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Mechatronics:

Designers Need to Know It All

The Shaughnessy Report

by Andy Shaughnessy, I-CONNECT007

When I was growing up, the term “know it
all” was considered an insult. But PCB design-
ers and design engineers of the future will need
to know almost everything about the board,
the system, and the final product. Tomorrow’s
designers will need to have a solid understand-
ing of not just electronic design, but mechani-
cal design and software development as well.

This is where mechatronics comes in. What
exactly is mechatronics, anyway? According to
Oregon State University, which offers a mecha-
tronics curriculum, “Mechatronics is a multi-

disciplinary engineering discipline with foun-
dations in electrical, computer, and mechani-
cal engineering. Mechatronics skills are com-
monly utilized in robotics, and more broadly
in advanced automated manufacturing.”

What does all of this have to do with PCB
design? More and more PCB design jobs
require that applicants have some experience
in mechatronics. Gone are the days of ECAD
and MCAD experts operating in separate silos,
and mechatronics is playing a key role in bridg-
ing the gaps between these silos.
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In this issue, our expert contributors dis-
cuss the advent of mechatronics in PCB
design, the challenges and opportunities
this creates for PCB designers, and the ben-
efits—to the employee and the company—
of becoming a mechatronics engineer.

We start off with an interview with Pro-
fessor John Watson, CID, who explains the
value of mechatronics in PCB design and
why he covers electrical and mechanical
properties in his PCB design class at Palo-
mar College. We have an interview with
Dylan Nguyen, a first-year engineering stu-
dent at Oregon State University, who dis-
cusses the takeaways from his mechatron-
ics class. Next, Stephen Chavez brings us
an article on ECAD/MCAD collaboration,
and how EDA tools help PCB designers
work across multiple disciplines. Colum-
nist Vern Solberg explains how IPC-CFX
allows designers to optimize their DFA
techniques, and columnist Joe Fjelstad
walks us through uses and potential uses of
mechatronics in the world of flex and rigid-
flex circuit boards.

We also have columns by Barry Olney,
Kelly Dack, and Matt Stevenson, as well as
articles by IPC’s Kelly Allen and ASC/Sun-
stone’s Anaya Vardya. Finally, we have a pair
of interviews: Charlene McCauley and Ter-
rie Duffy discuss their work on the DDRS
CAMM?2 module that will replace the SO-
DIMM standard, and Alex Burt updates us
on his career since we last spoke with him
five years ago as he was graduating college.

The only thing certain in this industry is
change. Check back for more coverage of
mechatronics. DESIGN007

Andy Shaughnessy is man-
aging editor of Design007
Magazine. He has been
covering PCB design for
23 years. To read past
columns, click here.

Bringing Two Cultures
Together in PCB
Manufacturing

by Tom Yang

Welcome to my new column. My
name is Tom Yang, and | am the CEO of
CEE PCB, a family-owned global printed
circuit board business. | was actually
educated in California, earning my bachelor's and
master’s degrees in finance at Cal State. After gradu-
ating, I worked in investment banking for a while, then
came to work at CEE, where | have been ever since.

We are a family-owned business. My dad is the
founder and chair of the company; my uncle heads
the sourcing team. | first joined the purchasing team in
2019 when our Zhuhai factory was in the early stages
of construction. | watched it being built and helped
by selecting and installing all the new equipment. For
the past three years, | have spent most of my time at
the headquarters in Huizhou, as well as visiting clients
in mainland China and around the world once COVID
restrictions were lifted.

Over the years, we have put together a great team
at CEE. Our team works on the principle of “family-by-
choice”; whether or not we are actually related, we
operate as one big family, and we have valued these
efforts over the years very much.

During my years in America, | came to realize that
many of the impressions we have in China about Amer-
icans are misconceptions. That same thing applies for
the impressions that Americans have about China. In
truth, | have found myself in the middle. | have spent
much time trying to explain Chinese business culture
to Americans and American business culture to Chi-
nese businesspeople, especially those in our industry.

To continue reading this column, click here.

JULY 2024 | DESIGNOO7 MAGAZINE 9


https://iconnect007.com/column/57/design
https://iconnect007.uberflip.com/i/1523387-smt007-july2024/65?

The Need for Cross-disciplined
PCB Designers

Feature Interview by the I-Connect007 Editorial Team

Over the past few years, mechatronics has
taken on a bigger role in PCB design and manu-
facturing. As the lines blur between the ECAD
and MCAD disciplines, more companies are
seeking PCB designers who have some knowl-
edge of mechatronics.

John Watson, CID, is a professor at Palo-
mar College near San Diego, where he teaches
comprehensive PCB design courses that focus
on the mechanical side of design. We asked
John to discuss the rise of mechatronics in
this segment, the need for cross-disciplined
PCB designers, and the benefits that mecha-
tronics skills can offer to designers and their
employers.
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Andy Shaughnessy: John, what is your
definition of mechatronics? How it used in
PCB design?

John Watson: Mechatronics is the combination
of mechanical and electronics. It’s definitely the
way many companies are going now; they’re
looking for people who are cross-disciplined.
Companies want a bigger bang for their buck in
their workforce. The benefit of having individ-
uals who know PCB design and mechanical are
huge. This also goes for the other side. There’s
also an area of firmware or software develop-
ment and PCB design, and I don’t think we’ve
come up with terminology for that yet. Ulti-
mately, this is a result of the downturn of 2008






John Watson

where we saw PCB designers leaving the field,
and managers started looking at engineers to
be the jack of all trades for us.

Barry Matties: John, help me understand that
connection between firmware development
and PCB design.

Sure. Often, the engineers will do the sche-
matic all the way to complete development.
They’re also required to bring the board up and
develop the firmware that will bring that board
up, so they’ll work on both the hardware and
the software or firmware side. It’s my gut feel-
ing that the EEs are spread pretty thin now. As
a design instructor, I’'m getting more calls from
companies saying, “Just give us a warm body
who knows PCB design—and that warm part
is optional.”

I don’t know if mechatronics will fully take
off. It would be nice for the EEs if it did. In my
college course, I have an entire section that
deals with mechanical development. Mostly, I
work with the integration of PCB design into
the mechanical side, and then we discuss the
tools that are available to do that. We talk about
Altium Connector, and the ECAD vs. MCAD
side of things. It’s just now taking off. I recom-
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mend to my students they should be cross-
disciplined. Don’t just focus on PCB design,
but if you know mechanical design, firmware,
or anything else like it, that’s a definite plus for
companies today.

Nolan Johnson: John, along that line, is there
much interest or momentum for mechani-

cal engineering students to be working with
physical layout?

There is, even to the point where some of the
mechanical software now has PCB capabili-
ties. We’re seeing that more often now. But I
would describe it as a crapshoot at this point.

Matties: On an income basis, maybe as a per-
centage, what sort of elevated income would
I have by being well educated in both disci-
plines, electrical and mechanical?

Well, I know you don’t get the MCAD salary
(laughs), but there has to be an increase in
salary. I would say that it would be at least a
20-25% bump. It’s definitely something that
people should consider. This is a new area.
Mechatronics is a real catchphrase right now
in our industry and the direction we’re head-
ing. We should consider how we handle this
in academia because it’s a trend that will stick
around.

From the beginning, there’s been such a close
relationship between the ECAD and MCAD
sides. You could say that the PCB design starts
on the MCAD side by making sure that the
board, its shape, and everything else will fit
into the enclosure, and then that’s passed over
to ECAD. MCAD is where it starts.

Matties: That function will now be the role of
one person who brings many benefits to the
OEM. What other benefits are we likely to
see?

The main benefit is a streamlining of the entire
PCB design process. You won’t just throw it
over the wall. An engineer with mechatronics
knowledge can look at the design with a set of
fresh eyes. They know what they’re doing, and



where the finish line is. They understand the
mechanical and electronics guidelines, which
makes it really nice. That’s a big advantage.
I think that’s a big attraction for electronics
companies. It just makes financial sense.

Now, one downside is that you're now asking
an individual to do two jobs. As I mentioned,
the EEs are pretty well spent at this point.
Plus, if you ask most universities about the
training that EEs receive, you’ll find they don’t
even get PCB design training, and now you're
asking them to add on mechanical design as
well. Another downside is that there are no
training courses available for some-
thing like this. Speaking
of which, now I want to *
head over to the mechan-
ical department and talk to
them about this combination of
MCAD and ECAD and how we
can improve the curriculum at
Palomar College with mecha-
tronics.

Matties: Who will move over
to mechatronics—the ECAD
or MCAD people?

It will most likely come from the
mechanical side. In my course, about 60%
of my class are mechanical designers who
come in to learn printed circuit board design.
There are probably another 20% who are EEs,
and the rest are miscellaneous. I would say
the number of mechanical people doing PCB
design has definitely risen over the past few
years.

I'm also dispelling the misconception that
you must be an EE to do printed circuit board
design. We're slowly chiseling away at that.
We have folks in my class who were not even
involved in electronics in any way, and found
this to be a very attractive career. One con-
struction worker came in wanting a career
change. He did the work, and he’s now a PCB
designer. I think we’re definitely swinging
away from the EEs in design.

| would say
the number of
mechanical people
doing PCB design has
definitely risen over
the past few years.

Shaughnessy: For years, we’ve been hearing
about this supposed convergence of ECAD
and MCAD, but | was skeptical because

the two disciplines even have different lan-
guages. Now, some PCB design CAD tools
offer MCAD capabilities. Will it ever be a
seamless process?

It is seamless now, yes. Years ago, if you were
working with your MCAD guy, you had to cre-
ate a 3D STEP file of your PCB, drop it some-
where, or email it, hoping it wasn’t too big.
Then the mechanical guy picked it up from a
central location and he had to then drop it in
and pull the old board out and drop in the
new board. He had to make sure that
everything was still working with
no collisions. Now this whole
process has been reduced
down to pushing a button, and
itimmediately goes over to the
mechanical side. I may have
to come up with new reasons
when my boss asks why things
took so long: “Pushing
the button was really
tough.”
But there was a big
separation, and even the
integration of ECAD and MCAD
is a new concept. I spent so much time
with thousands and thousands of STEP mod-
els. I could have saved a huge amount of time if
I could have just pushed a button. I do believe
that the ECAD and MCAD people are play-
ing nicer now, and there’s better collabora-
tion between them. I know that on the ECAD
side, there’s more demand for collaboration
between different tools. But how do we inte-
grate it? How do we push this whole concept
forward?

Johnson: Another factor might be that we did
not have the compute power to conceive of
a design tool that could do both MCAD and
ECAD at the same time.

That’s very true.
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Matties: What is important for designers to
know about mechatronics right now?

The future of mechatronics is strong, and I
stand by my thought that designers should
be cross-disciplined. If you're strictly a PCB
designer now, you will increase your value to
the company if you begin to look at cross-dis-
ciplines. When you walk in for that interview,

you can say, “I have a lot of skills to offer your
company.”

Matties: Great advice. Thanks for speaking
with us, John.

Thank you, Barry. It’s always great to talk with
you all. DESIGNOOT

New Technique Could Help Build
Quantum Computers

Quantum computers have the potential to solve
complex problems millions of times faster than
some of the world’s fastest supercomputers. A net-
work of quantum computers could advance these
discoveries even faster.

Connecting qubits, however, has been challeng-
ing for the research community. Some methods
form qubits by placing an entire silicon wafer in a
rapid annealing oven at very high temperatures.
With these methods, qubits randomly form from
defects (also known as color centers or quantum
emitters) in silicon’s crystal lattice. And without
knowing exactly where qubits are located in a mate-
rial, a quantum computer of connected qubits will
be difficult to realize.

..,‘;/zf ¢
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A research team led by Lawrence Berkeley
National Laboratory (Berkeley Lab) says that they
are the first to use a femtosecond laser to create
and “annihilate” qubits on demand, and with preci-
sion, by doping silicon with hydrogen.

“To make a scalable quantum architecture or
network, we need qubits that can reliably form
on-demand, at desired locations, so that we know
where the qubit is located in a material. And that’s
why our approach is critical,” said Kaushalya Jhuria,
a postdoctoral scholar in Berkeley Lab’s Accelera-
tor Technology & Applied Physics (ATAP) Division.

The new method uses a gas environment to
form programmable defects called “color centers”
in silicon. These color centers are candidates for
special telecommunications
qubits or “spin photon qubits.”
The method also uses an
ultrafast femtosecond laser to
anneal silicon with pinpoint
precision where those qubits
should precisely form. A fem-
tosecond laser delivers very
short pulses of energy within
a quadrillionth of a second to
a focused target the size of a
speck of dust.

“Now that we can reliably
make color centers, we want
to get different qubits to talk
to each other—which is an
embodiment of quantum
entanglement—and see which
ones perform the best. This is
just the beginning,” said Jhu-

- ria. (Source: Berkeley Lab)






Exploring the Interdisciplinary
World of Mechatronics

Feature Interview by the I-ConnectO07 Editorial Team

Dylan Nguyen grew up with a father who
worked as a mechanical engineer, and he’s been
exploring his engineering interests through
FIRST Robotics programs. Now, having com-
pleted his first year at Oregon State University,
Dylan is rethinking his mechanical engineering
path as he becomes exposed to the wide range
of disciplines in engineering, known collec-
tively as mechatronics.

In this interview, we talk to Dylan about his
interests and experiences in his engineering
studies and how, uniquely enough, this expo-
sure has opened his eyes to the possibilities of
becoming a PCB designer.

