colleague and dear friend
of mine, Kelly Dack, CID+. I will still share my
thoughts through a “message from the chair-
man” section within the column, but Kelly will
serve as the PCEA’s communication officer and
assume oversight of this column. I wish Kelly
well and encourage everyone to contribute to
the ongoing success of this column. We very
much appreciate your readership.

Professional Development and Events

Here are some up-and-coming industry
events to look out for in 2020. I hope you have
the opportunity to attend one or more.

¢ April 7-8: Cadence Live 2020
(Silicone Valley, California)

e April 27-30: Zuken Innovation World
Americas 2020 (Coronado, California)

® May 12-14: IPC High-Reliability
Conference (Baltimore, Maryland)

¢ June 9-10: PCB2Day—SMT Assembly
Boot Camp (Austin, Texas)

¢ June 11-12: PCB2Day—Design Essentials
for PCB Engineers (Austin, Texas)

e June 14-20: IPC SummerCom 2020
(Raleigh, North Carolina)

Kelly Dack

e June 22-25: Realize LIVE 2020
(Las Vegas, Nevada)

e October 7-9: AltiumLive 2020
(San Diego, California)

¢ September 8-11: PCB West
(Santa Clara, California)

¢ November 11: PCB Carolina
(Raleigh, North Carolina)

As always, if you have any local or region-
al industry event coming up in your area and
would like to announce it, please feel free to
submit the details to be listed in an upcom-
ing column. For 2020 CID and CID+ certifica-
tion schedules and locations, contact EPTAC to
check current dates and availability (dates and
locations are subject to change). DESIGNOO7

Stephen Chavez, MIT, CID+, is a
Master Instructor of PCB Design for
EPTAC, an SME in PCB design for @
major aerospace corporation, and a
: member of the Printed Circuit Engi-

neering Association (PCEA). To read
past columns or contact Chavez, click here.
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Cadence
Helping Users
to Save Time,

Money With

Automation

Feature Interview by Andy Shaughnessy
I-CONNECT007

During DesignCon, I spoke with Brad Griffin,
the group director for product management for
the system analysis group at Cadence. We dis-
cussed some of the areas where PCB design-
ers can cut costs and how EDA companies can
help these designers by automating certain
time-consuming tasks. As Brad says, “The ‘A’
in EDA is for automation, right?”

Andy Shaughnessy: Good to see you again,
Brad. We were talking a few minutes ago about
ways that designers can design for profitability
by adding profit and cutting waste during the
design cycle. Tell us your thoughts on design-
ing for profitability.

Brad Griffin: When you think about what Ca-
dence can bring to the table for designing for
profitability, it’s about being efficient. We are
one of the few companies that you can come to
and get design tools and analysis tools. Histori-
cally, the idea is that you have designed some-
thing, throw it over the wall to somebody else,
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Brad Griffin

who analyzes it and says you made a bunch
of mistakes; then, they throw it back. There’s
this iteration back and forth. Maybe you build
a prototype and find out it doesn’t work. All
of that makes the design cycle get very long,
and that’s certainly not the way to profitabil-
ity. The more you can make that efficient, the
more profitable that you’'re going to be able to
make your product and product line, and, ul-
timately, the more you’re going to be able to
build new products because you’re going to
get products out the door.

Our thinking is that we can guide a user to-
ward in-design analysis; while they’re design-
ing a product, they’re thinking about SI and
PI. They’re bringing up engines that are the
same engines that their expert is going to use
to sign off on later, but they’re presented in a
way where they don’t have to be an expert.
You can do a quick review of your power plane
and make sure that you haven’t created too
many places where you’'re going to lose volt-
age and not going to be able to deliver power
to certain components of the board. If you can
quickly review that without having to bring a
PI expert in, it’s going to make you a better de-
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signer, and it’s going to shrink that design cy-
cle. Anything we can do to help the designer
produce a better board before it goes to an SI
or a PI expert will reduce that design cycle and
improve the overall profitability of the design.

Shaughnessy: We keep hearing that 80% of the
cost of manufacturing the board is determined
in the design cycle.

Griffin: I agree. In 2012, we acquired Sigrity, a
company known for SI and PI. It has been our
mission ever since we acquired them to embed
those engines into our
PCB design tools, both
Allegro and OrCAD.
Now, inside of Allegro,
we have some in-design
analysis capabilities that
look for impedance dis-
continuities, nearby sig-
nals that are coupled
more than others, and
it looks at return path
quality. All these are us-
ing Sigrity engines un-
derneath, but the de-
signer doesn’t know it.
They say, “Perform an
impedance check,” and it scans the board and
gives them a list of where the outliers are.

We recently announced a new product called
Sigrity Aurora, which bridges the gap between
the design tool and the ultimate SI and PI anal-
ysis that you need for signoff. The difference
between Sigrity Aurora and Allegro is that we
provide additional workflows that assume the
user has some SI and/or PI experience. The
user is going to ensure that drivers and receiv-
ers have IBIS models assigned and that for
PI, our PowerTree utility is applied to assign
all the voltage sources and sinks so the user
can run AC and DC analysis. The same Sigri-
ty engines embedded into Allegro for imped-
ance and coupling screening are now available
for traditional SI and PI analysis in Aurora on
top of the Allegro user experience. You're add-
ing another layer of sophistication onto that
level of analysis. In addition, we have made it
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a seamless transition to the advanced SI or the
advanced PI analysis using the same engines
and models. It’s a nice, continuous flow.

Shaughnessy: Is it always running in the back-
ground, or is it on-demand?

Griffin: So far, our strategy is to make it on-de-
mand. With all the things that they have to do
with area fill checks and changing shapes, we
don’t want to steal any of that CPU power that
they need. We have an on-demand check to
use when they’re ready and think, “Let me go
do an impedance check
before 1 get laughed at
by the SI expert. Oh, I
see a bunch of things I
can fix.” It’s meant to be
a useful tool to reduce it-
erations but not take any
power away from the
layout tool.

Shaughnessy. How do
you get designers to use
the new functionality?
Some of them are so old-
fashioned; they would
rather take longer to
hand-route a design than use an autorouter. It’s
like they’re proud of doing things the old way.

Griffin: My perception is that when I do speak
to PCB designers, they fit into one of two cat-
egories. One, they’ve been running Allegro
for 25 years, and they’re not going to change.
They know every feature in it. You give them a
new feature, and they say, “No, I'm good with
what I have.” But there’s a new, younger class
coming in because a lot of those designers are
retiring. But the younger ones are used to apps
on their cellphones, and they want things to
be much more push-button. Honestly, they’re
probably looking at what we’ve done with in-
design analysis, where they want it to run in
the background. We’re in that transition stage
right now, where we’re serving both the hard
and true diehards out there and the new peo-
ple coming on board.



Shaughnessy: Recently, we’ve asked
designers if they have any idea how
much each design costs and what the
total cost of a design is. Some of the
managers say, “We know how many
hours we spent on it.” You all know
who your users are; do they track the
average cost of a design?

Griffin: That’s a big thing that’s happen-
ing in PCB design right now. Again, it’s
not necessarily my area of expertise,
meaning the product lifecycle man-
agement tools, where they’re checking
the work in process, and managers have a dash-
board so that they can see how much time peo-
ple are spending and what parts they’re choos-
ing. Are they choosing the most cost-effective
parts? There’s a lot of tie-backs into corporate
databases. Look at materials. A lot of engineers
at DesignCon will have to make tough decisions.
If they’re going to go to 56G or 112G, what ma-
terials do they need to use? Some of the costs
of advanced materials are significantly more ex-
pensive. Do you need those materials, or can
you get by with something cheaper?

That’s another area where design for profit-
ability comes into play: when you want to use
the lowest-cost materials, but you still want to
be on the leading edge because you can’t be at
a competitive disadvantage where your com-
petitors are going twice as fast as you. Your SI
expert has the expertise to look at materials
and look at signal quality with a less expen-
sive choice. They can make all those trade-offs
and say, “I’ve found some ways that we could
reduce the cost of this board by five bucks.”
They’re going to produce a million of them, so
that makes a big difference.

Shaughnessy: Are your customers asking you
specifically for more cost-aware design func-
tions, or do they want more data up-front in
the design process, which can wind up helping
them save time and thus cut costs?

Griffin: Yes. Here’s another example. We have
this technology called PowerTree; it’s a tech-
nology that we brought to market originally af-

I-Connect007 editor Andy Shaughnessy (right] talks with
Brad Griffin of Cadence.

ter working with Cisco. The people who cre-
ated the schematic didn’t know how many de-
coupling capacitors they were going to need.
Thus, they would spray a bunch of decoupling
capacitors down on the design and wouldn’t
necessarily make it easy to figure out which
component the decoupling capacitors were
associated with. Another big issue was that
sometimes you’re starting with one voltage,
but then you have to break that voltage down
to meet all the requirements of all the different
components.