Andy Shaughnessy: Dylan,
what has been your expe-
rience as a first-year
student at Oregon
State University?
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Dylan Nguyen: 1 am declared as a mechanical
engineer major which requires that I take certain
classes. But at Oregon State, there’s been a new
emphasis on mechatronics, meaning that one
should have a broad understanding of different
aspects of engineering, not just one discipline.

There are many aspects of engineering,
including mechanical, software, electronics,
and electrical. Mechatronics says that engi-
neers, no matter their specific discipline, should
have some proficiency in all these disciplines.

I am completing my first year of the mechani-
cal engineering program and taking the mecha-
tronics curriculum. So far, we have worked in
project development, soldering,
and worked on Arduinos and
Adafruit boards—things I
wouldn’t normally do
as a mechanical engi-
neer. This whole idea






of mechatronics is that the world wants peo-
ple who are more engineering generalists and
understand how things work together.

Nolan Johnson: Dylan, as an engineering
student following a specialty, does this dilute
your specialty? How much of the class load
has shifted from time spent specializing

in biomedical or chemical engineering, for
example?

I work in a research lab where we develop envi-
ronmental sensors. It involves designing electri-
cal systems, working with PCBs, and soldering.
I am one of the mechanical engineers working
on the project. I do not feel it dilutes my stud-
ies in mechanical engineering but rather gives
me a better understanding of what’s happen-
ing around the mechanical piece. I'm still
expected to learn all the skills of a mechani-
cal engineer. But by

being more exposed \
to what is on the
periphery, I feel I have

a better understanding of
how things work, and how
mechanical design contributes
toward a bigger picture.

Johnson: So, you feel studying mechatron-
ics will make you a better, more valuable
mechanical engineer?

I think so. It’s really helpful when you’re work-
ing in a smaller team with only one mechanical
engineer, one electrical engineer, and maybe
a data analyst. It’s nice being able to under-
stand the jargon we’re throwing at each other
because we collaborate more effectively.

Shaughnessy: Can you define what you mean
by mechatronics? Is it more of a theoretical
study at this point?

It’s more of a theoretical study, yes. The idea is
that, to be a good engineer, you need to have
an understanding of all aspects of the system.
Mechatronics says effective engineers must be
aware of what’s around them.
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I'm considering trying

to do both mechanical
engineering and
electrical engineering.

Barry Matties: It still comes down to thinking
beyond whether you want to be just an ME
or an EE. Based on your mechatronics stud-
ies, are you now considering diving into more
than just the periphery of another discipline?

Yes. I’'m considering trying to do both mechan-
ical engineering and electrical engineering.

Matties: Was there a trigger point, an
“a-ha” moment for you?

I think the trigger point was that I wanted to
have more opportunity to demonstrate my
abilities than if I were to specialize in just one
thing. By having that mechanical engineering
background but also being able to work in, or
have a really good understanding of, electrical
engineering, I will have a bigger toolkit.

Matties: It makes you more valuable.

It is likely that I will pur-
sue both studies now. My
school has been support-
ive. They know that I'm

really driven. There are a

lot of students like me
/, who are also really try-
ing to build that toolkit

for themselves, especially since the
consensus among my friends are you need
to diversify. With fields like computer sci-

ence, for instance, we’ve seen that if you stick
to one thing, it’s less stable.

Matties: True. All things being equal, a
mechatronics engineer is likely to be hired
over an ME or EE, which is a better value for
the employer.

Shaughnessy: What are some of the projects
you’ve worked on under the mechatronics
banner?

One of the mechatronics professors is Dr.
Kenneth Udell, an electrical engineer. In his
class, we worked on environmental sensors,
and my group made a sensor that you can put
into produce transports. It tracks the different



environmental condi-
tions of the produce as
it travels. We found a
statistic that said over
half of the produce
transported is lost due
to the environmental
conditions in which
it travels. The sen-
sor is meant to help
transporters under-
stand where they can
improve their condi-
tions.

To create the sen-
sor, we got this huge
ammo box. It had an
Arduino in it. We sol-
dered together the
headers onto the PCB
itself. Then we sol-
dered jumper cables
and sensors to it. That’s when I found out that
my software was actually better than my TAs.
We gathered and worked on it as a unit in a
studio-type space. That was our project. This
next term was more focused on the software
development side.

Matties: That’s great. What else are you
working on?
I am still working on the PCB. It’s an Arduino
circuit board player or circuit playground.
It’s a board with a microprocessor: 10 analog
inputs and five digital sensors. You can do a lot
of different projects with it. I hook it up to my
computer, deploy some code to it, and do a lot
of interesting stuff with it. This term has been
focused more on expanding my software skills.
That’s the goal of the first year of engineering.
Technically, I’'m considered a general engineer
until I declare. In the meantime, I'm learning
different skills. The program lets me preview
what I can do, but my professors encourage me
to expand my skills. I want to be a mechanical
engineer, but I've considered electrical engi-

Dylan Nguyen

neering with a focus
on software. Oregon
State makes software
development one of
the easiest minors to
pickup, whichis great.
There are a lot of peo-
ple who will pick up
software development
along with their pri-
mary degree. A good
university should
expose you to all sorts
of things. You go in
thinking you know
what you know, but
you don’t know what
you don’t know.

Matties: What do you
think makes a good
engineer?

I think it’s more about that person’s core values
and how they work. I've always been told that
you can always learn. You can learn to be an
electrical engineer or learn to do software. But
you need to have some inherent soft skills, such
asbeinga quicklearner or being genuinely curi-
ous. You must want to challenge what’s already
been established. As an engineer, your job is to
challenge what’s already there and synthesize
the new with the old.

Johnson: Dylan, can you draw a line between
what you’re doing now and how engineering
is viewed in the university environment with
your experience in FIRST Robotics?

If I were to put an overall theme to everything
that I’ve experienced here at school, what I'm
working on in classes, and with FIRST Robot-
ics, there’s this theme of diversifying your
skills. You really want to do as many things as
you possibly can. When I was in FIRST Robot-
ics, I worked in a shop. I was a machinist, but I
also did a computer design grant. I was also the
one who would go to public events and present
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speeches as part of our outreach. I was encour-
aged to teach classes for our STEM camps. You
don’t have to do just one thing.

Here at college, there are so many options.
You can join the Formula One racing team.
Right behind me is a rocket that OSU students
built. You can also focus on the administra-
tive side of being an engineer by joining clubs,
leading chapters, etc. Overall, everything that
I've seen tells me that people really want to see
those who are willing to explore and be well-
versed in a lot of different things.

Matties: When you look at your career, do you
see circuit board design as a potential career
path for you?

I am very interested in PCB design. At the
research lab right now, we designed something
we are ready to patent. We have a couple of
companies interested in buying our designs.
Rather than using modular tools like Arduinos
and Adafruit circuit boards, we want to create
our own PCB and use that.

Matties: Has that inspired you toward
PCB design?

Yes. I wanted to see what it would be like to
design the PCB itself. I've done CAD and man-
ufacturing, but I have never done PCB design.
After seeing it in person and learning about it, I
want to design and create my own PCB before
I graduate. It might not be my final destination
but learning it could be really useful for some-
thing I'm doing later. That general literacy will
be helpful.

Shaughnessy: That’s stunning to me because,
in the PCB design community, we frequently
say that the electronics design is the currency
for moving data around in an engineering
environment.

Johnson: Because of that, everyone in an
engineering discipline needs to have at least
a basic understanding of how PCB design
works.
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In my first engineering course, there was a pro-
fessor who said, “I need to clarify one thing
for you, and it’s that engineering is about mov-
ing energy.” With anything you do, it comes
down to the energy. You need to consider that
whether you’re a mechanical, software, or elec-
trical engineer; it all comes down to energy.
Everything you do has to be in consideration
of that.”

Shaughnessy: | know it’s early in your college
career, but do you have a sense of what the
hiring is like for somebody with a mechatron-
ics background?

I know that there are a lot of interested compa-
nies who hold OSU engineering in high regard.
HP is one. I'm sitting across from HP’s com-
puter lab right now.

Shaughnessy: There has been a big push for
more females to become involved in STEM.
What is the student mix in your classes?

I’d say it’s almost a 50/50 split. The last project
that I worked on was led by a female student,
and it was her idea for the agricultural produce
sensor that we built.

Shaughnessy: That’s encouraging to hear.
What advice do you have for other students
considering an engineering discipline?

As someone who was really uncertain when
starting college, I think you should just be
ready to do whatever options are presented.
Don’t be afraid to take a risk. In my first year, I
basically did everything I possibly could, from
software to electrical. I didn’t even know if I
would like it. You can always pull back a bit
when you know what you like and don’t like,
but you’ll never know if you don’t actually try.

Shaughnessy: That’s really good advice.
Thank you, Dylan, and good luck as you
continue your educational journey.

Thank you. DESIGN007






Does Current Deliver the
Energy in a Circuit?

Beyond Design

by Barry Olney and Rick Hartley (Special Advisor), IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

In circuit theory, we learn that current flows
in a closed loop, returning to the source via a
conductor pair. This flow of current provides
power to theload, and energy transfer occurs as
described by Ohm’s law (P = VI). Conversely,
in electromagnetics theory, we discover that
current does not provide the power in a cir-
cuit, but rather the energy wave is guided by
the conductor to power the load, according to
Maxwell’s equations.

The flow of current in a PCB is essential for
delivering energy and enabling devices to per-
form work but does current carry the energy?
Why does an alternating current (AC) signal
require a thicker conductor to provide higher
power if the current is not in the carrier? There
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are many contradictions as to how energy
flows in a circuit. To understand this, one must
appreciate the difference between the lumped
element view and that of distributed circuits.
Ohm’s law provides a simplified approach to
power transfer whereas Maxwell’s equations
offer an interpretation of the entire distributed
system. In this month’s column, we will try to
clarify the perplexing aspect of AC/DC electri-
cal theory.

Electromagnetic (EM) waves carry energy
through their electric and magnetic fields. The
larger the strength of these fields, the more
work they can do and the greater the energy the
wave carries. At high frequencies, the diameter
of a conductor affects how efficiently it absorbs
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energy from electromagnetic waves. Larger
diameters allow for better energy absorption,
while smaller diameters limit energy transfer.
The wave energy is determined by its ampli-
tude. The amplitude of an electromagnetic
wave refers to the maximum field strength of
its electric and magnetic fields. The energy
carried by an electromagnetic wave is directly
proportional to the square of its amplitude. In
other words, if the amplitude of a wave dou-
bles, its energy increases by four times. This
relationship holds true for all types of electro-
magnetic waves (Figure 1).

When electromagnetic waves encounter a
conductor (such as a PCB trace and its refer-
ence line, typically a ground conductor), they
induce oscillating currents in the conductors
due to the fluctuating electric and magnetic
fields. A pair of associated conductors, usu-
ally a signal line and reference line, are used to
move energy from point A to point B. These
induced currents themselves emit electromag-
netic waves at the same frequency, which can
either constructively or detrimentally inter-
fere. If the conductor has a small diameter
(compared to the wavelength of the incident

wave), the induced currents are limited, and
the energy absorption is reduced. Conversely,
a larger conductor diameter allows for more
efficient energy absorption.

It’s essential to note that the speed of energy/
signal traveling down a conductor is actually
the speed of the electromagnetic wave, not
the movement of electrons. The signal travels
on this electromagnetic carrier wave. The EM
wave traveling along (guided by) the copper
trace forms a type of waveguide. The propaga-
tion of the wave is affected by the interaction
with the material(s) in and surrounding the
dielectric, caused by the presence of electric
charge carriers, interacting with the electric
field component, and magnetic dipoles, inter-
acting with the magnetic field component. The
energy/signal flows overwhelmingly outside
the electrical conductor. The purpose of the
conductor is thus not to conduct energy, but to
guide the energy-carrying wave.

The electromagnetic fields do not move
through space. It is the electromagnetic energy
that moves. The electric field of a conduc-
tor extends to the return conductor, which is
usually closely coupled to the signal trace. At

Figure 1: Energy carried by an EM wave depends on its amplitude. Doubling the E (electric) field and
B (magnetic) field quadruples the energy density (u) and the energy flux (uc). (Source: Samuel J. Ling)
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greater distances, the aggregate field can be
approximated by the differential field between
the conductor and the return conductor, which
tends to cancel. When you minimize the return
loop in a circuit, it helps reduce electromag-
netic radiation.

When a DC step voltage is applied to a trans-
mission line, the electron drift velocity will
increase in speed proportionally to the strength
of the electric field. However, electron drift
speed is very slow; drift velocity is about 4 Km/
hr. AC voltages cause no net movement. The
electrons oscillate back and forth in response
to the alternating electric field, over a distance
of a few micrometers.

The velocity of propagation of an EM wave is
only limited by the dielectric properties of the
surrounding materials. EM waves travel at the
speed of light in a vacuum or air but are slowed
down as they enter a dielectric. The relative
permeability or dielectric constant (Dk), of the
surrounding materials, impacts the velocity of
propagation (v) at the speed of light (¢).

C
VEIN Tn

Therefore, FR-4 material (with Dk = 4) in
a stripline configuration slows the propaga-
tion speed and decreases the wavelength of
the electromagnetic wave by about half. But
that all depends on the

whether it’s a radio wave, visible light, or a DC
signal, they all travel at this universal speed.
When a DC voltage is applied to a transmission
line, the particles move, generating a magnetic
field, which in turn creates an EM wave along
the line. Signals do not travel as electrons or
charge movement; it would be way too slow
to be useful. Signals travel at a fraction of light
speed because it’s the EM wave that travels.

Electromagnetic waves are generated by the
acceleration of charged particles. In the case of
DC, a constant electric field creates the flow of
electrons through a conductor pair, creating
a constant magnetic field. This magnetic field
then generates an electromagnetic wave. The
strength of the DC current does not affect the
frequency of the electromagnetic wave, but it
does affect the amplitude or intensity of the
wave. A stronger current will result in a stron-
ger electromagnetic wave with a higher ampli-
tude and thus more energy.

When aDCvoltage is connected to aload (via
a PCB trace), a transient current flows through
the conductors. This transient current is actu-
ally an alternating current and behaves like a
propagating electromagnetic wave. It gener-
ates fluctuating electric and magnetic fields
as it travels along the conductor. If the imped-
ance of the transmission line is not matched to
the source and the load, it will reflect, creating
overshoot and undershoot as in Figure 2.

exact dielectric constant of ‘B
the combined surrounding
materials.

It is important to note 3
that this speed applies to
all electromagnetic waves,
including direct current
(DC) signals. Even though
DC signals are typically 0
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associated with steady cur-
rents, their electromag- e %
netic fields still propagate
at the same speed as other
electromagnetic waves. So,
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Figure 3: Electromagnetic fields of a DC power circuit. (Source: Juliano Mologni, Ansys)

It is important to understand that fluctuat-
ing DC cannot exist; anything that fluctuates
is actually AC. As designers, we often use the
term DC rather too loosely. At the instant of
connection of a DC voltage to a load, a tran-
sient current flows through the conductors
(PCB traces), charging up their distributed
capacitances. This transient current is AC and
is a propagating EM wave that generates fluc-
tuating EM fields (magnetic and electric) as it
travels along the transmission line. Afterward,
the current is DC and the EM fields become
static, not fluctuating.

Electric and magnetic fields are present
around any electrical circuit, whether it car-
ries AC or DC electricity. Since DC is static
and AC varies in direction, fields from DC
and AC sources have significant differences.
Static fields, for example, do not induce cur-
rents (crosstalk) in stationary objects, while
AC fields do. Static magnetic fields do not vary
over time and thus do not have a frequency (0
Hz). Therefore, DC signals do not exhibit the
skin effect, where current tends to flow only

in the surface of a conductor. As the frequency
increases, current is delegated to the surface.

Charges do not move in a conductor unless
there is an electric field to push them along. In
a vacuum, electrons are unimpeded and accel-
erate across the available space. They give up
their energy on impact at the end of their jour-
ney. In a dielectric, the moving charges con-
stantly collide with atoms, creating thermal
energy (heat). On average, they attain a fixed
velocity. This steady flow of charge is called a
direct current. A direct current that flows in a
conductor flows uniformly through the entire
conductor cross-section (not only on the sur-
face).

In a DC circuit, energy flows due to the inter-
play of electric and magnetic fields. The energy
transfer occurs through the interplay of the
electric field (due to the presence of charged
particles) and the magnetic field (due to the
motion of charged particles). It is not current
that delivers the energy to the load, but rather
electrons moving through the copper create
both fields, facilitating the energy transfer.
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Designers often mislead themselves when
they talk about a DC voltage rail. It tends to sug-
gest that the currents that ICs draw from the DC
rail are DC currents, when in fact, with modern
digital electronics, they are actually quite pow-
erful high-frequency currents plus a DC compo-
nent, which is why we must be careful to decou-
ple our power supply rails properly to control
emissions. Thicker traces reduce the skin effect
and minimize losses at AC, while a thicker trace
at DC allows for freer movement of charged par-
ticles and thus reduces emitted heat.

Key Points

» One must appreciate the difference
between the lumped element view and
that of distributed circuits.

o At high frequencies, the diameter of a con-
ductor affects how efficiently it absorbs
energy from electromagnetic waves. A
larger conductor diameter allows for more
efficient energy absorption.

o If the conductor has a small diameter
(compared to the wavelength of the inci-
dent wave), the induced currents are lim-
ited, and the energy absorption is reduced.

« The energy carried by an electromagnetic
wave is directly proportional to the square
of its amplitude.

 Energy/signal traveling down a conductor
is actually the speed of the electromagnetic
wave, not the movement of electrons.

o The EM wave traveling along (guided by)
the copper trace forms a type of wave-
guide.

« The electric field of a conductor extends
to the return conductor, which is usually
closely coupled to the signal trace.

» Even though DC signals are typically asso-
ciated with steady currents, their electro-
magnetic fields still propagate at the same
speed as other electromagnetic waves.

o When a DC voltage is applied to a trans-
mission line, it generates a magnetic field,
which in turn creates an EM wave along
the line.
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o In the case of DC, a constant electric field
creates the flow of electrons through a
conductor pair, creating a constant
magnetic field. This magnetic field then
generates an electromagnetic wave.

e Electric and magnetic fields are present
around any electrical circuit, whether it
carries AC or DC electricity.

o It is not current that delivers the energy
to the load, but rather electrons moving
through the copper create EM fields,
facilitating the energy transfer. DESIGN007

Resources

- Beyond Design: “The Wavelength of Electro-
magnetic Energy” by Barry Olney

« Fast Circuit Boards, by Ralph Morrison

« “Physics Stack Exchange,” Physics Forum

« Wikipedia: Speed of electricity

« “How are DC signals perceived as EM waves?”
by Keith Armstrong

» University Physics Vol 2, Samuel J. Ling, et al
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Keys to Successful
ECAD-MCAD Collaboration

Feature Article by Stephen V. Chavez
SIEMENS EDA

As PCB designs grow in scope and complex-
ity, collaboration between the electronics and
mechanical domains is a necessity. At the same
time, smaller IC packages and more tightly
packed PCBs compel electronics system
development companies to think more about
the mechanical form factor of items and recog-
nize the importance of collaboration between
MCAD and ECAD.

For example, as PCB designs face tighter
requirements, problems resulting from elec-

tromechanical interference are becoming
more common. Handling these kinds of prob-
lems across disciplines requires real-time col-
laboration—facilitated by automated tools and
flows—and synchronized data.

An integrated ECAD/MCAD collaboration
environment enables electrical and mechani-
cal design teams to work together throughout
the entire design process in real time, shar-
ing cross-domain information incrementally
and as changes occur. In this way, ECAD and

l %

Figure 1: As PCB designs face tighter requirements, problems resulting from
electromechanical interference are becoming more common.
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MCAD collaboration allows teams to stay
synced and spot and correct errors or issues
as they occur.

What are some of the specific reasons that
efficient and effective ECAD/MCAD collabo-
ration is so important? First, it increases pro-
ductivity by enabling what-if scenarios while
allowing ECAD engineers and MCAD design-
ers to co-design in their native environments.
Second, it supports a shift left of various design
and verification tasks. Instead of having to wait
for the physical part, teams can start these
activities earlier in the design phase. Third,
because the design intent is verified through-
out the product development process, it helps
designers achieve first-pass success by avoid-
ing rework due to electromechanical issues
that might crop up later.

Finally, new multi-domain collaboration
tools enable teams to establish and main-
tain a digital thread and a digital twin of their
designs and products, shortening development
time, and facilitating correct-by-construction
design.

Efficient collaboration between the ECAD
and MCAD domains enables both to optimize
an electronics design within tight form-factor
constraints while still meeting quality, reliabil-
ity, and performance requirements.

For successful electronics and mechani-
cal collaboration, it’s important that the two
domains have knowledge about the current
state of the other. The design tools must have
the capability of communicating with the other
domain.

Whatisneeded for successful collaboration is
a process that reliably automates the collabora-
tion within the design tools, allowing designers
to focus on the task at hand and not spend time
worrying about whether the other domain has
the right information. All the time that design-
ers are focused on making collaboration work
and doing that checking, they’re not concen-
trating on the core task at hand. Collaboration
needs to be highly automated, and teams must
be able to have this collaboration instantly and
on the fly vs. waiting until the end. It is para-
mount that each domain has the confidence
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Figure 2: The exchange between ECAD and MCAD should be seamless,
so data passed between them remains consistent.
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that the other has the latest content to ensure
that product development progresses in a syn-
chronized way.

The most successful organizations tend to
take a model-based design approach. Model-
based design transforms the systems engi-
neering approach from document-centric
to model-centric. System engineers develop
models of the system instead of documents,
thus enabling the most accurate and compre-
hensive digital twin.

The model-based design methodology
also supports concurrent electronics PCB
and mechanical design. This is an integrated
approach to design and verification that elimi-
nates redundancy and rework across design
disciplines. It helps reduce design iterations
through product validation in the virtual
domain instead of waiting for physical proto-
types. Reducing physical prototypes has a dra-

matic effect on cost and development cycle
time.

Mechanical and electronics co-design is an
integrated approach to electronic systems
and product design that helps speed product
development by getting electromechanical
projects right the first time. Efficient collabo-
ration between ECAD and MCAD domains
enables both to optimize their electronics
designs within tight form-factor constraints
while still meeting quality, reliability, and per-
formance requirements. DESIGN007

Stephen V. Chavez is principal
technical product marketing
manager with Siemens EDA
and chairman of PCEA.

Robots Au Chocolat for Dessert?

Robotic food could reduce electronic waste, help
deliver nutrition and medicines to people and ani-
mals in need, monitor health, and even pave the
way to novel gastronomical experiences.

In the perspective article, RoboFood, authors
analyse which edible ingredients can be used to
make edible robot parts and whole robots, and dis-
cuss the challenges of making them. “We are still
figuring out which edible materials work similarly to
non-edible ones,” says Floreano. For example, gela-
tine can replace rubber, a chocolate film can protect
robots in humid environments, and mixing starch
and tannin can mimic commercial glues.

“There is a lot of research on single
edible components like actuators, sen-
sors, and batteries,” says Bokeon Kwalk,
a postdoc in the group of Floreano and
one of the authors. In 2017, EPFL scien-
tists successfully produced an edible
gripper, a gelatine-made structure that
could handle an apple and be eaten
afterward. EPFL, IIT, and the University
of Bristol recently developed a new
conductive ink that can be sprayed on
food to sense its growth. The ink con-

tains activated carbon as a conductor, while Haribo
gummy bears are used as a binder. Two edible bat-
teries connected in series can power a light-emitting
diode for about 10 minutes.

“But the biggest technical challenge is putting
together the parts that use electricity to function,
like batteries and sensors, with those that use fluids
and pressure to move, like actuators,” says Kwak.
After integrating all components, scientists need to
miniaturise them, increase the shelf life of robotic
food... and give robots a pleasant taste.

(Source: EPFL)
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McCauley Design Group
Spreads the CAMM2 Gospel

Feature Interview by Andy Shaughnessy
I-CONNECT007

At PCB East, I met Charlene McCauley and
Terrie Duffy of the McCauley Design Group.
The duo was leading a class on designing with
the new CAMM?2 DDRS5, a JEDEC specifica-
tion and standard created by Dell, which is due
to replace the aging SO-DIMM in laptops. The
CAMM2 (Compression Attach Memory Mod-
ule) is solderless and frees up lots of real estate
that SO-DIMM famously requires.

Now that CAMM?2 is a standard, other com-
panies are ready to take advantage of this tech-
nology, and Charlene and Terrie are in demand
as speakers. I asked them to take me through
their work with CAMM?2 and what it means to
motherboard designers.

Andy Shaughnessy: You had a full house for
your class, and the attendees are still talking
about it. Tell me about the groundbreaking

stuff you’re covering here at the conference.

34 DESIGNOO7 MAGAZINE | JULY 2024

Charlene McCauley: The attendees were won-
derful. This class was about designing with
DDRS and adopting the CAMM?2 compression
connector. Now, CAMM2 has become a world
standard for DDRS memory. We are part of
the development team that has done CAMM?2,
and now we’re out presenting and sharing the
knowledge that we’ve gained over the past four
years.

Will you give me some background on the
company?

McCauley: 1 started the McCauley Design
Group in 2015 in Austin, Texas. I had been laid
off from Dell, so I called Tom Schnell, now a
senior engineer at Dell and who we’re work-
ing with and asked if he needed any help. Tom
is one of those inventors who has all the new
future ideas. I ended up starting McCauley
Design Group, and we became his team. Tom






Charlene McCauley

is the chair of the CAMM2 committee for
JEDEC, as well as the inventor of the specifi-
cation. He has been our engineer, and we've
been his designers—his hands for creating this
future technology.

I've been teaching at Austin Community
College for nine years. Terrie was one of my
students, and I hired her six years ago. She was
a great student, and with
her background in num-
bers and programming, I
asked her to work for me.
She’s the main one doing
the constraints, design-
ing, and everything, but
her numbers background
helps us be successful as a
team doing cutting-edge,

L]

futuristic stuff. §§

I have also “adopted” ®e.

some of my other PCB .8.8.8.8 8 8.8 ¢ 8 & 88
. o 0 o 0 o 0 0 O
design students; they work 2626200000000 0000

with us for as long as pos-
sible, maybe six months
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to a year. I'll help them find jobs with bigger
corporations where they can learn from those
designers. All I provided was more knowledge.

Adopting your students is a great idea.
So, Terrie came on board, and she has been
the “fixer” for your company, so to speak.