Now, if you do that in any design tool and go
through a filter component, what ends up hap-
pening is those nets on the output of the filter
may be named all by the tool, not by the de-
signer. But those nets are important nets that
you have to analyze if you're a PI engineer.
The people at Cisco spent so much time at the
end of the design identifying all of the nets
they need to analyze before running PI analy-
sis. We said, “Okay, let’s fix this problem be-
cause we have the schematic, the layout, and
the analysis tools.” We put this feature called
PowerTree upfront. Now, at the schematic lev-
el, they can trace out the source to every com-
ponent that consumes power and see how the
voltage is getting broken down.

PowerTree provides a graphical visualiza-
tion of each power path, plus it captures the
names of all those internally named nets. We
have all that setup information. With the Pow-
erTree, anyone at any point in the design cycle
can just apply the PowerTree, and everything is
set up for PI analysis. You can run an analysis
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from the schematic. While that has limited val-
ue because you have no metal, you can make
sure that all of the setup is there. Later in the
design, instead of spending days trying to set
up for analysis, the process is in place to just
apply the PowerTree and run the analysis. It
saves a lot of time and energy.

Shaughnessy: A few days here and there, and
pretty soon you’re talking about serious time
and money saved.

Griffin: Exactly. It’s so competitive. You give up
any possibility of being efficient if you say, “This
is the old way that we’ve always done it.” We

owe it to our customers to make sure that we’re
providing them the different levels of innovation
that can become more and more automated. In
EDA, the “A” is for automation, right? We need
to provide the automation to make that pro-
cess easier. We're bringing all of this together,
starting from the silicon and going through the
whole system. Again, we owe it to our custom-
ers to make their process more efficient, which
saves them time and money.

Shaughnessy: Very good. Thanks for speaking
with me, Brad.

Griffin: I enjoyed it. Thanks. DESIGNOO?

MIT President Reif Testifies Before Congress
on U.S. Competitiveness

No U.S. strategy to respond to competition from China
will succeed unless it includes increased investment in
research, a concerted effort to attract more students to
key research fields, and a more creative approach to turn-
ing ideas into commercial products, MIT President L. Ra-
fael Reif said in congressional testimony on February 26.

Reif spoke at a hearing of the House Ways and Means
Committee on U.S.-China trade and competition. “Whatev-
er else the U.S. does to counter the challenges posed by
China, we mustincrease our investment in research in key
technology areas, and we must enhance our capacity to
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get the most out of that investment,” he told the panel.
“U.S. strategy is unlikely to succeed if it is merely defen-
sive; to stay ahead, the U.S. needs to do more to capitalize
on our own strengths.”

Reif’s Capitol Hill appearance came immediately after
he delivered an opening talk at a National Academy of
Sciences (NAS) event, commemorating the 75th anniver-
sary of “Science: The Endless Frontier,” a 1945 report to
U.S. President Harry S. Truman that is seen as the found-
ing document of the post-World War Il research system
in the U.S. The report was written by the late Vannevar
Bush, who had a long career at MIT, includ-
ing service as the Institute’s VP and dean
of engineering.

At both the NAS and on Capitol Hill, Reif
called for a “visible, focused, and sus-
tained” federal program that would in-
crease funding for research and target the
increase at key technologies, such as Al,
guantum computing, and advanced com-
munications. “The U.S. lacks an effective,
coordinated way to target research toward
specific areas, and funding has fallen far
behind what’s needed to stay ahead of our
competitors,” Reif told Congress.

(Source: MIT News)
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= PCBOOT Highlights

I-Connect007 Publishes Third Annual
Show & Tell Magazine All About
IPC APEX EXP0 2020 »

This special publication is a supplement to our
other monthly magazines and brings you ex-
clusive, in-depth coverage of the recent event.
These pages are packed with tons of great con-
tent, including event photos, video interviews,
attendees’ thoughts, reviews from our guest
contributors and I-Connect007 editors, inter-
views with award winners and other indus-
try experts, and coverage of another successful
[PC STEM Student Outreach Program.

Punching Out! Down to 199 »

According to the database at Tom Kastner’s
firm, the number of PCB companies in North
America is now down to 199. This is a psycho-
logically significant number for the industry.
Tom unpacks this number, provides insights
on trends, and shares his firm’s predictions for
the future.

Not All Plating Lines Are Created Equal »
Barry Matties and Happy Holden met with CEO
Michael Ludy and CMO Sarah Grofdmann from
Ludy, a company specializing in galvanic plat-
ing equipment for PCBs. This interview gives
an overview of Ludy and its latest advance-
ments in PCB plating equipment.

It's Only Common Sense: Embrace Change,
Embrace Success »

Oh, that dreaded word “change.” Great for-
tunes have been made in times of great
change by those who were flexible enough
to adapt. Dan Beaulieu shares six ways that
you can inspire change in your own organiza-
tion from a book by Mac Anderson and Tom
Feltenstein.
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IPC Honors TTM Technologies Inc. and
Continental Automotive With Corporate

Recognition Awards »

IPC bestowed its highest corporate honors on
two IPC member companies: TTM Technolo-
gies Inc. and Continental Automotive. During
a luncheon at IPC APEX EXPO 2020, the Peter
Sarmanian Corporate Recognition Award was
presented to TTM Technologies Inc., and the
Stan Plzak Corporate Recognition Award was
presented to Continental Automotive.

Sunstone Circuits Now Offering ITAR on

Limited Review PCBs »

Sunstone Circuits, the leading PCB prototype
to production solutions provider, announced
that ITAR controlled PCB jobs can now be or-
dered through its “limited review” products
(PCBExpress and ValueProto).

Elmatica CEO Approved Member of the
Swedish Cyber Defense and Export

Control Groups »

Elmatica announces that CEO, Didrik Bech, is
an approved member of the Swedish Cyber De-
fense and Export Control Groups.

DuPont and SCHMID Announce Partnership

for New PCB Plating Applications »

DuPont Electronics & Imaging and SCHMID
Group have announced that they have entered
into a nonexclusive joint development agree-
ment to explore new PCB plating applications
to bring advanced innovations to their global
customers. The partnership will benefit high-
end PCB manufacturers by delivering next-
generation interconnect products and metalli-
zation processes that can create faster, smarter,
and more reliable devices for the 5G era.
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Resins: Five Tips for
Potting and Performance

Sensible Design
by Alistair Little, ELECTROLUBE

In recent columns, I have outlined vari-
ous resin properties and how they relate to
particular types of circuit protection, seen
how to apply these resins in a production en-
vironment by deciding on which mixing and
application techniques are appropriate to
specific production needs, and explored var-
ious resin subtleties, such as how best to
achieve a satisfactory cure. Nevertheless,
readers continue to ask, “Does thicker cover-
age achieve better performance? What is the

Ml
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best advice for manual potting? We chose an
inappropriate resin, so how will this affect our
application?” In this column, I will explore
these and other issues based upon frequently
asked questions from Electrolube’s customers.

In no particular order, here are five ques-
tions that raise a number of technical issues al-
lied to resin applications, together with my re-
sponses. Hopefully, it will provide useful back-
ground information to help you with your own
resin-related activities.
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1. What are some examples of a critical
application, and how do these differ
from non-critical?

Normally, the phrase “critical application”
is used when referring to safety-critical sys-
tems. These are applications that will not
only seriously impact on the user and their
organization but also potentially result in se-
rious environmental damage, injury, or loss
of life if they malfunction. Examples of criti-
cal applications include aircraft; automotive
and railway operating and control systems;
emergency lighting; burglar and fire alarm
systems; medical equipment required by doc-
tors, nurses, and surgeons; as well as pow-
er grid systems and first responder communi-
cation systems. Non-critical applications are
normally where if a failure occurs, lives are
not immediately at risk. If we look at poten-
tial malfunctions within automotive applica-
tions, the brakes would be considered criti-
cal, and climate control would be considered
non-critical.

2. | have heard mention of some resins
containing glass beads (or similar).
Why would these be required and offer
some potential applications?