McCauley: Yes. I've been trying to show Ter-
rie what I know after being in PCB design for
44 years. I've done all different types of boards
in all different industries. In one presentation
I attended here at PCB East, the instructor
talked about going from light table to CAD,
and I was there. I did that, and it wasn’t easy.
But CAD got adopted, in my mind, because
it was still colorful and visual, and it also sped
up my process. With CAD, it was easy to make
changes. That whole experience gives me a
positive feeling about AI right now because I
know AI will not take over our jobs. But you
have to make it easier, more productive, and
visual for a designer to use.

Walk us through how your work with

CAMM_2 came about and your class on
designing with CAMM_2.

McCauley: Two years ago, we were at PCB
West, and at that point, we had been working
on DDRS for two years. I thought everybody
was doing DDRS, but I found out they weren’t.




I was sitting in Rick Hartley’s class, and he was
talking about trying to route four DRAMS
together and fixing the clock. This was Dell
proprietary, and I thought, “What can I say?”
Then, I looked at my phone, and I found that
everything was online. There was even a pic-
ture of it. So, I spoke up and said, “We’re put-
ting 64 DRAMS on one board, and it’s work-
ing.” Everybody went into shock.

What are the advantages of the CAMM2?

McCauley: Tt allows for high-speed DDRS to be
closer to the CPU. The CAMM?2 connector sits
next to the CPU. Then you have these CAMM?2
modules for all the different capacities from
16GB to 128GB and even higher. Your routing
is short and provides short distances for high-
speed lines.

This is a replacement for SO-DIMM. On a
motherboard, SO-DIMM clogs up the board.
If you put SO-DIMM on the board, you can’t
route past it; you have to route around it. There’s
not a lot of routing space. The CAMM?2 module
is about the same length as a CPU and can be
placed close to the chip. Your high-speed routing
is short. The memory modules just plug down
through the CAMM?2 connector to the mother-
board. The CAMMS2 sits up off the board a little
bit, and you can put parts under or around it.
There’s no soldering in the connector, and the
memory module is attached by compression.
That opens the door for the high speeds.

Terrie Duffy: The SO-DIMM has been around
for years and is reaching a speed threshold—
a maximum speed it can hit before it starts
having more issues.

McCauley: With CAMM?2, we’re already
talking about DDR6.

Duffy: CAMM?2 became a JEDEC stan-
dard in December. It’s now an open standard.

McCauley: So, as far as standards, you have
DDRS, and you have LPDDRS, which is low
power DDRS. Micron just published their ver-
sion of the board.

Terrie Duffy

So, you two basically drove this design?

McCauley: Well, we helped to drive it. It was
our starting design. Most of the CAMM?2 mod-
ules were designed and built by my team. We

created the footprint, helped with the stan-
dard, and built the board.

Duffy: It’s an open standard. This was kind of
a conglomeration, because anything JEDEC
involves several companies combining their
ideas.

McCauley: If you want to adopt this, you can
go to JEDEC, just like with any other con-
nector, and you can build these boards. We're
also here to help with that process. We have a
lot of knowledge to help a company get into
CAMM2. We're providing this to Dell, but now
that it’s become a world standard, we’re here
to help others. We've been working with the
big names as we’ve been going through this
process. That’s why we’ve decided to start
speaking.

This is our first presentation. We will be teach-
ing at PCB West and maybe PCB Carolina.
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We’re just opening that door to start shar-
ing. Normally, as a service bureau, you don’t
get to share, so this was a new avenue for
me. It’s the first time that I actually can speak
about it, so that’s how I geared my class. I
shared my knowledge to get the attendees
excited about PCB design and as quickly as
possible so they would get out and want to do
it. We really need more PCB designers, espe-
cially younger ones.

You’re based in Austin, but are you originally
from Texas?

McCauley: No. I lived in Oklahoma, doing
down-hole tools, and I got laid off when

that company closed. I moved to Austin and
worked for Dell in the server division.

Was getting laid off a blessing in disguise?
McCauley: It was. When I started McCau-
ley Design Group, I was doing low-power
server work. Then Tom moved to Dell, and
we became a Dell
vendor. Since then,
we’ve been work-
ing on all kinds
of feasibility
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for them. I provide training to the interns
who visit and work with Dell. I train the new
engineering hires; I teach them how to use

the tools and start laying out and doing feasi-
bility.

I think you’ll have full classrooms when you
teach CAMM_2 design.

McCauley: You know, it’s nice to be pre-
senting and hearing what other designers
are doing. As I said, a lot of designers still
haven’t worked with DDRS; they're still on
DDR3 or DDR4. It’s amazing that we get to
be pioneers in this CAMM2 DDRS5 adven-
ture. I think more vendors will start producing
cards on their own. We have a lot of knowl-

edge that we can share and help remove some
of that stress.

Thank you both for speaking with me.
I’'m sure we’ll talk in the fall at one of the
conferences, and you can give us an update.
McCauley: Thank you,
Andy. I enjoyed talk-
ing with you.

Duffy: We'll talk
soon. DESIGNOOT
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PCB Design and IPC-CFX
for Assembly Automation

Designers Notebook

Feature Column by Vern Solberg, CONSULTANT

Surface mount technology (SMT) is a manu-
facturing process that, through the application
of a wide range of small outline components,
provides capability to design a printed circuit
with higher component density. The assembly
process offers the user a means of efficiently pro-
ducing electronic products in high volume with
robotic assembly processing. The circuit board
designer can serve a vital role in developing a
surface mount configured product that will be
prepared for efficient assembly processing.

The thing is, we may not know whether the
product will be produced in low or high vol-
ume, so the best suggestion is to “think posi-
tive” and anticipate a design ready for assem-
bly automation, one that will conceivably be
processed on an in-line system using convey-
ors to shuttle the board from one machine to
the other.

Surface mount assembly processing is a
sequence of events that involves a wide range of
component types (passive and active, coarse-
pitch, fine-pitch, BGA, CSP), many requiring
specialized systems and strict process con-

Board Solder
Loader Printer

High-speed
Chip Placers

trols. Looking from the top, Figure 1 furnishes
the basic “print-place-solder reflow” process
sequence for a conveyor-linked surface mount
assembly line.

Planning for Robotic Assembly

Processing

The robotic systems developed for SMT
applications are very efficient for the tasks
they were designed to do, but getting them to
function as a unified system when setting up
the assembly line with equipment from mul-
tiple sources was a very complex task. This
was because many companies developing
these systems relied on different programming
methods, often software that was proprietary
to only the equipment they produced.

To streamline the process for integrating all
functions of the assembly process, users needed
to have a plug-and-play solution that simplified
and standardized machine-to-machine com-
munication. With the cooperation between
the equipment developers and IPC member
companies using these systems, the Connected

Fine Pitch
Placement

Solder Reflow Board
System Unloader

o

H:tgq; : od

Figure 1: Basic process flow for SMT assembly.
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Factory Initiative Subcommittee was formed.
The ultimate goal of the subcommittee was to
develop software tools that relied on a single,
comprehensive, agreed-upon language and
data set for all machine types.

The Connected Factory Exchange (CFX)
was born: “Implementing CFX eliminates need-
less machine interface development costs, elimi-
nates the need for middleware and reduces time,
risk, and costs for solution deployment.”™

SMT Assembly Sequence

Step one: Solder deposition is the process of
printing a precise volume of solder paste onto
the land pattern features of individual com-
ponents. The base material commonly used
to prepare the stencil is a thin stainless-steel
sheet. Land pattern features are laser cut using
a program developed directly from the circuit
board design file to form the openings for sol-
der paste transfer. Solder alloy compositions
selected for surface mount assembly typically
combine tin and silver or tin, silver, and copper
(Sn/Ag/Cu). The Sn/Ag/Cu combination has
become the alloy of choice for a broad number
of commercial electronics assembly applica-
tions. The so-called SAC alloys provide excel-
lent solder joint reliability, fatigue resistance,
minimized copper dissolution rates, and all
elements within the compound comply with
IPC, JEDEC, RoHS, and REACH lead-free
(Pb-free) soldering standards.

To enable precise alignment of the sten-
cil and circuit board, two globally positioned
fiducial targets will be provided on the cir-
cuit board’s surface. To accommodate camera
access for stencil-to-board positioning, these
target features will be partially etched into the
bottom surface of the stencil panel.

Step two: Component placement employs
robotic systems with vacuum pickup nozzles,
using the coordinates and orientation furnished
in the PCB design file to sequentially pick up
each component from a carrier and place it
onto the designated land pattern feature on
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the circuit board’s surface. Placement systems
have taken on a modular approach, with larger
and smaller components assigned to different
modules that are appropriately tooled. When
circuit boards have a high quantity and wide
value range of small passive components, two
or more modules may be required.

Because most surface mount components
are passive resistors and capacitors, the
machine selected for assembly of these devices
is likely to implement a high-speed “chip
placer,” reserving the slower but significantly
more accurate placement system for mounting
the larger, high I/0 lead-frame and BGA semi-
conductor packages, the smaller fine-pitch
BGA devices, and even WLCSP (face-down
bumped die elements).

Placement system selection criteria:

e Number of components

o Number of component values or types
o Component complexity (fine-pitch)

o Placement accuracy and repeatability

Although component placement speed is
important, assembly systems may have differ-
ing levels of accuracy. The more complex and
significantly heavier semiconductor devices
will have a slower cycle time and will require
vision capability to ensure component-to-land
pattern alignment accuracy.

The following criteria for component place-
ment accuracy will influence assembly system
selection:

e Passive devices: 70 micron

e Small outline ICs: £70 micron

e Fine-pitch ICs: £40 micron

e BGA and FBGA: 40 micron

e Flip-chip/WLCSP: £20 micron

As passive components become smaller and
terminal pitch on semiconductor packaging
shrinks, placement accuracy will be even more
critical and precise.

Step three: The last step of the surface mount
assembly sequence is the solder-reflow pro-






cess. In this process, the circuit assembly is
gradually heated to the temperature where the
solder composition becomes liquidus, com-
pleting the joining of component terminals to
the circuit land patterns.

The four primary methods used for solder
termination of surface mount components in
medium- and high-volume production opera-
tions are:

e Convection dominant reflow
e Infrared (IR) reflow

e Conduction transfer

o Wave solder

The convection-dominant solder-reflow pro-
cess is favored by many high-volume manu-
facturers. These systems have been developed
for in-line solder processing, transporting the
circuit board (with placed SMT components)
through a series of heat zones and progres-
sively converting the deposited solder paste to
a liquidus state. The temperature of the assem-
bly will gradually rise upward to a peak tem-
perature between 240°C and 260°C, promoting
wetting between the components’ terminals
and the circuit board’s land patterns.

Preparing for Conveyor Board Transfer
Placement systems commonly have belt
conveyors to transfer the board through each
stage of the assembly process. The belt system
supports the board or panel on two edges.

!

Key factors that will influence assembly sys-
tem compatibility:

o Board thickness (thin boards may require
a smaller panel)

» Weight of components (may require
support)

e Maximum board outline limit
(machine dependent)

Panel development: From a process effi-
ciency standpoint, multi-unit panels can
increase line throughput, sometimes signifi-
cantly, by allowing simultaneous parallel pro-
cessing of multiple circuit boards, especially
during stencil solder paste printing, reflow-
solder processing, and, when required, post-
process cleaning operations.

During the planning stage of the board
design, the designer will be responsible for
recognizing the conveyor edge keep-out zones
and, when developing the two-sided SMT cir-
cuit board, observing the maximum height
profile for components mounted on the bot-
tom surface of the circuit board.

When developing the panel for conveyor han-
dling, the designer must extend the width of
the panel to prevent physical contact between
component elements and the conveyor trans-
port mechanism. The panel detailed in Figure 2
represents a typical circuit board outline for con-
veyor transfer between the systems.

. N S Keep out zone
'e'e = (for conveyor
I— ................... | transfer)
5.0mm |_ - |
(.200") | H
: |
| H
i |
! | Non-plated
Global | |_ """"""" - tooling hole
Fiducial i : 3-4 places
2-3 place‘;\“\ |_ ....................... J /
> — .
VR ————————— 1 P ¢ —&e'_ +—— Keep out zone

Figure 2: Panel layout with tooling holes and global fiducial features for solder deposition.
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The goal is to ensure a smooth, unencum-
bered flow from one system to the next. The
5.0 mm wide “Keep out zone” noted in the
detail represents the surface area of the panel
reserved for conveyor transfer mechanisms.
Tooling holes are to be located near the cor-
ners of the panel. Because these holes are
reserved for post-assembly processing, they
must be specified on the fabrication detail as
“non-plated.” The non-plated tooling holes
may also be used during the electrical testing
of the assembled unit(s) and later, during the
de-panel operations.

Fiducial targets: Most of the systems
developed for surface mount assembly have
a built-in vision system that can identify key
features on the circuit board’s surface. There
are “global” fiducial targets and features desig-
nated as “local” fiducial targets. Global fiducial
targets are to be located in areas outside the
component mounting zone. These target fea-
tures are initially used to enable precise align-
ment of the solder stencil to the surface mount
component’s land patterns.

Fiducial targets are small-diameter copper
features formed during the final circuit etching
process. The size of the fiducial target (Figure 3)
can range from 0.5 mm to 1.0 mm in diam-
eter. To allow unobstructed access for vision-
assisted solder paste and component place-
ment processes, the fiducial must be clear of
solder mask coating. The solder mask opening

\

S
N4

0.5mm —1.0mm
diameter

N

Figure 3: Fiducial target example.

will be two to three times the diameter of the
fiducial target profile to ensure vision system
recognition.

Following solder paste printing or solder
paste deposition, these same global fiducials
will serve as the 0-0 reference for the precise
X-Y location for robotic SMT component
placement.

Additional fiducial targets located within
the component’s mounting zones are often
required to assist in accurate placement of the
more complex semiconductor packages. For
example, two or more fiducial targets may be
needed near the mounting sites for “fine-pitch”
semiconductors (BGAs, CSP, flip-chip), par-
ticularly those with ball terminal centers less
than 0.4 mm. These local fiducial targets may
also be furnished in close proximity to a group-
ing of micro-passives (0201s, 01005s, and
smaller devices).

When possible, review the fiducial target
locations with the assembly process engineer
and those responsible for assembly system
program development.

In developing the optimum multiple-unit
panel dimensions for assembly processing, the
designer must first consider minimizing mate-
rial waste while maximizing assembly process
efficiency. Medium to large system-level circuit
boards can be designed as a single rectangular-
shaped unit or panel typical of that shown in
Figure 2. This format will enable efficient in-
line conveyor transfer of the smaller circuit
board as well, but the circuit board’s laminate
material must be extended away from the basic
board outline in order to furnish a more uni-
form panel-like format. The uniform panel
outline facilitates efficient conveyor transport
of the multiple unit panels between assembly
systems.

To further maximize assembly process effi-
ciency for the irregular-shaped circuit boards,
the designer can better utilize material by alter-
nating the orientation of each board to create a
uniform panel format typical of that shown in
Figure 4.
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Figure 4: Panel processing small and/or odd-
shaped PCBs.

Small, thin, rigid circuit boards, carrier-
backed flexible circuits, as well as rigid-flex cir-
cuits, are ideal candidates for panel processing.
The following five examples represent com-
mon multiple-unit panel layout variations:

« Single row format (side by side of uniform
shaped boards)

« Nested single-row format (alternating
sides)

o Simple array format (row and column
layout)

e Nested array format (maximizing area
utilization)

» Opposing orientation array format
(minimizing material waste)

Note: The final configuration of the multiple-
unit panel will require input from the circuit

board manufacturer (supplier) and the assem-
bly process specialists (user) responsible for
producing the end product. From their input,
the designer can prepare the documentation
showing the agreed-upon panel configuration.

In closing, the circuit board design special-
ist will find that the IPC-CFX standard means
that the factory and circuit board designer can
be fully “connected” through the CAD system
used in developing the circuit board and all
the machines and software used in the assem-
bly process. For more details regarding CFX
protocols, visit IPC to learn more about how
IPC-2591 is enabling “plug and play” IoT com-
munication across the manufacturing envi-
ronment, where all equipment, manufactur-
ing processes, and transactional stations can
communicate without the need for specialized
software. DESIGNOOT
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Taking the Stand at Your
Own Design Review

Target Condition
by Kelly Dack, CIT, CID+

It can be risky to take the stand in your own
defense during a trial. You never know what
could get brought up, and you might not be
prepared. In PCB design, ignorantia juris non
excusat (“ignorance excuses no one”). No one
is above the laws set by the “court” of design
for performance, manufacturability, and test
(DFX).

Let’s lay out some of the facts of this case.
First, the PCB design industry is constantly
changing, as new designers don’t
know what they don’t know, and
old-timers think that no one
knows as much as they
do. How can this range
of PCB designers oper-
ate under the PCB
design system I’ve
suggested?

While  everyone
makes mistakes, per-
fection in the PCB
design and manufactur-
ing industry is found within
our industry standards, which
provide the foundation for mea-
surable producibility. These standards define
what is acceptable and non-conforming
regarding material, process, part, or assembly
performance and have been developed by a
wide cross-section of industry representation.

Yet, we’ve all had experiences when people
break the rules. I've broken my fair share as
well. We admit our mistakes, learn the rules,
and move on. However, some are unwilling
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to learn and admit error. They just don’t care
about established standards and expect the
entire industry to adjust and revolve around
them. In their own eyes, their designs are per-
fect. They don’t break the design rule checks
(DRC) because they never set them. That’s a
big difference.

Sins of Commission
Can you imagine a designer selfishly releas-
ing a PCB layout and CAM data
solely to meet a schedule with-
out having incorporated
all the requirements
defined by a project
team? This could
be considered a
sin of commission:
unconcerned  with
robbing fellow proj-
ect stakeholders of
their capability to
perform their project

steps for success.

Then imagine a PCB
designer making conces-
sions to a fab supplier—per-
haps due to a design error—
without informing the rest of the
team. After working for many decades in the
PCB design and manufacturing industry, I've

seen this happen a lot.
When a manufacturing stakeholder
sends an engineering query to a PCB designer
stating that features on a design are impossible







to manufacture in volume without some re-
design, it’s not a hoax or because the system
is rigged. It is because very advanced systems
of CAM auditing have compared the layout
geometry and details to established capabili-
ties calibrated to common standards (design
laws) set up in established manufacturing
communities.

What would you think about a PCB designer
responding to a supplier with such arrogance,
exclaiming that these omissions happen all the
time and, thus, the claims are invalid? They
might even maintain there is nothing wrong
with the design. Would you want to add
someone like this to your PCB
design development team? Of
course not.

Sins of Omission

If you’re like me,
you’ve had many
opportunities to
learn by doing dumb
things, then find-
ing out later that you
screwed up and who
was affected by it. One
thing that comes to mind
was about 30 years ago when I
created an edge card pattern only
to get the “A” and “B” side number-
ing reversed. The rework is so painful that you
only make this mistake once. The engineers
made me cut the erroneously flipped edge card
connector of the PCB and build an adapter to
reverse the connections on the prototypes so
they could continue testing the entire system.

My point is that we admit our failures or
omissions, learn from them, and move on. It’s
not always easy, though. I work for an EMS
provider, and our VP of engineering likes to
ask engineering candidates about one of their
major design failures, what it affected, and
what they learned. It’s refreshing when a job
candidate is transparent about being human
and humble enough to admit errors and share
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lessons learned. We’ve often followed up those
interviews with healthy discussions about how
the implementation of formal team design
reviews provides an opportunity to seek out
peer review and compare notes prior to blow-
ing something up.

The Formal Design Review:

Be Transparent and Forthcoming

Best practices in PCB design methodologies
show us that the best way to avoid the legal
pitfalls of non-conformance challenges is to
perform a design review with all project stake-

holders. Soliciting buy-in and con-
currence prior to design release
is a proven method for success
as it allows all stakehold-
ers a respectful oppor-
tunity to accept or
reject the project
outputs as deliver-
ables. The practice
spreads accountabil-
ity across the entire
project team. Most
importantly, a formal
design review prior to
investing large sums of
money for manufacturing
services and tooling is insur-
ance that all phases of devel-
opment have been reviewed by
appropriately qualified subject mat-

ter experts.

Not everything goes perfectly at a formal
design review, so just be open. It can be an
opportunity to gain more insight or ask for help
before proceeding. Transparency is key. In a
courtroom, prosecutors are known to make
mincemeat of defendants whose stories don’t
add up, who demonstrate incompetence, are
full of excuses, and blame others for failures.

However, if you’ve done your best to ensure
your PCB layout has met the design and manu-
facturing constraints, you don’t believe you've
broken any rules, and you've consistently



stayed in touch with your project stakeholders
throughout the course of the layout, you are
ensuring you won’t be put “on trial” for negli-
gence or coverups.

So, be transparent: Show the status of your
layout and how it meets the identified design
constraint criteria.

The Defense Rests

The ideal PCB project stakeholder is a sub-
ject matter expert of “sound mind and charac-
ter,” worthy of their title and pay. You want to
be known as a communicative, collaborative
team member who is always learning
and evolving, sometimes invent-
ing, and able to lead by experi-
ence but willing to follow.
When called upon for
a PCB design review,
you can eloquently
defend the design
decisions made
without insulting
others or under-
mining the process.
You easily articu-
late the detailed steps
taken to ensure that
the needs of every project
stakeholder have been met.
You present sound evidence,
showing concurrence with each stakeholder
along the process steps of the design. You
will defer to other teammates for explanations
on issues that are outside your own expertise
but acknowledge ownership of the entire com-
pleted layout.

The Verdict

How was your last PCB design review? If you
only reviewed the design yourself or maybe
with another EE, there’s a good chance your
layout may be subject to a future indictment for
DFX non-conformance, negligence, or worse,
by the time your project manager releases it to
production. When your team of project stake-

holders wants to know why so many competi-
tive production facilities cannot build your
printed circuit board and assembly—or why it
continues to fail in the field—will you have the
means to defend your layout?

Please take early identification of design con-
straints and manufacturing capability buy-in
seriously. If you need to, turn over a new leaf.
The only time a PCB designer should ever hear
the term “lock ‘em up” is at the conclusion of
the final, formal design review. “Locking” or
“freezing” is part of formal design protocol,
ensuring the critical features won’t inadver-

tently change after each stakeholder
has been thoroughly convinced
the PCB rules of DFX “law”
have been followed.
On a good day, the
final PCB design
review with your
peers should con-

clude something
like this:

Program man-
ager: “Project stake-
holders, you have
heard the evidence and
have been informed of

the project timeline, costs,
risks, and design and manu-
facturing expectations. What is
your verdict?”

Fabrication supplier: “Materials,
fab, and inspection documentation easily meet
DFM requirements. Lock ‘em up!”

Test engineers responsible for ICT: “We
have 100% accessibility to all nets with ade-
quately sized and spaced test points. Lock ‘em
up!”

EEs responsible for performance and sig-
nal integrity: “Lines look great and simulate
within spec. Lock ‘em up!”

MEs responsible for package form and
fit: “Mechanical attributes meet all interface
requirements; no interference. Lock ‘em up!”
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Supplier management responsible for
BOM sourcing: “All parts on order, no short-
ages. “Lock ‘em up!”

Program manager: “Congratulations PCB
designer. This jury of your project peers has
found your layout in total conformance on all
counts pertaining to the laws of DFX. You are
free to begin your next design after locking up
your approved design data attributes and out-
putting and releasing fresh CAM data.”

Let us all perform our PCB engineering
duties with character, integrity, and respect

and make every effort to consider the needs
of our valuable project stakeholders in parallel
with our own. DESIGN007

Kelly Dack, CIT, CID+, provides
DFx centered PCB design and
manufacturing liaison expertise
for a dynamic EMS provider in
the Pacific Northwest while also
serving as an IPC design certifi-
cation instructor (CID) for EPTAC.
To read past columns, click here.

Exploring the Ultrasmall and Ultrafast
Through Advances in Attosecond Science

A team of scientists at the Department of Energy’s
SLAC National Accelerator Laboratory are develop-
ing new methods to probe the universe’s minute
details at extraordinary speeds.

In previous research, researchers developed a
way to produce X-ray laser bursts which are sev-
eral hundred attoseconds (or billionths of a billionth
of a second) long. This method, called X-ray laser-
enhanced attosecond pulse generation (XLEAP),
allows scientists to investigate how electrons zip-
ping around molecules jumpstart key processes in
biology, chemistry, materials science and more.

Now, led by SLAC scientists Agostino Marinelli
and James Cryan, the team has developed new
tools to use these attosecond pulses in ground-
breaking ways: the first use of attosecond pulses
in pump-probe experiments and the production of
the most powerful attosecond X-ray pulses ever
reported. The experiments, conducted at SLAC’s
Linac Coherent Light Source (LCLS) X-ray free-elec-
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tron laser and published in two articles in Nature
Photonics, could revolutionize fields ranging from
chemistry to materials science by offering insights
into the fastest motions inside atoms and molecules.

In the first development, researchers introduced a
novel approach to conducting “pump-probe” exper-
iments with attosecond X-ray pulses. These experi-
ments, aimed at measuring ultrafast events shorter
than a trillionth of a second, involve exciting atoms
with a “pump” pulse followed by probing them with
a second pulse to observe resultant changes.

The second development concentrated on gen-
erating high-power attosecond pulses using a
technique known as “super-radiance,” achieving
power levels of nearly one terawatt. This process
involved a cascading effect in an X-ray free-electron
laser, significantly amplifying the pulses’ power. The
heightened intensity of these pulses allows scien-
tists to explore unique states of matter and witness
phenomena occurring at even shorter time scales.

“These are the
most powerful atto-
second X-ray pulses
ever reported. The
intensity of these
pulses allows us to
explore entirely new
regimes of X-ray
science,” Marinelli
said.”

(Source: SLAC)
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manufacturing helpmates to improve, facili-
tate, or make the manufacturing process safer
and more productive.

Perhaps flexible circuits are most popular
simply because they are flexible and allow the
designer to design and manufacture in two-
dimensional space and then use the product in
all three dimensions, either statically to seam-
lessly form fit into a box or product contour, or
dynamically as might be required in the case
of hinged or gated aperture that allows for
rework, repair, or modification of the circuits
interconnected by the flex circuit. In these
cases, the designer must have some knowl-
edge and apprecia-
tion of not only
the needs for the \\
electrical inter-
connections but also
the mechanical require-
ments of the circuit to make
sure the assembly will not
suffer an untimely failure due
to work hardening and metal-
lurgical failure from overuse or inattention
to such things as copper ductility and “I-beam-
ing.”