Glass beads are added to resins for a num-
ber of different reasons. They can be used as
a filler to produce a low density, chemical re-
sistant resin, which is good for weight criti-
cal applications. They also control the mini-
mum resin thickness that can be applied. Aes-
thetically, glass and/or plastic beads can be
used to provide a matt surface to resins or, in
the case of optically clear resins, a diffused
effect when light is passed through. An ex-
ample is the UR5635 two-part, flexible poly-
urethane potting compound, which has been
formulated to provide a light-diffusing effect
for LEDs. It offers a unique light diffusion ef-
fect thanks to its cloudy appearance and has
been used to great success as an LED potting
compound for both decorative and protective
applications.
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3. What are some key pointers to
remember when manually potting?

Think about the amount of resin that you are
going to need and across how many units. If
there are a large number of units, and a large
amount of resin required, it is often better to
use a number of small-sized resin packs, as you
will have better control over the potting pro-
cess. If a large resin pack is used, then due to
the volume of material, once mixed, the resin
will start to cure over a shorter time-scale com-
pared to a small volume pack. Consider where
to place the resin so that it can flow around and
under the components. With thixotropic resins,
it is more critical, as the resin is purposely de-
signed to have a low flow when applied.

4. Does thicker coverage equal
better performance?

The simple answer to this is yes. In general,
they do perform better; however, there will be
a point at which increasing the resin thickness
will not offer any significant gain in perfor-
mance. This heavily depends on the specifics
of the application and the resin used. Gener-
ally, a thicker resin layer is better if high lev-
els of chemical resistance are required, par-
ticularly in the case of long-term immersion
or for high voltage systems to increase long-
term performance. Considering the variation
in height of components on a PCB, the thin-
nest coating thickness needs to be taken as
being representative across the entire unit
rather than the average. In the case of physi-
cal shock, a thicker layer of resin can help to
protect the components and dissipate forces
better than a thin layer. The major downside
with increasing the resin thickness is the in-
crease in weight and volume occupied by the
encapsulated board.

9. What are the potential issues to
be faced by selecting an inappropriate
resin for a particular application?

Okay, there’s no dancing around the issue
here; the simple answer is a premature fail-
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ure. Choosing the correct resin is not as easy
as it may seem, as there are so many variables
to consider, such as typical operating condi-
tions, expected extremes, the size and geome-
try of the units, the need for repair, the expect-
ed service life, etc. If the resin is too brittle,
it can crack during operation and expose the
electronics to potentially harmful chemicals. If
the unit is expected to undergo cyclic thermal
shock during its service life, then a flexible res-
in would be advised, but it depends on the
maximum and minimum temperature expect-
ed. There is a lot of difference between -60 to
+60°C and +40 to +160°C; both are a 120°C
temperature difference, but for one, a polyure-
thane resin would be recommended, while for
the other, epoxy would be better.

Conclusion
If ever in doubt, refer to the technical data
sheets (TDS); these can be a great help when

IPC Design: The Newly Launched Program

you embark on a new design or production
schedule with new components and resins.
However, if you do anticipate any glitches with
matching resin types to your production proce-
dures and find it hard to resolve this from the
TDS, please contact your supplier’s technical
support team for further advice. Next time, I
will take an in-depth look at some of the most
frequently asked questions fielded by our Tech-
nical Support Team and explore options to fully
address these enquiries. DESIGNOO7

Alistair Little is the global
business technical director of
| the resins division for Electrolube.
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_ Electrolube, click here. Download
your free copy of Electrolube’s book,
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micro webinar series, "Coatings Uncoated".

Judy Warner gets the update on IPC Design, the newly launched program, from Teresa Rowe and Patrick
Crawford. They also discuss the impact on designers, the scope and cost of the program, how it will work,
and where you can get more information. Click image to view video.
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Burt Rutan’s Keynote: SpaceShipOne »

In this video clip from his presentation, Burt
Rutan discusses some of his aircraft’s revolu-
tionary flights that drew the most public at-
tention, including SpaceShipOne, which flew
three of the five manned space flights launched
by man in 2004. He also explains the benefits
of working with Microsoft’s Paul Allen, who
agreed to fund SpaceShipOne based on a sim-
ple handshake.

Defense Speak Interpreted: The Missile
Defense Agency »

The Missile Defense Agency (MDA) has its
roots in the Strategic Defense Initiative (SDI),
known as “Star Wars” in the 1980s, as pro-
posed by President Ronald Reagan. In this col-
umn, Denny Fritz provides an overview of how
the MDA operates and describes types of mis-
siles and phases.

What It Takes to Be a Milaero
Supplier, Part 1»

The decision to pursue military and aerospace
(milaero) certification impacts every facet of
the organization, and not every shop is pre-
pared to make this transformation. This is the
first article in a four-part series, breaking down
what it takes in sales and customer service, en-
gineering and CAM, purchasing and quality,
and manufacturing. Anaya Vardya starts by ex-
ploring sales and customer service.

DOD Releases Fiscal Year 2021

Budget Proposal »

On February 10, 2020, President Donald J.
Trump sent Congress a proposed fiscal year
2021 budget request of $740.5 billion for na-
tional security, $705.4 billion of which is for
the Department of Defense (DoD).
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Bell Textron Teams up With Sumitomo
Corporation and Japan Airlines to
Explore Air Mobility »

Bell Textron Inc., a Textron Inc. company, an-
nounced a signed memorandum of under-
standing with Sumitomo Corporation and Ja-
pan Airlines Co. Ltd. to explore mobility-as-a-
service (MaaS) and foster the required infra-
structure and regulatory environment.

Parrot Chosen by the Swiss ARMY for the

Supply of Micro-drones »
Parrot, Europe’s leading drone Group, has been
chosen to equip the Swiss Armed Forces with
micro-drones as part of the Swiss Mini UAV
Program (Swiss MUAS) call for tender against
major civilian UAV players.

BAE Systems Wins Two Awards to Support
the U.S. Navy with Enhanced Radio
Communications and C5ISR Capabilities »
The U.S. Navy’s Naval Air Warfare Center Air-
craft Division has awarded BAE Systems Inc.
a prime position on a $212 million contract
to integrate and sustain its critical commu-
nication systems. The company will design,
acquire, integrate, and test radio systems for
newly constructed guided-missile destroyers
(DDG) and other U.S. Navy and U.S. Coast
Guard ships.

DARPA Selects Aerojet Rocketdyne to
Develop Propulsion Technology for the

Hypersonic Defense Program Glide Breaker »

Aerojet Rocketdyne has been awarded a con-
tract worth up to $19.6 million by the Defense
Advanced Research Projects Agency (DARPA)
to develop enabling technologies for an ad-
vanced hypersonic defense interceptor known
as Glide Breaker.
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Carey Burkett

Flex007 Interview by Dan Beaulieu

During IPC APEX EXPO 2020 in San Diego,
Carey Burkett, VP of Flexible Circuit Tech-
nologies, sat down for an interview with Dan
Beaulieu. The two discussed the company’s
expansive growth, the current flex and rig-
id-flex landscape, and FCT’s drive to provide
complete solutions from rigid and flex circuits
through box build.

DanBeaulieu: Good morning. Today, I'm pleased
to talk to my friend Carey Burkett from Flexible
Circuit Technologies in Minneapolis, Minneso-
ta. Carey, thanks for being with me today.

Carey Burkett: Thanks for having me, Dan.

Beaulieu: This is a very interesting company
that I’ve gotten to know in the last few months

64 DESIGNOO7 MAGAZINE 1 MARCH 2020

Flexible
Circuit
Technologies:

and one of the fast-growing success stories in
North America. You're a global company; I
want to learn a little more about that. Carey,
what can you tell me about your company?

Burkett; First of all, Flexible Circuit Technolo-
gies is a supplier of flexible circuits, rigid-flex,
flexible heaters, and membrane switches, and
then we also do specialized EMS assembly ser-
vices all the way to complete box builds. We
do it all.

Beaulieu: Is it true that your company started
out doing just flexible circuits?

Burkett: Yes. In fact, that’s very important in
today’s marketplace. Flex and rigid-flex are
growing extremely rapidly. Engineers are being
forced into those technologies due to a wide
array of topics, whether it’s miniaturization,
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mobility, or connectivity. There are all kinds of
reasons. Engineers across all markets are being
driven to flexible solutions. One of the things
that’s interesting is that it’s growing so rapid-
ly that there are many new entrants into that
market. Unfortunately, there’s a lack of true
design talent in the industry.

Beaulieu: Correct. That’s a fact.

Burkett: One of the things that is unique
about us is the application engineering sup-
port that we provide to our customers. We’re
led by Mark Finstad. Mark co-chairs the IPC
Flex Circuit 2223 Design Committee. He’s well
known and the lead educator, along with an-
other gentleman, at IPC events. Mark is also a
noted columnist and one of the foremost ex-
perts on the globe, and yet it’s not just Mark.
Our entire team of application engineers of-
fers from 25 to 35 years of experience in de-
signing flex and rigid-flex. It’s so important in
helping customers get to cost-effective designs
that are going to perform within the challeng-
ing applications that these circuits are typi-
cally used in.

Beaulieu: To talk to the audience a little bit,

I’'ve been doing this for a long time, and I can
remember when there were only a handful of
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companies in the United States that
did flex, particularly rigid-flex, when
you get into bookbinders and stuff.
And there’s been a rejuvenation in the
last few years in the United States to
the point where there are better flex
products. I talked to designers 10 years
ago who didn’t even want to design
it in, even in applications where flex
should be, like in automobiles. They
didn’t even want to put it in because
it was too hard to buy, or it was too
hard to find. You have changed that,
but what I find intriguing is that you
do it all.

Burkett: When you look at the custom-
ers or OEMs today, one of the chal-
lenges has to do with the overall sup-
ply chain. You’re trying to manage this mas-
sive supply chain. Often, they were set up at
one time—maybe they were transactional rela-
tionships; today, we’re seeing most customers
want more. They want partnerships and sup-
pliers that can take on more. And when you
look at the advent of the growth of CMs and
EMS companies, they do a great job in sup-
porting customers.

We have responded. We started with flex,
rigid-flex, and shipping. Bare boards led us to
assembly, so we’re shipping assemblies. Now,
we’ve moved on all the way to complete box
builds. Probably the unique thing about us is
that when you look at a CM, they’re almost
like the general contractor. They’re getting
components and parts from everybody to put
this product together.

But with us, we’re starting with the heart of
the product. Typically, that’s going to be the
circuit board or the flex circuit. We’re using de-
sign experts to get a cost-effective solution so
we can get high yields. We can perform the
EMS, and we’re specialized in that area. Often,
EMS companies are used to placing compo-
nents on rigid boards. To do that on flex takes
different techniques, special fixturing, and a
lot of special knowhow to be proficient at it.
We’re experts at assembling flex, and that’s
very important.



Beaulieu: You're providing what I would call
a synergistic smooth solution with all three
genres of design, fabrication, and assembly,
all the way to box build, which is critical. I've
worked with both assembly companies and
board shops for a long time. That way, the de-
signers think of the fabrication, and the fab-
ricators think of the assembly, so it works to-
gether as one smooth process. Companies are
looking for that. In the old days, they were
OEMs and had us there. They did it them-
selves. Now, they look for us for development,
like your company.

Burkett: Exactly, and we always say we’re cus-
tomer-driven. That’s very important. It started
with flex and building our expertise there. We
have done that for many years. Then, we got
into the assembly side of this. But once you’re
building assemblies now to get to a box build,
it’s like, “What’s the housing? What does this
need to go into?” Packaging and all of our
production are Asia-based, but we have the
medical ISO 13485 certification and automo-
tive certification. Also, our box builds are FDA
registered.

When you’re doing those types of box builds,
you’re talking about having robust quality sys-
tems in place and the traceability that’s re-
quired. The other thing is we do work with a
lot of CMs and EMS customers. The fact that
we have expertise in this arena helps us better
serve them because we know the issues and
challenges that they deal with in dealing with
flex and doing assembly with flex.

Beaulieu: They need your intelligence. Also, al-
though you’re a global company, the “brain
trust” is in Minneapolis.

Burkett: Minneapolis is our headquarters, and
out of there, we support our U.S.-based and
European customers with high-end application
engineering support, helping with the design.
We have our program managers, and custom-
er support resources are there. We’re the ones
helping manage the process and working with
our company, doing the communications, and
leading the prototyping efforts. Once we go
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into production, there are different ways. We
have a production blanket team that will man-
age that process with a customer. We also have
inventory, stocking programs, and warehous-
ing to help make sure that we can take care of
the customers, including just-in-time manufac-
turing.

Beaulieu: You offer a global solution with the
ease of working with a domestic source.

Burkett: Exactly.

Beaulieu: How is the show going for you so far?
Burkett: The show has been good. It’s a great
venue. Everybody in the industry is at the

show.

Beaulieu: One last thing as we wrap up. How
do people get a hold of you?

Burkett: They can go to our website at flexib-
lecircuit.com or call us directly.

Beaulieu: Carey, thanks for being with me to-
day. I appreciate it.

Burkett: Thank you, Dan. FLEX007

Click here to watch the full video.
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American Standard Now Offers
Bookbinder Rigid-flex PCBs

American Standard Circuits is now offering
high-technology bookbinder rigid-flex PCBs.
Bookbinder rigid-flex technology is a special
rigid-flex design where the outer flex layers are
increased in length, compared with the inner
layers, by enough to keep them from interfer-
ing with each other and buckling.

Catching up With Flexible Circuit

Technologies

Dan Beaulieu catches up with Troy Koopman,
president and co-founder of Flexible Circuit
Technologies (FCT), and Carey Burkett, the
company’s VP of business development. FCT
is a full-service flex and rigid-flex supplier.

Flex Talk: Additive PCB Technology for

Next-generation Electronics

Semi-additive PCB processes help to enable
very fine features, with trace and space down
to 25 microns and below, significantly reduc-
ing space and weight for next-generation elec-
tronics. Tara Dunn speaks with Todd Brassard
and Meredith LaBeau from Calumet Electron-
ics about how the company is the first domes-
tic PCB manufacturer to license Averatek’s A-
SAP™ process and will be presenting informa-
tion on the industrialization of this process at
this year’s IPC APEX EXPO.

Flexible Printed Circuit Boards Market—
2026: Industry Growth, Opportunities,
Applications, Trends, and Revenue
Strategies

FPCBs are widely used across applications,
such as LCD displays, mobile screens, connec-
tivity antennas, and flexible circuitry used in
rechargeable batteries. The growth in the de-
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Flex007 Highlights

mand for consumer electronic goods, the in-
crease in the popularity of Internet of Things
(IoT), and the adoption of FPCBs in automo-
tive applications drive market growth.

SEMI-FlexTech Launches Six New Projects
to Accelerate Flexible Hybrid Electronics

Innovation

SEMI-FlexTech announced the launch of six
projects to accelerate sensor and sensor sys-
tem innovations for new applications in indus-
tries including healthcare, automotive, indus-
trial, and defense. In collaboration with the
U.S. Army Research Laboratory (ARL), Flex-
Tech, a SEMI Strategic Association Partner, will
provide more than $2.3 million in funding for
the projects aimed at maturing the flexible-hy-
brid electronics (FHE) technology ecosystem.

HON-Flex Selects MKS Flex PCB Laser

Processing Solution

MKS Instruments has announced that HON-
Flex Xiamen Hongxin Electron-tech Co. Ltd.
(also known as HON-Flex) has selected the ESI
RedStone system for its high-volume flex PCB
processing. The ESI RedStone system provides
HON-Flex with the capability to deliver high-
volume processing of through vias, with the
added versatility to address their requirement
for blind via processing.

NextFlex Honored With FLEXI Award for
Its FlexPro Professional Development

Education Program

NextFlex, America’s Flexible Hybrid Electron-
ics (FHE) Manufacturing Institute, was award-
ed the FLEXI Technology Leadership in Edu-
cation Award for its FlexPro program yester-
day at the SEMI Flex Conference in San Jose,
California.
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Profitability: A Vital
Design Requirement

Flexible Thinking
by Joe Fjelstad, VERDANT ELECTRONICS

Designers have, from the earliest days of the
printed circuit industry, been under-appreciat-
ed. PCB designs were typically simple, single
metal layer affairs, and design activities were
considered a mundane (and even boring) task
of “connecting the dots;” thus, they were given
little respect.

Much has changed over the years, as integrat-
ed circuit technology has advanced, and data
rates and processor speeds have climbed. Over
recent years, I have found myself often saying
that designers are arguably the most important
people in the development of electronic prod-
ucts. The decisions they make will impact
virtually every manufacturing step in the
fabrication and assembly of electron-
ics products. The designer’s role is
so vital that, over the years, mul-
tiple touchstone guidelines have
been added to the mix that seek to
address myriad concerns that are all
part of meeting the goal of producing
the best possible products.

“Design for” Guidelines

The first order of concern for any
design is that it simply meets the
functional goals of the prod-
uct. This can be accom-
plished in many ways,
but beyond clearing
the bar of “Does the
product work?” there
are many other litmus
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tests that are being more frequently applied to the
evaluation of a completed design. These include
design for manufacturing (DFM), design for
assembly (DFA), design for testing (DFT),
design for the environment (DFE), design for
reliability (DFR),
design for excel-
lence (DFX), and
there are doubt-
less other “design
for” guidelines for
other aspects that
are deemed impor-
tant to an individual
types of products. All
these guidelines provide
important considerations
relative to the product design
in review. When applied, all
of these “design for” guide-
lines combine to create prod-
ucts that can be made both
reliably and profitably.