I-beaming refers to the design for manu-
facturing steel beams used in the construc-
tion of buildings, which in cross-section look
very much like the capital letter “I” or “H,”
and provide superior strength-to-weight form.
While good for general mechanical construc-
tion such as a building, in a flexible circuit, that
strength is typically undesirable, especially in
bend areas, and the designer needs to under-
stand and appreciate that in the design process.
This can be problematic in some cases where
the designer is concerned with managing the
characteristic impedance of a design; having a
signal in specified proximity to a ground layer
can create conflict if the reference pair must be
bent. It can be accommodated to some degree
if recognized and reacted to.
Anotherareaofincreasinginterest in the past
decade or so has been wearable mechatronic
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Another area of increasing

interest in the past decade
or so has been wearable
mechatronic hardware...

hardware designed to improve the lives of
those debilitated by disease or injury. Referred
to generally as exoskeletons, these products
are wearable devices designed to support or
augment the natural movements of the human
body. While they came to the attention of the
general public through science fiction movies

such as “Alien,” they first found application in
fields like the construction industry and mili-
tary.

Such products are also finding use or are
being proposed for many health-related uses.
One example is physical rehabilitation, where
mechatronic exoskeletons assist individuals

in their return to physical

health. Another would be

to provide assistance to the

growing elderly population

with the mundane activi-

ties of daily living,

/ such as walking, eat-

, ing, climbing stairs

etc. Such mecha-

tronic devices could be

augmented with stabilizing gyroscopes to

reduce fall risk, monitor the individual’s

biometrics and generally enhance quality of
life for older adults.

There is arguably a third hat that could be
tossed into the mechatronic equation and
that is the matter of thermal management in
design because of the steady increase in power
demand and consumption by electronic prod-
ucts. It has been somewhat a “tit for tat” of spi-
raling challenges over the years where, when a
designer has figured out a way to make a prod-
uct use less energy and run cooler, the product
developer sees it as a license to run the product
faster and hotter. Thus, it is important that the
designer pays attention to and accommodates
the “getting the heat out” of their mechatronic
design. Thermal management experts observe
that with heat, it must “all go back to air” in
some fashion, so determining the best way to
facilitate that in the design will be increasingly
important in the years to come if we continue



down the path we are collectively on. Fortu-
nately, there are lots of solutions bubbling up.
(See my ideas on how to integrate thermal
solutions into aluminum rigid-flex designs in
my short book “Solderless Assembly For Elec-
tronics.”)

In summary, mechatronics is, in essence, a
multidisciplinary field of design and manu-
facture that combines elements of mechanical
engineering, electrical/electronics engineer-
ing, computing, and motion control engineer-
ing to design and create intelligent systems for
a never-ending stream of products that serve
to make our current and future lives better,
safer, and more enjoyable. DESIGN0O7

Joe Fjelstad is founder and
CEO of Verdant Electronics
and an international author-
ity and innovator in the field
of electronic interconnection
and packaging technologies
| with more than 185 patents
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past columns or contact Fjelstad, click here.
Download your free copy of Fjelstad’s book
Flexible Circuit Technology, 4th Edition, and
watch his in-depth workshop series “Flexible
Circuit Technology.”

Photonic Chip Integrates Sensing and
Computing for Ultrafast Machine Vision

Researchers have demonstrated a new intelli-
gent photonic sensing-computing chip that can pro-
cess, transmit and reconstruct images of a scene
within nanoseconds. This advance opens the door
to extremely high-speed image processing that
could benefit edge intelligence for machine vision
applications such as autonomous driving, industrial
inspection and robotic vision.

Edge computing, which performs intensive com-
puting tasks like image processing and analysis on
local devices, is evolving into edge intelligence by
adding artificial intelligence (Al) driven analysis and
decision-making.

“Capturing, processing and
analyzing images for edge-
based tasks such as auton-
omous driving is currently
limited to millisecond-level
speeds due to the necessity
of optical-to-electronic con-
versions,” said research team
leader Lu Fang from Tsinghua
University in China. “Our new
chip can perform all these pro-
cesses in just nanoseconds by
keeping them all in the optical
domain. This could be used to
significantly enhance, or even
replace, the traditional archi-

tecture of sensor acquisition followed by Al post-
processing.”

“The chip and optical neural network could boost
the efficiency of processing complex scenes in
industrial inspection and help advance intelligent
robot technology to a higher level of cognitive intel-
ligence,” said Wei Wu, co-first author of the paper.
“We think it could also revolutionize edge intelli-
gence.”

The challenge in performing both image acqui-
sition and analysis on the same chip in the optical
domain is finding a way to convert the free-space
spatial light used for imag-
ing into an on-chip guided
light wave. The researchers
achieved this by designing a
chip that consists of a sensing-
computing array of dedicated
designed ring resonators that
convert a free-space optical
intensity image—a 2D repre-
sentation of a scene’s light
intensity—into a coherent light
signal that can then be guided
on the chip. A micro-lens array
enhances the process by
focusing the scene onto the
OPCA chip.

(Source: Optica)
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Flevate Your Career With
Technical Skills Training

Article by Kelly Allen
IPC

Countless working individuals across the
globe seek employment opportunities that
foster personal and professional growth.
According to Gallup research, 87% of millen-
nials—the largest working generation in the
U.S.—emphasize the importance of profes-
sional development and career advancement
opportunities. Are you one of them?

IPC collaborates with seasoned industry
professionals to offer top-tier, skill-based edu-
cational programs. Delivered by expert instruc-
tors with over 25 years of experience in the
electronics industry and teaching, they convey
the necessary concepts and skills to produce
designs compliant with IPC standards, guide
the development process, and satisfy complex
customer demands.
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IPC partners to assist professionals in assess-
ing their career goals and identifying the neces-
sary skills to achieve them. Our online courses
offer technical knowledge covering the elec-
tronics industry, surrounding critical aspects
from design and manufacturing to assembly
and testing. IPC is your pathway to expanding
your capabilities and enhancing your career by:

o Strengthening your expertise and
broadening your impact within the
electronics industry

 Keeping abreast of relevant industry
topics to remain competitive

« Empowering yourself to excel in your
current role

« Continuously enhancing your skills






As an industry leader in PCB design courses,
IPC instills core design competencies, allow-
ing you to demonstrate your understanding in
a variety of courses, including Introduction to
PCB Design I and II, PCB Design for Radio
Frequency Boards, PCB Design for Rigid-flex
Boards, PCB Design for Military & Aerospace
Applications, and PCB Advanced Design Con-
cepts.

Additional course options feature a fabrica-
tion troubleshooting class, a Certified Elec-
tronics Project Management program, and
an extensive spectrum of manufac-
turability, assembly, and
data analytics courses. @
Whether you’re a sea-
soned professional or a @
newcomer, our courses
are tailored to meet your
goals and the competencies
required to realize them.

IPC’s Hot New IPC Summer Session

IPC recently launched three cutting-edge
online instructor-led courses to empower elec-
tronics industry professionals. These courses

are available on IPC’s online education plat-
form, IPC EDGE.

Counterfeit Electronic Parts Mitigation in
High-reliability Organizations: This course
equips professionals with the necessary skills
and knowledge to detect, prevent, and miti-
gate the risks associated with counterfeit elec-
tronic parts in mission-critical and lifesaving
supply chains by providing practical strategies
to safeguard supply chains in the healthcare,
transportation, defense, and aerospace sec-
tors.

This four-week course, led by industry
expert Anthony J. Bryant, delves into proactive
requirements for procurement and disposal,
reducing lead times, fewer product recalls and
warranty claims, and prevention of costly field
failures and liabilities. It also aims to increase
compliance for operational efficiencies.

60 DESIGNOO7 MAGAZINE | JULY 2024

As an industry
leader in PCB design
courses, IPC instills core
design competencies.. @

Technical Overview of the Semiconduc-
tor Chip Industry: This course offers a com-
prehensive understanding of the semiconduc-
tor industry, covering everything from essen-
tial semiconductor components to advanced
fabrication processes and failure analysis. This
three-week course is tailored to provide an
engaging and accessible learning experience for
individuals with varying levels of knowledge.
With over 30 years of experience in the electron-
ics and semiconductor industry, Cheah Soo Lan
brings a wealth of practical knowledge. As an
accomplished engineering manager,

she imparts real-world insights
and best practices.

Microvia  Electroplat-

ing: In this course, partic-

ipants will concentrate on

® four main challenges for

fabricating reliable micro-

vias: strong interface at the

copper target pad, generating no

voids in the electrodeposited copper, improv-

ing uniformity in the copper plating across the

panel, and reducing microvia rework cycles.

Dr. Despina Davis, who has 20 years of experi-

ence in the field and multiple highly-rated pub-

lications, will address the influence of plating
quality on the reliability of microvias.

Also launching this summer, international
Hall of Famer and IPC APEX EXPO presenter
Dr. Jennie Hwang shares decades of academic
and industry experience in a three-course
curriculum on “Reliability of Electronics,”
designed to help participants deal with the
most challenging issues in production yield
and high-reliability products. Details of the
course include:

Role of intermetallic compounds: Partici-
pants will gain a broad understanding of the
background science and practical applica-
tions of Intermetallic compounds in electron-
ics assembly and the key role IMCs play at the
chip, package, and board levels.
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Skunk Works Demonstrates Al For

Air-To-Air Tactical Intercepts

Lockheed Martin Skunk Works partnered with
the University of Iowa’s Operator Performance
Laboratory (OPL) to demonstrate the use of
artificial intelligence (AI) in air-to-air intercept
scenarios. The successful flights are a significant
milestone for Skunk Works’ Tactical Al team,
in which AI directly flew and conducted tacti-
cal exercises with a full-scale, live aircraft — one
of OPL’s L-29 Delfin jets.

NASA’s Roman Mission Gets Cosmic
‘Sneak Peek’ From Argonne

Supercomputer

Researchers are diving into a synthetic universe
to help us better understand the real one. Using
the Theta supercomputer at the U.S. Depart-
ment of Energy’s (DOE) Argonne National
Laboratory in Illinois, scientists have created
nearly four million simulated images depicting
the cosmos.

RTX Awarded $677M US Navy Contract
for SPY-6 Family of Radars

Raytheon, an RTX business, was awarded a
$677 million contract to continue to produce
AN/SPY-6(V) radars for the U.S. Navy. Under
this contract, the U.S. Navy will receive seven
additional radars, increasing the total amount
of radars under contract for procurement to 38.

Northrop Grumman Extends
Operations, Sustainment and

Support for BACN to 2027
The U.S. Air Force awarded Northrop Grum-
man Corporation a task order for continued

64 DESIGNOO7 MAGAZINE | JULY 2024

75) MilAero007 Highlights

Battlefield Airborne Communications Node
(BACN) operations, sustainment, and support
through January 2027. BACN enables com-
munication and data interoperability between
disparate systems, platforms, and sensors.

Redwire Awarded DARPA Prime Contract
for SabreSat Spacecraft Very Low-Earth

Orbit Demonstration

Redwire Corporation, will be the prime mis-
sion integrator for the Defense Advanced
Research Projects Agency’s (DARPA) devel-
opment of a revolutionary air-breathing sat-
ellite that will demonstrate the use of novel
electric propulsion systems in very low-Earth
orbit (VLEO). The program leverages Red-
wire’s worldwide leadership in developing and
providing VLEO capabilities.

Lockheed Martin Celebrates Opening Of
122,000-Square Foot, $18M Engineering

Facility In North Alabama

Lockheed Martin, U.S. Department of
Defense, state and local officials celebrated
the opening of the company’s new $18 million
engineering facility, labs, and demonstration
center in Huntsville.

Bell Awarded Funding for Phase 1B of
DARPA Speed and Runway Independent

Technologies (SPRINT) X-Plane Program
The SPRINT program intends to design,
build, and fly an X-Plane, an experimental
aircraft to demonstrate enabling technologies
and integrated concepts necessary for a trans-
formational combination of aircraft speed and
runway independence for the next generation
of air mobility platforms.
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Navigating the Intricacies
of PCB Drilling

Connect the Dots

by Matt Stevenson, SUNSTONE CIRCUITS

Welcome to another leg on my quest to share
best practices associated with designing PCBs
for the reality of manufacturing. In a recent
episode of the On the Line with... podcast,
we discussed the critical role of drilling in the
board manufacturing process. That is the sub-
ject of this article.

Drilling can be one of the most complex
and tricky steps in the manufacturing process.
Designers need to be aware of how to craft
their designs to avoid problems during drilling
that can drive up costs and increase the risk of
board performance issues.

Done with the chemical messiness,

we put holes in the board. Almost.
Drilling happens after lamination in the mul-
tilayer PCB board manufacturing process.

Once the lamination process is complete, we
have what we call a book: a stack of core lay-
ers manufactured into a multilayer PCB. At
this stage of production, epoxy has squeezed
out from between the layers and the edges are
sharp and brittle.

Before drilling can begin, we have to clean
the panels and flash around the edges in order
to restore the panel’s perfect rectangular
shape with smooth edges that are safe to han-
dle. Not unlike using a router in a wood shop,
we put the panels on a mechanical router,
rout around the edges, and restore the correct
panel size.

After that, we verify registration for all those
layers, wherever they are in the book. With
copper on the top and bottom of the multilayer
board, we can’t see what’s already been done,
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so we need a method to align the holes with
images now hidden by the copper.