Designing for Profitability (DFP)
Good product design is arguably the corner-
stone of every profitable product. Make a prod-
uct that results in a loss or less than optimal re-
turn, and you are either headed for bankruptcy
or irrelevance. It is possible to make unprofit-
able products as one climbs the learning curve
or to gain or control market share (many gov-
ernments subsidize products for this purpose).
However, you must nevertheless offer the user
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something new and of perceived value even if
the value is short-lived.

In this regard, it is important that designers
work collaboratively with those who will be
tasked with manufacturing their designs. Too
often, designers work in isolation and do not
have a full appreciation of the impact of the
choices they make. The products they design
are fabulously innovative, but if they cannot
be built, and built profitably, what value is
there in their effort?

Engage Others in the
Design Process Early

How do we overcome this? Make sure all
stakeholders involved in the manufacturing
and testing of the product have input. Such in-
put need not be tapped for every new design
if the design is very similar to a past product
design, but it does not hurt to have a check-
list similar to that used by pilots before every
flight. It may seem unnecessary, but an experi-
enced pilot only needs to miss one item on the
checklist to cause a potential disaster. “Design
for” guidelines can help one to create such a
checklist to ensure profitability.

Finally, there is a need to make sure that the
guidelines are followed. Societies have laws
and rules for numerous reasons, but perhaps
the most important is that they provide for the
continuity of the societies themselves. (If not
for traffic lights and stop signs, we would like-
ly need to have either hospitals or cemeteries
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at every intersection.) Guidelines are different
than laws, but the impact of not having them
could be similarly troublesome. However, rath-
er than a stringent set of dos and don’ts, al-
low some discretion, depending on the prod-
uct and its application. Advances in technol-
ogy and innovation could be stifled if the de-
signer is not allowed to explore the limits from
time to time.

Summary

Designers are definitely “at the controls” at
the beginning of every new product launch.
Their decisions will impact everything that fol-
lows their efforts, including the ultimate prof-
itability of the final product. The use of estab-
lished “design for” guidelines will serve them
well in their work to ensure a smooth transi-
tion from concept to product and the future
well-being of their company, client, or cus-
tomer. As I have found myself saying with ev-
er-greater frequency in recent years, we must
all first do the right things, and then do those
things right. It all begins with design. FLEX007

Joe Fjelstad is founder and CEO of

Verdant Electronics and an interna-

tional authority and innovator in the

N field of electronic interconnection
© and packaging technologies with

J more than 185 patents issued
or pending. To read past columns or contact Fjelstad,
click here.
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Are You Unintentionally
Adding Cost?

Flex Talk
by Tara Dunn, OMNI PCB

Nobody designs a PCB, rigid or flex, without
regard to cost. There is a continuing series of
choices and trade-offs, some with greater cost
impact than others. That topic alone could eas-
ily fill an entire issue of this magazine. For this
specific column, let’s focus on flex and rigid-
flex and discuss a few things that can easily be
overlooked when putting together the puzzle
pieces of a design and that may have an unin-
tended impact on the overall cost.

Size

The cost of a flex or rigid-flex board is a de-
rivative of the overall panel cost. Fabricators
use varying panel sizes, with the most common
panel sizes being 12” x 18” and 18 x 24”. Piece
price is the panel price divided by the number of
parts manufactured on that panel. Manufactur-
ing processes require a 1”7 border on the outside
of the panel, leaving 10” x 16” and 16” x 24”
of usable space. This is fairly straightforward in
rigid designs. Most are squares or rectangles.

Flex designs, on the other hand, often have
unusual shapes, and how those shapes are
“nested” on the production panel can have a
big impact on cost. Most often, if you are re-
questing a flex as a single piece, your fabrica-
tor will place the parts on the panel in the most
cost-effective manner. Arrays can be much
trickier and present an opportunity for unin-
tentionally increasing the cost. For example, a
flex shaped like a “T” or and “L” are prime can-
didates to “reverse nest” on the panel and flip
parts around to better utilize the space. With
an array, it may not be ideal to “reverse nest”
for assembly reasons, and a fabricator is less
likely to employ this strategy. It is highly rec-
ommended that you engage with your fabrica-
tor early in the process to discuss how to best
utilize the production panel and drive out un-
necessary costs.

Another example is the overall length. Many
flexible circuits are designed with a service
loop. Depending on size, even 0.250” can make
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a significant impact and result in a reduction
in the number of parts per production panel.
A flex design that is 4.1” in length can be sig-
nificantly more expensive than a flex that is
3.8” in length. That is a generalization and de-
pends on other factors of the overall size, but
the takeaway is to always keep your fabrica-
tor’s panel sizes in mind and, if given the op-
portunity, best utilize the production panel to
reduce cost.

Materials

When looking at trade-offs and decisions,
materials can fit squarely in that category.
Sometimes, there is no choice; a certain dielec-
tric type, dielectric thickness, or copper thick-
ness is required. These requirements may lead
to minimum lot costs for your fabricator, driv-
ing up overall cost and often also driving lead-
time. But, if there is flexibility in material se-
lection, it is recommended to work with your
fabricator for the stack-up. Giving the fabrica-
tor the ability to use commonly stocked mate-
rials will keep materials cost as economical as
possible.

Flex With Stiffener vs. Rigid-flex

The terminology for these two products is
often confused. Using FR-4 stiffeners to sup-
port a heavy component or dense area of com-
ponents on a flexible circuit is highly recom-
mended. This provides mechanical support for
the component but does not require an electri-
cal connection between the flex and FR-4 lay-
ers. Meanwhile, rigid-flex also provides sup-
port for dense component areas, but most of-
ten also has routing layers in those FR-4 layers
and requires an electrical connection between
all layers.

Rigid-flex construction requires a much more
complex fabrication process and will be more
expensive. This is often necessary, especially if
there are dense component areas on both sides
of the circuit, and can resolve complex routing
and packaging challenges. However, it is worth
reviewing to be sure that flex with a stiffen-
er approach will not suffice before beginning a
rigid-flex construction.
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Technology Roadmap

Understanding your fabricator’s technology
roadmap is extremely important when looking
for ways to be as cost-effective as possible with
flex design. Typical technology roadmaps have
categories for standard, advanced, and emerg-
ing technology. It stands to reason that if stan-
dard technology costs less than advanced, and
advanced costs less than emerging, common
sense would dictate designing to your best abil-
ity within the standard category. It also stands
to reason that as a design attribute moves along
the continuum, there will be associated yield
impacts and increased costs.

What may not be so intuitive is that when
a design pushes multiple areas of technology,
the yield loss, and associated cost impact can
be exponential. The phrase “everything but the
kitchen sink” is not a good thing with flex de-
sign, at least in terms of pricing. It is fine to
push the limits of trace width and space, the
hole size, or the drill-to-copper distance, but
pushing all of these in one design will certainly
increase the cost. It is recommended to work
closely with your fabricator to help navigate
the trade-offs and yield impacts to be certain
that the impacts of pushing the limits in the de-
sign are fully understood, especially with flex-
ible materials.

Conclusion

This list is by no means intended to be an
all-inclusive discussion of items to be aware
of when trying to navigate the cost impacts of
the many design challenges and trade-offs, but
I hope this will be a place to start. As is often
recommended, the common theme with flex
and rigid-flex is to work with your fabricator
early in the design; take advantage of their ex-
pertise because they are always willing to sup-
port their customers and share their knowl-
edge. FLEX007

Tara Dunn is the president of Omni PCB,
a manufacturer’s rep firm specializing in
the PCB industry. To read past columns
or contact Dunn, click here.
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Editor picks from PCBDesign007.com

Avoiding EMI Problems
With Lee Ritchey »

The I-Connect007 team met 5
with design expert Lee Ritchey \.‘;"
to pick his brain on EMI prob- =
lems and what can be done to
minimize them. Lee explains the
issues are almost always tied to
power delivery, as well as the abundant amount
of misinformation surrounding this topic.

/.

Lee Ritchey

Eric Bogatin Looks at EMI Root
Causes and Solutions »

The I-Connect007 team recently spoke with de-
sign instructor and author Eric Bogatin about
the EMI challenges facing PCB designers to-
day. Eric is a “signal integrity evangelist” with
Teledyne LeCroy, as well as an adjunct profes-
sor at the University of Colorado Boulder and
the technical editor of the Signal Integrity Jour-
nal. In this interview, Eric explains why EMI
is so prevalent and what designers and design
engineers can do to avoid EMI from the start.
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Fresh PCB Concepts: Controlled
Impedance—Design to Testing »

Ruben Contreras often gets
questions from customers on
one of his favorite subjects in
PCB design: controlled imped-
ance. Ruben explains how con-
trolled impedance is a science,
which is why he likes it; therefore, it must be
designed and tested comprehensively.

Ruben Contreras

Connect the Dots: Design Tips
For Layout »

As a PCB manufacturer, Sun-
stone Circuits receives hun-
dreds of PCB layouts repre-
sented in Gerber format every
week. As you might expect,
they’re not all created equal.
Some of the layouts check every box and roll
straight into manufacturing, while others need
work before they can be sent to the production
floor. Bob Tise and Matt Stevenson share some
best practices.
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Insulectro: Educating Designers
About High-Speed Materials »

In this video interview from
IPC APEX EXPO 2020, Ken
Parent, Insulectro’s VP of sales
and product manager, speaks .
with Kelly Dack about the W

Ken Parent
company’s efforts to educate
engineers and designers about materials and
their options and availability. Insulectro has
held a series of PCB design classes and plans
to keep educating designers about these high-
speed materials.

Altium Accelerates loT and Al
Hardware Development through
Geppetto and Seeed Collaboration »

Altium  announces that

Seeed, the IoT hardware en-

abler, has embedded the Ge- b
ppetto electronic design ap-
plication into its Seeed plat- )" $
form. Seeed users can now

go straight from creating a design to manufac-
turing a working PCB in just one session.

Elementary, Mr. Watson: Eating the
Elephants of Your PCB Design »

After being in the PCB indus-
try for 20 years, John Watson,
CID, has had the opportunity
to work with some of the best
PCB designers and engineers
in the field. He shares some of
the traits PCB designers need, and how you
can implement them into your design process
to become a great designer.

John Watson

IPC Designers Council Has a
New Name: IPC Design »

Yes, you read that right. The
IPC Designers Council is now
known as IPC Design. Many
of you have heard secondhand
stories about what this change
will entail, so Andy Shaugh-
nessy asked IPC to shed some light on this sub-
ject. He recently spoke with IPC’s Teresa Rowe
and Patrick Crawford about what’s changing,
what’s not, and IPC’s plans to provide im-
proved infrastructure for PCB design content
and curriculum.

-

Teresa Rowe

Joe Clark Says DownStream Is
Ready for More Growth in 2020 »

Joe Clark, co-founder of Down-
Stream Technologies, gives
Kelly Dack an overview of the
company and their innovative
product line, which serves to
smooth the bumps that can oc-
cur between source design output and manu-
facturing line input. As Joe explains, 2019 was
a great year for the company, and he expects
that trend to hold through 2020.

Joe Clark

Global Technology: The Importance
of Laminate CTE in PCB Design »

All material expands and
contracts with temperature
change, which is called the co-
efficient of thermal expansion
(CTE). Eran Navick explains
where and how the laminate
expands effects the operation of the printed
circuit in different ways.

Eran Navick

PCBDesign007.com for the latest circuit design news and information.
Flex007.com focuses on the rapidly growing flexible and rigid-flex circuit market.
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Opportunities

Looking for the purrrrfect applicant?
Find industry-experienced candidates at I-Connect007.

For just $750, your 200-word, full-column ad  Potential candidates can click on your ad
will appear in the “career opportunities” and submit a resume directly to the email
section of all three of our monthly magazines, address you provide. If you wish to
reaching circuit board designers, fabricators, continue beyond the first month, the price

assemblers, OEMs, and suppliers. is the same per month.

In addition, your ad will be featured in at least  No contract required. We even include your
one of our newsletters, and your posting will  logo in the ad, which is great branding!
appear on our jobConnect007.com board,

which is also promoted in every newsletter. Don't delay, contact us right meow!

To get your ad into the next issue, contact:
Barb Hockaday at barb@iconnect007.com or +1.916.608.0660 s cun

IConnect07 mtE 7

GOOD FOR THE INDUSTRY
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Career Opportunities

NGAB
GROUP

Field Application Engineer/
PCB Designer in Cresskill, NJ

If you know how to design, manufacture, and
sell PCBs, and you enjoy engaging with customers,
then we want to hear from you. We are looking for a
PCB designer/field application engineer to join our
teamin New Jersey. This is a cool job, as you won't
be just a PCB designer; you will also work with your
local team, the customer, and our factory partners
throughout the globe. It is critical that you have
the knowledge and experience in PCB design and
can also interact well with customers.

Requirements:

« Self-starter able to work with minimal direct
supervision

 We would like to see you bring 2-3 years’
experience in a similar position

* An AA degree in electrical engineering,
preferably in PCB design

* Good communication skills, both oral and written

» Working knowledge of PADS, Altium, Cadence,
Genesis, CAM 350, impedance modeling, SPICE,
and thermal modeling tools

e Understanding of PCB CAD layout software
and current layout techniques, including
micro-BGA, HDI design, and LED/thermal design

What Will We Provide?

We are experiencing excellent growth, so come
grow with us. We offer a generous salary with sig-
nificant upside bonus potential, including a full
suite of benefits.

apply now

Employment Opportunities

National Technology, Inc., a manufacturer of high-
quality printed circuit boards, is currently looking
for candidates for the following positions in our
Rolling Meadows lllinais Facility:

Quality Control Manager

» Manage QMS in accordance with the
IS0 9001:2015 system.

» Manage inspection departments, including final
inspection, pre-mask inspection, A0l inspection
and all associated quality inspections.

e Maintain continuous improvement initiatives.

« Generate and maintain monthly quality reporting.

 Manage internal and external corrective and
preventive action.

« Responsible for maintaining the IS0 status,
including audits, training, procedures, etc.

« Maintenance and scheduling of calibrations.

« Be a liaison to our facility in India regarding
customer related issues.

« Customer contact with RMA and corrective action.

Process/Quality Engineer

« Develop and document new processes and
technologies.

* Review existing processes for improvement
opportunities.

e Assist inidentifying and addressing
manufacturing issues.

« IS0 internal auditing and process related audits.

« Set-up and monitor process controls through
manufacturing.

* Maintain regulator compliances.

Candidates for these positions should have a solid
background in printed circuit board fabrication. An
in-depth knowledge of applicable IPC standards as
well as IS0 9001 standard will be required.

apply now
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Opportunities

IConnect

GOOD FOR THE INDUSTR

News Editor - Full Time Position

[-Connect007 seeks a positive, independent self-
starter to manage news gathering process and work
closely with editorial team. Qualified candidates will
demonstrate strong organizational and communica-
tion skills and be able to work full-time remotely.

New hire will start with a portion of this work and
ramp up with demonstrated mastery of the processes.

Aptitudes

* Organized

* Time aware

* Team oriented

e Planning skills

* Meeting deadlines

* Good record keeping

* Problem solving skills

e Attention to details

« Strong follow-through skills
e Grammar and editing skills
« Knowledge of basic photo editing
e Knowledge of HTML a plus

Attitude

* Ability to work remotely, often with only
“virtual” supervision.

* Discipline to keep regular hours, communicate
with team and deliver on deadline.

« Curious, investigative nature and interest in
technology.

Objective: Submit editorial proof for the newslet-
ter daily. This task includes news gathering, post-
ing, categorization and simple editing functions.

* Gather news items from pre-planned primary
sources for publication.

* Review and post all news items to the news
manager prior to deadline.

Interested candidates please submit
resume by clicking below.

apply now

MANAGEMENT

Talent for Hire

Have a position to fill? D.B.Management has the
people you're looking for. Candidates currently
available include:

* Director of Operations, PCB and CEM
Grew previous operations to over S100 Million.

« Technical Field Applications Engineer
Over 15 years of experience working in the
U.S. with offshore companies.

« Two Highly Experienced Front End
Engineers
Over 25 years of experience. Will work
remotely.

* Four Experienced Sales Professionals
for Both PCB Fabrication and Assembly
All four exhibit successful growth records.

Let D.B. Management help you with
your staffing needs. Contact us now
by calling Dan Beaulieu at:
207-649-0879
or emailing him at:
danbbeaulieu@aol.com

more details
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Career Opportunities

FREEDOM

Sr. PCB Designer-Allegro

Freedom CAD is a premier PCB design service bureau
with a talented team of 30+ dedicated designers pro-
viding complex layouts for our enviable list of high-
tech customers. Tired of the commute? This is a work-
from-home, full-time position with an opportunity for
overtime at time and a half.