We use a test board called a coupon to cre-
ate drill targets for each layer, anticipating that
the coupon holes match what is in the rest of
the board. The drill is programmed to aim for
those targets on every layer and, using an X-ray,
calculate best fit for all locations on each layer,
hitting all connections and missing clearances.

The drill team, like the designer, has to bal-
ance constraints. That is why we consult design
notes that can help us with tolerances and drill
bit sizes. The more help the designer gives us in
the notes, the better we can assess tolerances
during the drill process and make good con-
ducting vias.

If it seems like a lot of things can go wrong
when drilling a multilayer board, thatisbecause
it can. Which brings us to the most important
part of the drilling process: Prep.

Sound preparation is at
the heart of drilling.

As with much of PCB design and manufac-
turing, drilling is both a science and an art
form. The process requires more than just
cutting-edge equipment. To get the job done
right, you need experience and expertise in
every aspect of production. Both are key to
properly preparing to drill holes in boards.

Take the hole sizes on the print as an exam-
ple. We can’t just drill at the size on the print
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because, after plating, the hole will be smaller.
Adding copper decreases the diameter of the
hole so we need to know the amount of copper
and surface finish applied at end of the process.
A good CAM department will account for any-
thing that goes in the hole and adjust the hole
size to account for this, thus ensuring the drill-
ing process finishes with the proper tolerances.

There should also be an open and ongoing
conversation with the designer to remove any
uncertainty about instructions in the notes.
Designers should be prepared to answer ques-
tions about hole sizes, vias, and through-hole
components, just to name a few.

In addition to the complexities related to
design, the drilling process itself offers intangi-
bles. Books aren’t 100% rigid. The inner layers
will skew and stretch, creating movement. The
drill team has to predict how panels will move
so when we drill, it will be accurate. Think of
it like a layer cake with frosting in the middle.
Things squish around when you mash them
together.

This is where the cohesion between the
CAM team and the drill team comes into play.
The CAM team is responsible not just for iden-
tifying the right size bit for the drill machine,
but also for predicting layer behavior. The drill
team uses the information provided by CAM
to align the drill to the inner layers to ensure a
functional circuit leaves the drill department.

But before we start drilling, we have to
make a sandwich. When panels are piled atop
each other in drill stacks, we place an alumi-
num entry material on the top and a phenolic
material on the bottom of the stack. The top of
the sandwich helps dissipate heat and, at the
drill point, gives the device a foothold to drill
straight. If the material is slick or hard, the bit
can skate on the surface before it goes in the
board, meaning it can deflect from the target
point or go in diagonally, which is clearly not
optimal.



There is also a back-up material on the bot-
tom that the drill goes through. Going back in
time to high school wood shop again, drilling
boards is like drilling wood. If there’s no pres-
sure on the back of the board when the drill
comes out, the wood splinters and creates a
volcano. It’s the same for boards. Drill move-
ment will blow out the back, so a sacrificial
piece of material is critical.

A guide on the top
and a catch on the \\
bottom makes for a
crisp and accurate hole.

It’s a delicate balance
between drill bit size and

panel thickness.

Drill bits are really small. An 8-mil bit is
thinner than a human hair, so too much lateral
pressure can break it or cause a deflection. The
relationship between panel thickness and drill
hole size is what we call aspect ratio. For exam-
ple, a 10-mil drill on a 100-mil board creates a
hole aspect ratio of 10 to 1.

How far can you throw?

The term throw refers to how deep you can
plate into the aspect ratio called out in the
design. How much copper can you get to the
center of the hole vs. the knee or surface? If
the board is too thick for your hole, there is an
increased chance of weak connections or no
connection at all. Copper expands and con-
tracts a lot, and a thin spot can fracture with
exposure to heat. If your board makes it to
assembly with thin spots in one or more con-
nections, as it thermal cycles through its use-
ful life, there can be reliability issues and even
field failure.

Fewer layers mean there will be less risk of
throw issues. With a board of four to six layers,
there are rarely throw issues, but how many
layers is too many? It depends on the manufac-
turer. If you keep your design at or below the
10 to 1 example, most fabricators can accom-

Fewer layers mean
there will be less risk

of throw issues.

modate that using their standard drilling pro-
cess.

There is more to consider than just

aspect ratio.

The board complexity plays a role as well.
For a complex design, there could be as many
as 25,000 via holes on one panel and take as

many as eight hours on the drill

machine. As a designer, if

you call out 8-mil and 12-mil

holes, and they’re spread

out, that creates the need for

a longer drilling process.

If there is more dis-

tance between holes,

there is more time spent

moving and less time spent drilling. The

same can be said for multiple hole sizes.

Every time we have to change a bit during
drilling, everything stops.

We encourage designers to consider the
drilling process carefully and optimize their
designs to make it more efficient. If, for exam-
ple, vias can be combined to a singular size, we
spend less time on drill setup and bit changes.
Designs with fewer hole sizes and similarly
sized holes grouped together are cheaper to
produce and yield better results.

Drilling is a critical part of the manufactur-
ing process. Hole quality needs to be great and
getting there starts with a design optimized for
drilling. DEsiGNo07

Matt Stevenson is vice presi-
dent and general manager

of ASC Sunstone Circuits. To
read past columns, click here.

Download Matt’s book, The

Printed Circuit Designer’s
Guide to... Designing for

Reality and listen to the podcast here.

You can view other titles in the I-007eBooks library.
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UHDI Fundamentals:

UHDI for RF Microwave Applications

Article by Anaya Vardya
AMERICAN STANDARD CIRCUITS

Ultra high-density interconnect (UHDI)
technology has significant potential for RF
(radio frequency) microwave applications. Its
advantages lie in its ability to provide high-
density routing and integration, which are cru-
cial for complex RF circuits. Here are three key
UHDI benefits in RF microwave applications:

1. Signal Integrity

In RF applications, signal integrity is para-
mount. UHDI facilitates controlled imped-
ance routing, reducing signal loss and ensur-
ing reliable transmission of RF signals. UHDI
improves signal integrity in the following

ways:
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e Controlled impedance routing: UHDI

allows for precise control over the imped-
ance of transmission lines, which is crucial
for maintaining signal integrity in RF
circuits. Controlled impedance ensures
that signals propagate with minimal
reflections and distortion, especially at
high frequencies.

Reduced crosstalk: UHDI enables dense
routing of transmission lines while mini-
mizing the spacing between them. This
reduces the likelihood of crosstalk, where
signals from adjacent traces interfere with
each other, thus preserving the integrity
of individual signals.

Optimized via placement: UHDI facili-
tates strategic placement of vias (vertical
interconnect access) to minimize signal







distortion and reflections. By optimizing
via placement, signal paths can be kept
short and impedance transitions can be
managed effectively, reducing signal
degradation.

High-frequency performance: UHDI
substrates are designed to support high-
frequency operation, typically with low
dielectric loss and low dispersion charac-
teristics. This ensures that RF signals can
propagate efficiently without significant
attenuation or distortion, maintaining sig-
nal integrity across the frequency
spectrum.

Shielding and grounding: UHDI designs
can incorporate shielding layers and effi-
cient grounding techniques to minimize
electromagnetic interference (EMI) and
maintain a clean RF environment. Proper
shielding and grounding help prevent
external noise from degrading signal
quality.

Signal integrity simulation and model-
ing: Advanced simulation and model-

ing tools are available for UHDI designs,
allowing engineers to analyze signal
integrity characteristics such as imped-
ance matching, reflection coefficients, and
insertion loss. These tools enable design-
ers to optimize layouts for optimal signal
integrity performance.

Thermal management: Thermal issues
can impact signal integrity in RF circuits,
particularly at high power levels. UHDI
designs can incorporate thermal manage-
ment techniques such as thermal vias and
heat sinks to dissipate heat effectively,
ensuring stable performance of RF
components.

Low loss materials: UHDI substrates can
utilize low-loss dielectric materials that
minimize signal attenuation and phase dis-
tortion, particularly at high frequencies.
This ensures that RF signals maintain their
integrity as they propagate through the
circuit.
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2. Improved Performance

The compact layout and optimized routing
achievable with UHDI can lead to improved
performance parameters such as lower inser-
tion loss, better isolation, and higher band-
width, all of which are essential in RF micro-
wave applications. With UHDI, the distance
between components can be minimized,
reducing interconnect lengths. This is critical
in RF microwave circuits to minimize signal
degradation and interference. UHDI improves
performance in the following ways:

e Integration of multiple functions: RF
systems often require integration of
multiple functions, such as amplification,
filtering, and modulation/demodulation.
UHDI enables the integration of these
functions within a smaller space, simplify-
ing system design and assembly.

e Reduced signal loss: UHDI enables
shorter signal paths and optimized trans-
mission line routing, resulting in reduced
signal loss. With minimized trace lengths
and controlled impedance routing, sig-
nal attenuation is minimized, leading to
improved overall performance. This also
results in reduced crosstalk and improved
isolation between different circuit
elements, enhancing overall system
performance.

e Enhanced bandwidth: By facilitating
precise control over impedance and mini-
mizing signal reflections, UHDI supports
the transmission of signals over a broader
bandwidth. This is essential for applica-
tions requiring high data rates or operating
across a wide frequency range.

e Higher frequency operation: UHDI
substrates are designed to support high-
frequency operation with low dielectric
loss and minimal dispersion. This allows
RF circuits implemented using UHDI
technology to operate at higher frequen-
cies without significant degradation in
performance.
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YOUNG-PROFESSIONALS SERIES—

Alex Burt: From Internship to Innovator

Interview by Nolan Johnson
I-CONNECT007

Five years ago, we spoke with recent college
graduate Alex Burt, who was just stepping into
the professional world. Now, we catch up with
Alex as he reflects on hisjourney and the strides
he’s made within the tech industry, particularly
in his role at WiSA Technologies in Beaverton,
Oregon. Alex dives into the realms of software
engineering, project leadership, and PCB
design, sharing insightful professional experi-
ences, the impact of his computer engineer-
ing degree from George Fox University, and
the evolution of his career—from enthusias-
tic graduate to a senior role where innovation
meets practical challenges head-on.

Nolan Johnson: Alex, we met in 2019 when
you had just graduated. What have you been
up to since then?
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Alex Burt: At the time, I was doing my
internship at a company named Summit
Semiconductor, now known as WiSA Tech-
nologies. When I graduated, I moved into a
full-time role at the company, where I remain
today.

How has your role changed over the
past five years?

I was originally hired as a software engineer
in charge of a new feasibility project, which
ended up being really successful. Shortly after,
I was promoted to senior software engineering
lead. Now, I officially lead a team and pursue
projects for them. I've led different projects,
but they typically involve new hardware or
some type of novel feature.






Alex Burt

That sounds like a fun role.

We’re constantly working with new technolo-
gies and, for cost reasons, always trying to find
the most inexpensive hardware to run our sys-
tems. Low-cost embedded systems involve
many challenges. There are always problems to
solve and new features to develop.

We met because there was some hardware
design in the curriculum for your degree.

Exactly. Dr. Gary Spivey teaches an electri-
cal engineering course called Embedded Sys-
tems Design at George Fox, which was my first
introduction to PCB design. We created a real-
life PCB, and that process was very helpful and
something I still cherish.

When | worked for a PCB fabricator, it was

fun to watch all the student designs come
through our shop.

It kickstarted my knowledge of successfully
designing PCBs. Without that class, it would
have taken much longer for me to develop
enough PCB design skills to create a working
board professionally.
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The class also taught me that I have a pas-
sion for design. Even before I started making
PCB designs professionally, it became a hobby
after graduating. I have an inventory of about
10 different PCB designs that I’ve done for
personal projects, which also taught me more
and helped me in the professional realm. If not
for this experience, my employer would have
just selected somebody else for the project.
But why give it to someone who’s never done
it before?

How did that student project compare to the
first project assigned by your employer?
There were some similarities but a lot of dif-
ferences. In class, there’s just not enough time
to review the more niche design features on a
board. At my work, we often develop RF appli-
cations for wireless connections. Whether it’s
WiFi or Bluetooth, careful consideration is
given to the actual design of the circuit, the
board, the layout, and everything else when
those features are on the board. For example,
grounding is crucial in RF applications. Signal
integrity and noise suppression typically aren’t
a concern in more basic applications, but it is
a big deal for RF because it can significantly
impact performance. Niche things like that
obviously aren’t covered in that class, but my
coworkers helped me through it.

Do you feel like you’ve mastered that design
methodology now?

Yes. I know what to pay attention to and the
considerations to apply in the design.

What’s the most challenging board you’ve
ever done?

The most challenging board personally is my
latest creation. This board has many features,
including a piezo buzzer, which is like a basic
speaker. It just buzzes, but you have to send
a digital signal to it from the microcontroller.
The microcontroller is doing two other func-
tions: WiFi, which is RF, so you have noise
considerations; and it’s also reading high-pre-



cision analog data from two ADCs (analog to
digital converters), which take in a signal from
external sensors. All these different signals—
both analog and digital—are involved. It’s dif-
ficult to keep noise levels down and maintain
accurate readings on the analog signal, in addi-
tion to using the buzzer, which can also create
electrical noise.

On the power side, the digital microcon-
troller and all the digital components use 3.3
volts, but all the analog components use 5
volts to achieve a higher dynamic range from
the readings. Keeping the analog and digi-
tal ground planes separate is important for
eliminating digital noise in your analog signal,
as that can mess with your readings. With all
those considerations, it took a long time to
develop the design, but it’s paying off because
it’s working as expected.