Key Qualifications

« EXPERT knowledge of Allegro 16.6/17.2

« Passionate about your PCB design career

« Skilled at HDI technology

« Extensive experience with high-speed digital,
RF and flex and rigid-flex designs

e Experienced with signal integrity design
constraints encompassing differential pairs,
impedance control, high speed, EMI, and ESD

» Experience using SKILL script automation such
as dalTools

« Excellent team player that can lead projects and
mentor others

« Self-motivated, with ability to work from home with
minimal supervision

e Strong communication, interpersonal, analytical,
and problem solving skills

« Other design tool knowledge is considered a plus
(Altium, PADS, Xpedition)

Primary Responsibilities

« Design project leader

« Lead highly complex layouts while ensuring quality,
efficiency and manufacturability

« Handle multiple tasks and provide work leadership
to other designers through the distribution,
coordination, and management of the assigned
work load

* Ability to create from engineering inputs: board
mechanical profiles, board fabrication stack-ups,
detailed board fabrication drawings and packages,
assembly drawings, assembly notes, etc.

apply now

EAF

CAM Engineer

Eagle Electronics is seeking a CAM engineer
specific to the printed circuit board manufac-
turing industry. The candidate should have @
minimum of five years of CAM experience and
aminimum of two years of experience in Front-
line INCAM software. The candidate should
also be fluent in PCB and CAM language per-
taining to customer and IPC requirements. The
ideal candidate has experience with scripting
Frontline INCAM software.

This is a first-shift position at our Schaum-
burg, lllinois, facility; this is not a remote/off-
site position. Any offer would include reloca-
tion costs to the Schaumburg, lllinois, area
along with competitive salary and benefits.

If interested, please submit your resume to
HR@eagle-elec.com and include “CAM Engi-
neer” in the subject line.

About Eagle—Since 1979, Eagle Electron-
ics has provided customers with the highest
quality printed circuit boards at fair and com-
petitive prices. From providing customers with
short standard lead times to very low premi-
ums on quick turns, Eagle strives to provide
the best total value in high technology rapid
turn-around PCBs in the industry.

apply now
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Career Opportunities

= J orbotech.

A KLA Company

West Software
Application Engineer

This position reports directly to the Orbotech
West software support manager and works with
customers to support Orbotech’s pre-production
software products. Acts as a focal point for tech-
nical issues, manages product implementation
projects, provides customer training, and sup-
ports the sales process. Advanced knowledge of
Frontline PCB products, including InCam, InPlan,
InStack, InSight, Genesis, and Genflex. Ability
to travel and manage time to maximize results.
Requires both written and oral technical com-
munication skills. Skilled in the use of scripting
languages, including C-Shell, Perl, or Python.
Knowledge of relational databases and HTML/
XML highly desirable. Knowledge of PCB manu-
facturing processes. Familiar with the process-
es used in front-end engineering departments
at PCB fabrication sites. Requires use of proj-
ect management skills to organize and complete
projects that involve the implementation of so-
phisticated software tools used in printed circuit
fabrication facilities.

An expected average of 35%+ travel. College
degree or equivalent technical education, in ad-
dition to a minimum of five-plus years of related
experience. Experience supporting sales and
sales activities is a plus. U.S. citizen with the
ability to work and travel within the U.S., Canada,
and internationally.

apply now

ventec

HRIEEF

OEM Sales Manager

Chicago/Home-0ffice-Based

Want to advance your career by joining a globally
successful and growing world-class CCL manufac-
turer and help drive that success? We are seeking
to hire an OEM sales manager to grow and manage
key customer accounts with OEM’s and Tier 1 man-
ufacturers in the USA, focusing on Ventec's core
market segments: mil/aero, automotive, and medi-
cal, offering a full range of high-reliability materials,
including polyimide, IMS, and thermal management
products.

Skills and abilities required for the role:
« Non-negotiable: Drive and tenacity!

Required:

* 7t0 10 years’ experience in the PCB industry in
engineering and/or manufacturing

o Detail-oriented approach to tasks

» Ability to manage tasks and set goals
independently as well as part of a team

« Knowledge of MS office products

Full product training will be provided.

This is a fantastic opportunity to become part of a
successful brand and leading team with excellent
benefits.

Please forward your resume to
jpattie@ventec-usa.com and mention
“Technical Sales Engineer—Chicago”

in the subject line.

apply now
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Career Opportunities

FREEDOM

Sr. PCB Designer—Mentor Xpedition

Freedom CAD is a premier PCB design service bureau
with a talented team of 30+ dedicated designers
providing complex layouts for our enviable list of
high-tech customers. Tired of the commute? This is a
work-from-home, full-time position with an opportu-
nity for additional compensation for overtime work at
time and a half.

Key Qualifications

 EXPERT knowledge of Xpedition VX 2.x

* Passionate about your PCB design career

« Skilled at HDI technology

« Extensive experience with high-speed digital,
RF, and flex and rigid-flex designs

e Experienced with signal integrity design
constraints encompassing differential pairs,
impedance control, high speed, EMI, and ESD

« Excellent team player who can lead projects
and mentor others

« Self-motivated with the ability to work from
home with minimal supervision

e Strong communication, interpersonal, analytical,
and problem-solving skills

« Other design tool knowledge is considered a plus
(Altium, Allegro, PADS)

Primary Responsibilities

« Design project leader

« Lead highly complex layouts while ensuring quality,
efficiency, and manufacturability

« Handle multiple tasks and provide work leadership
to other designers through the distribution,
coordination, and management of the assigned
workload

« Ability to create from engineering inputs, board
mechanical profiles, board fabrication stackups,
detailed board fabrication drawings and packages,
assembly drawings, assembly notes, etc.

apply now

ROGERS

CORPORATION

Advanced Connectivity Solutions

Senior Development Engineer

Rogers Corporation is seeking a senior develop-
ment engineer accountable for the development of
more complex products and processes, the estab-
lishment of sound technical bases for these devel-
opments, and effective interaction with technology,
process, and platform innovation; operations; sales
and marketing; and process engineering personnel
to commercialize these developments.

Essential Functions:

« Design and conduct experiments and interpret
the results

* Report on projects in both written and verbal
formats at all levels of the organization

« Perform technical troubleshooting of new
products and processes; act as new product/
concept incubator for new technologies and
platforms, identifying opportunities for improve-
ment and incorporation design for manufacturing
requirements resulting in a viable, scalable product

* Provide ongoing process and manufacturing
support to newly launched products as applicable

* Provide support in terms of analytical equipment
maintenance, methods development, material
analysis, and documentation of new process or
products

* Manage capital projects for the purchase and
installation of new process or support equipment;
train employees in new processes

Required Education and Experience:

Ph.D., Ch.E,, M.E., or material science, or B.S. or higher
in a technical discipline with accomplishment in
product development and project management.

Rogers Corporation provides equal employment oppor-
tunities to minorities, females, veterans, and disabled
individuals as well as other protected groups.

apply now
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Career Opportunities

GO

Gardien

Gardien Is Hiring!

The Gardien Group, a leading solutions
provider in the PCB industry, is looking to fill
multiple openings in their China, Japan, Tai-
wan, and United States service centers.

We are looking for electrical engineers,
operations managers, machine operators,
and sales executives. Prior experience in
the PCB industry is beneficial but not es-
sential. Training will be provided along with
excellent growth opportunities, a benefits
package, and periodic bonuses.

Our global teams are from diverse cul-
tures and work cohesively as a tight-knit
unit. With performance and initiative, there
are plenty of opportunities for professional
growth.

Gardien is an equal opportunity employ-
er. Employment decisions are made without
any regard to race, color, religion, national
or ethnic origin, gender, sexual orientation,
age, disability, or other characteristics.

Interested candidates, please contact us
with your resume and a cover letter. Kindly
note that only shortlisted candidate will be
contacted.

Apply at careers@gardien.com.

apply now

Become a Certified IPC
Master Instructor

Opportunities are available in Canada, New Eng-
land, California, and Chicago. If you love teaching
people, choosing the classes and times you want to
work, and basically being your own boss, this may
be the career for you. EPTAC Corporation is the lead-
ing provider of electronics training and IPC certifi-
cation and we are looking for instructors that have
a passion for working with people to develop their
skills and knowledge. If you have a background
in electronics manufacturing and enthusiasm for
education, drop us a line or send us your resume.
We would love to chat with you. Ability to travel
required. IPC-7711/7721 or IPC-A-620 CIT certifica-
tion a big plus.

Qualifications and skills

* Alove of teaching and enthusiasm to help
others learn

« Background in electronics manufacturing

« Soldering and/or electronics/cable assembly
experience

« |PC certification a plus, but will certify the
right candidate

Benefits

* Ability to operate from home. No required
in-office schedule

* Flexible schedule. Control your own schedule

« |RA retirement matching contributions after
one year of service

« Training and certifications provided and
maintained by EPTAC

apply now
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Technical Account Manager
Chicago/Minneapolis

Insulectro, the largest national distributor of
printed circuit board materials, is seeking a talented
sales superstar for a Technical Account Manager
role based out of either our Chicago or Minneapolis
office. This role will focus on maintaining the exist-
ing customer base and developing new business
within the assigned territory in both the printed cir-
cuit board and printed electronics industries. We are
looking for the perfect fit of education, experience,
and attitude that matches our company culture and
enhances the service level to our customers.

Qualifications:

« A self-motivated business professional who is
driven to succeed with a minimum of 3 years
outside sales experience in the PCB or PE
industry

« Proven sales/business development record

e Excellent communication and interpersonal
skills

* 0EM and electronic assembly experience
is a plus

We offer:
e Competitive salary and commission plan with a
comprehensive benefits package
« A fun, high-energy company with an
entrepreneurial spirit
e A great group of people to work with!

apply now

Passion | Commitment | Trust

‘yAI:CT

APCT, Printed Circuit
Board Solutions:
Opportunities Await

APCT, a leading manufacturer of printed
circuit boards, has experienced rapid
growth over the past year and has multiple
opportunities for highly skilled individuals
looking to join a progressive and growing
company. APCT is always eager to speak
with professionals who understand the
value of hard work, quality craftsmanship,
and being part of a culture that not only
serves the customer but one another.

APCT currently has opportunities in Santa
Clara, CA; Orange County, CA; Anaheim, CA;
Wallingford, CT; and Austin, TX. Positions
available range from manufacturing to qual-
ity control, sales, and finance.

We invite you to read about APCT at APCT.
com and encourage you to understand our
core values of passion, commitment, and
trust. If you can embrace these principles
and what they entail, then you may be a
great match to join our team! Peruse the
opportunities by clicking the link below.

Thank you, and we look forward to
hearing from you soon.

apply now
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Career Opportunities

TAIYO

AMERICA

Development Chemist
Carson City, NV

Develop new products and modify existing products
as identified by the sales staff and company manage-
ment. Conduct laboratory evaluations and tests of the
industry’s products and processes. Prepare detailed
written reports regarding chemical characteristics.
The development chemist will also have supervisory
responsibility for RED technicians.

Essential Duties:

« Prepare design of experiments (DOE) to aid in the
development of new products related to the solar
energy industry, printed electronics, inkjet technolo-
gies, specialty coatings and additives, and nano-
technologies and applications

« Compile feasibility studies for bringing new
products and emerging technologies through
manufacturing to the marketplace

* Provide product and manufacturing support

* Provide product quality control and support

« Must comply with all 0SHA and company workplace
safety requirements at all times

« Participate in multifunctional teams

Required Education/Experience:

« Minimum 4-year college degree in engineering or
chemistry

« Preferred: 5-10 years of work experience in
designing 3D and inkjet materials, radiation cured
chemical technologies, and polymer science

* Knowledge of advanced materials and emerging
technologies, including nanotechnologies

Working Conditions:

« Chemical laboratory environment

* Occasional weekend or overtime work
« Travel may be required

apply now

e\

INDIUM

CORPORATION®

Multiple Positions
Available

The Indium Corporation believes that
materials science changes the world.
As leaders in the electronics assembly
industry we are seeking thought leaders
that are well-qualified to join our dynamic
global team.

Indium Corporation offers a diverse range
of career opportunities, including:

* Maintenance and skilled trades

e Engineering

e Marketing and sales

e Finance and accounting

* Machine operators and production
* Research and development

e Operations

For full job description and other
immediate openings in a number
of departments:

www.indium.com/jobs

apply now
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Career Opportunities

Mannzss=

SMT Field Technician
Huntingdon Valley, PA

Manncorp, a leader in the electronics assembly
industry, is looking for an additional SMT Field Tech-
nician to join our existing East Coast team and install
and support our wide array of SMT equipment.

Duties and Responsibilities:

* Manage on-site equipment installation and
customer training

* Provide post-installation service and support,
including troubleshooting and diagnosing techni-
cal problems by phone, email, or on-site visit

« Assist with demonstrations of equipment to
potential customers

« Build and maintain positive relationships with
customers

« Participate in the ongoing development and
improvement of both our machines and the
customer experience we offer

Requirements and Qualifications:

* Prior experience with SMT equipment, or
equivalent technical degree

« Proven strong mechanical and electrical
troubleshooting skills

« Proficiency in reading and verifying electrical,
pneumatic, and mechanical schematics/drawings

« Travel and overnight stays

« Ability to arrange and schedule service trips

We Offer:

« Health and dental insurance

« Retirement fund matching

e Continuing training as the industry develops

apply now

B
U.S. CIRCUIT

Sales Representatives
(Specific Territories)

Escondido-based printed circuit
fabricator U.S. Circuit is looking to
hire sales representatives in the
following territories:

e Florida
e Denver
e Washington
e Los Angeles

Experience:
e Candidates must have previous
PCB sales experience.

Compensation:
* 7% commission

Contact Mike Fariba for
more information.

mfariba@uscircuit.com

apply now
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Opportunities

ZENTECH

Zentech Manufacturing:
Hiring Multiple Positions

Are you looking to excelin your career and
grow professionally in a thriving business?
Zentech, established in Baltimore, Maryland,
in 1998, has proven to be one of the premier
electronics contract manufacturers in the
Us.

Zentech is rapidly growing and seeking
to add Manufacturing Engineers, Program
Managers, and Sr. Test Technicians. Offer-
ing an excellent benefit package including
health/dental insurance and an employer-
matched 401k program, Zentech holds the
ultimate set of certifications relating to the
manufacture of mission-critical printed cir-
cuit card assemblies, including: 1S0:9001,
AS9100, DD2345, and IS0 13485.

Zentech is an IPC Trusted Source QML
and ITAR registered. U.S. citizens only need

apply.

Please email resume below.

apply now

M. BLACKF

Premier Training & Certification

IPC Master
Instructor

This position is responsible for IPC and
skill-based instruction and certification
at the training center as well as train-
ing events as assigned by company’s
sales/operations VP. This position may
be part-time, full-time, and/or an inde-
pendent contractor, depending upon
the demand and the individual’s situa-
tion. Must have the ability to work with
little or no supervision and make appro-
priate and professional decisions. Can-
didate must have the ability to collabo-
rate with the client managers to con-
tinually enhance the training program.
Position is responsible for validating the
program value and its overall success.
Candidate will be trained/certified and
recognized by IPC as a Master Instruc-
tor. Position requires the input and
management of the training records.
Will require some travel to client’s facili-
ties and other training centers.

For more information, click below.

apply now
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A comprehensive tour through the world

of thermal management. Required reading
for designers and end users wishing to
understand the science and practice of

using insulated metal substrate materials”

DESIGNER’S GUIDE

Alun Morgan m
' Thermal Management wi
R Insulated Metal Substrates

Download Now

Written by Didier Mauve and lan Mayoh
of Ventec International Group, this
book highlights the need to dissipate
heat from electronic devices.

Didi
vﬁﬂrﬁ."f.}ﬁ'},ﬂ'ﬂﬂ&ﬂh

I-007ebooks.com
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oen
Events Calendar

LOPEC Exhibition and Conference » Atlantic Design & Manufacturing »
March 24-26, 2020 June 9-11, 2020

Munich, Germany New York City, New York, USA
SMTA Atlanta » PCB West »

April 16, 2020 September 8-11, 2020

Peachtree Corners, Georgia, USA Santa Clara, California, USA
IMAPS CICMT Ceramic Interconnect » AltiumLive 2020 »

April 22-24, 2020 October 7-9, 2020

Albuquerque, New Mexico, USA San Diego, California, USA

JPCA Show » Printed Electronics USA 2020 »
May 27-29, 2020 November 18-19, 2020

Tokyo Big Sight, Japan Santa Clara, California, USA

Additional Event Calendars

Coming Soon to Design007 Magazine

April 2020: Design Economics

Next month, our experts delve into the economics of PCB design: the total cost of each design,
a variety of methods for controlling costs at each stage, metrics that help designers
and engineers track costs, when it’s time to outsource a design, and much more.
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