Alex, looking back on college, do you ever
wish these things had been covered in
school?

I would say the class should cover not only
learning the PCB design software, but actu-
ally getting the board back from the fabrica-
tor, soldering your own components on it, and
then debugging the board. That’s as much as
you could ask for in a basic PCB design course,
which George Fox excelled at. Your board may
not work like you expect it to, because it’s the
first design you ever do, so the debugging pro-
cess is really important.

Dr. Spivey emphasized that if something
were to go wrong, we would need features in
the design to make it physically fixable after
you get the board. He definitely wanted us to
make sure the board was debuggable.

That might include adding vias or debug
points on the board, or bringing all your 10
pins out to headers accessible to a logic ana-
lyzer, allowing for soldering a wire from one
place to another, or adding a resistor some-
where. Otherwise, if you get that board back
and it doesn’t work, there are few options but
to throw it in the trash.

In my career now, that process taught me
that cost is so important for boards expected
to be mass-produced. Every component mat-
ters, whether it’s just one extra capacitor or
one extra diode. It’s not only the component
that adds cost, but the addition to the layout
and physical placement. For example, let’s say
speaker wires need to be connected to your
board. In most applications, the wires can be
soldered directly to the board. You don’t need
the modular functionality you get from having
connectors, which comes with additional cost.
Of course, as a debug feature, it would be great
to have, but not needed in a mass-produced
product. Those connectors could be 50 cents
each, and that adds up quickly.

How do you feel about your career choice

at this point?

I absolutely feel like this was a calling. From
a young age, I was interested in electronics,
computers, and software. As far as being in this
industry, these are things that I'd be doing no
matter what. If I were to retire tomorrow, I'd
still be doing this, even if I wasn’t getting paid.

Alex, what advice do you have for current
college students?

My advice is to at least dabble in those fields
you might be interested in. You won’t know if
you don’t try it. I've been doing this since mid-
dle school, so I was fortunate, but if you don’t
know, then learn more about it. Do something
hands-on in that field, whether it’s job shad-
owing, taking an introductory class, or talking
with people in the field. It all helps, and it’s all
important.

It’s okay if you don’t get it right the first time.
It’s okay if you need additional education and
training. It’s a lot better than working in an
industry you don’t like for the rest of your life.

Alex, thank you. | wish you continued good
luck in your next five years and beyond.

Thank you, Nolan. It’s been a great opportu-
nity to reflect. DESIGN0O
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Regulatory Review of Renesas’ Acquisition
of Altium Concludes

Renesas Electronics Corporation, a premier supplier of
advanced semiconductor solutions, and Altium Limited, a
global leader in electronics design systems received notifica-
tion from the Committee on Foreign Investment in the United
States (CFIUS) on July 1, 2024 (PDT) that the investigation of the
companies’ proposed merger transaction by way of a scheme
of arrangement is complete and that there are no unresolved
national security concerns with respect to the transaction.

Wild River Technology’s ISI-USB4
Now Supports USB 4.0 Version 2
and DisplayPort 2.1

Wild River Technol-
ogy (WRT), the lead-
ing supplier of signal
integrity measure-
ment and optimiza-
tion test fixtures for
high-speed channels
at data rates of up

to 25G announced
today the availabil- .
ity of a new inter-symbol interference (ISl) loss
modeling capability.

The Collaboration Culture

As the founder
of Trilogy Cir-
cuits, the pro-
vider of design
and assem- .
bly services .

acquired by Zentech, Charlie Capers
understands the value of collaboration.
We spoke with Charlie about the need

for designers to collaborate with all the
downstream stakeholders, the hurdles to
solid communication, and why real collab-
oration (or lack of it) can make or break
your deadline.

Traditional Materials,
High-Frequency Boards?

We asked Ed Kelley, founder of Four Peaks
Innovation and former CTO of Isola, to discuss
how traditional materials have improved and
what this means to PCB designers and design
engineers today.
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Collaboration and Data Management
the Focus of Latest Podcast From
Cadence and I-ConnectO07

[-ConnectO07 is happy to announce the release

of the latest episode in Series 3 of On the Line
With..., now available here and on Apple and
Spotify. In “PCB 3.0: A New Design Methodology—
Data Management,” product engineering expert
Mark Hepburn joins the podcast to discuss the
value of collaboration in the printed circuit board
design and manufacturing cycle.

PCB East Keeps Getting Bigger

The U.S. North-
east’s annual PCB
design and manu-
facturing show
went on hiatus
years ago as sister show PCB West
continued to expand in Silicon Valley.
But PCB East relaunched a few years
ago, and it’'s been growing each year.
Attendance was double from 2022.

Connect the Dots: Designing for
Reality—Lamination and Materials

[ %+ When

arecon) ‘ o Y £65107NG
‘ facturability,

understanding the lamination process can

prevent many headaches and costly delays.

Lamination is a required step in the manufac-

ture of multilayer boards, and preparing for

this step requires a basic understanding of

the materials and processes used. So far,

this column has covered everything from

CAD tools to CAM preparation.

Beyond Design:
Termination Planning

When a transmission line is perfectly
matched to the driver and load, the signals
propagating electromagnetic (EM) energy
are totally absorbed by the load. This is
the perfect scenario that all electronics
designers strive for. However, this is rarely
the case, and reflections do occur when-
ever the impedance of the transmission
line changes along its length. Mismatched
impedance causes signals to reflect back
and forth along the lines, which causes
ringing at the load.

Freedom CAD Ready for
Future With New Leadership

During PCB East, | caught up with
our friend Scott Miller of Freedom
CAD. Scott has been chief operat-
ing officer of the company for quite
a while, but he recently assumed a
new title as new, younger managers
moved up into top leadership posi-
tions. | asked Scott to discuss his
new role, as well as the company’s
move to keep looking at the industry
in novel, fresh ways.

Standard of Excellence:
Looking Five Years Into the Future

The future of the PCB industry
will be based on technology.
As components get smaller,
denser, and more complicated,
PCB fabrication companies

- / | must keep up with their cus-

* tomers’ needs both today and
Anaya Vardya in the future. It is no longer

enough to just keep up with our customers’ current

needs. We must be prepared to meet their PCB
needs three to five years out.

For the latest news and information, visit PCBDesign007.com
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Career Opportunities

3y vGTPCB Inc.

General Manager

VGTPCB Inc. is seeking a full-time general
manager for its Santa Clara, Calif., office.

Responsibilities:

» Develop and lead the company’s strategic
development directions in both domestic
and international markets

« Independently manage a business/sales
division directed at sales efforts in the U.S.

« Present business operation standings to
management; present monthly, quarterly,
and annual reports to the board, vice
presidents, and president

« Make and implement management policies,
and promote policies among all internal
business divisions and company leadership

» Create and maintain unique company
culture to promote great work performances

« Develop and improve the company’s
human resources evaluation processes and
promotion policies

Requirements:

- Master’s degree (or foreign equivalent) in
Business Administration, Management
or related.

» 24 months of experience in the position
offered or any occupation related to job
offered.

» Any experience with:Business intelligence
and data analysis software such as IBM
Cognos Impromptu, Salesforce software,
Oracle Business Intelligence, and Qlik Tech
QlikView; Database user interface and
query software; LinkedIn; Enterprise
resource planning ERP software such
as Oracle PeopleSoft Human Capital
Management.

apply now

schmoll ' america

|
Service Engineer

Join the Schmoll America Team as a Service
Engineer—Where Innovation Meets Customer
Excellence!

Are you a technical mastermind with a passion
for solving complex problems and delivering
exceptional customer experiences? Look no
further than Schmoll Americal!

As a Service Engineer, you'll be the driving
force behind our customers’ success, providing
top-notch technical support and maintenance
services for our PCB industry-leading equipment.

What you’ll do:

« Install, commission, and maintain Schmoll
equipment at customer sites

« Troubleshoot and repair equipment with ease
and precision

« Provide technical training and tailored
applications solutions to customers

What we offer:

« A dynamic and supportive work environment
where your voice matters

« Opportunities for professional growth and
development in a cutting-edge industry

« A competitive salary and benefits package

« The satisfaction of knowing you’re making a
real difference in our customers’ lives

What we’re looking for:

« Engineering degree preferred

« 3+ years of experience in an engineering role

« Strong technical knowledge of electrical and
mechanical systems

« Excellent problem-solving and analytical skills

« Willingness to travel (up to 75%) to customer
sites and HQ in Germany

If you're a motivated professional looking for a
challenging and rewarding role, we want to hear
from you! Please submit your resume and cover
letter to HR@SchmollAmerica.com.

apply now
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Opportunities

AMITRON

PCB Process Engineers
and Field Sales Engineers

Are you passionate about driving
innovation in the PCB industry? At
Amitron, we’re redefining manufacturing
with cutting-edge technology and a
commitment to reinvention. We invite you
to be at the forefront of this revolution.

State-of-the-Art Manufacturing: Amitron
is not just a PCB manufacturing facility;
it's a hub of modernized excellence. Our
advancedfacility is equipped with the latest
technologies, offering an environment
where your expertise can flourish.

Innovative Solutions, Endless
Opportunities: Join our dynamic team
and be part of a culture that celebrates
creativity and forward-thinking.

We are seeking skilled and motivated
Process Engineers and Field Sales
Engineers to join our team. Whether
you’re an experienced professional or a
rising star in the PCB industry, Amitron
values diversity and welcomes the unique
perspectives each team member brings.

Become a pioneer in tomorrow’s PCB
technology with Amitron. Your journey
towards shaping the future of the PCB
industry starts here. Send your resume to
jobs@amitron.com and be a catalyst for
change in PCB manufacturing.

Amitron: Where the future of PCB
technology is shaped by those who dare
to innovate!

apply now

TAIYO

AMERICA
Europe Technical Sales Engineer

Taiyo is the world leader in solder mask products
and inkjet technology, offering specialty dielectric
inks and via filling inks for use with microvia and
build-up technologies, as well as thermal-cure and
UV-cure solder masks and inkjet and packaging inks.

PRIMARY FUNCTION:

1. To promote, demonstrate, sell, and service
Taiyo’s products

2. Assist colleagues with quotes for new
customers from a technical perspective

3. Serve as primary technical point of contact
to customers providing both pre- and
post-sales advice

4. Interact regularly with other Taiyo team mem-
bers, such as: Product design, development,
production, purchasing, quality, and senior com-
pany managers from Taiyo group of companies

ESSENTIAL DUTIES:

1. Maintain existing business and pursue new
business to meet the sales goals

2. Build strong relationships with existing and
new customers

3. Troubleshoot customer problems

4. Provide consultative sales solutions to
customer’s technical issues

5. Write monthly reports

6. Conduct technical audits

7. Conduct product evaluations

QUALIFICATIONS / SKILLS:

1. College degree preferred, with solid
knowledge of chemistry

2. Five years’ technical sales experience,
preferably in the PCB industry

3. Computer knowledge

4. Sales skills

5. Good interpersonal relationship skills

6. Bilingual (German/English) preferred

To apply, email: BobW@Taiyo-america.com
with a subject line of “Application for
Technical Sales Engineer™.

apply now
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Career Opportunities

@ The Test
Connecfion, Inc.
Sr. Test Engineer (STE-MD)

The Test Connection, Inc. is a test engineering
firm. We are family owned and operated with solid
growth goals and strategies. We have an established
workforce with seasoned professionals who are
committed to meeting the demands of high-quality,
low-cost and fast delivery.

TTCl is an Equal Opportunity Employer. We offer
careers that include skills-based compensation.
We are always looking for talented, experienced
test engineers, test technicians, quote technicians,
electronics interns, and front office staff to further our
customer-oriented mission.

- Candidate would specialize in the development
of in-circuit test (ICT) sets for Keysight 3070
(formerly Agilent & HP), Teradyne/GenRad, and
Flying Probe test systems.

- Strong candidates will have more than five years
of experience with in-circuit test equipment.
Some experience with flying probe test
equipment is preferred. A candidate would
develop, and debug on our test systems and
install in-circuit test sets remotely online or at
customer’s manufacturing locations nationwide.

« Proficient working knowledge of Flash/ISP
programming, MAC Address and Boundary
Scan required. The candidate would also help
support production testing implementing
Engineering Change Orders and program
enhancements, library model generation,
perform testing and failure analysis of
assembled boards, and other related tasks.
An understanding of stand-alone boundary
scan and flying probe desired.

- Some travel required. Positions are available in
the Hunt Valley, Md., office.

Contact us today to learn about the rewarding
careers we are offering. Please email resumes with a
short message describing your relevant experience
and any questions to careers@ttci.com. Please, no

phone calls.
apply now

@ The Test
Connection, Inc.

Rewarding Careers

Take advantage of the opportunities we
are offering for careers with a growing test
engineering firm. We currently have several
openings at every stage of our operation.

The Test Connection, Inc. is a test engi-
neering firm. We are family owned and oper-
ated with solid growth goals and strategies.
We have an established workforce with sea-
soned professionals who are committed to
meeting the demands of high-quality, low-
cost and fast delivery.

TTCl is an Equal Opportunity Employer.
We offer careers that include skills-based
compensation. We are always looking for
talented, experienced test engineers, test
technicians, quote technicians, electronics
interns, and front office staff to further our
customer-oriented mission.

Associate Electronics Technician/
Engineer (ATE-MD)

TTClis adding electronics technician/engineer
to our team for production test support.

- Candidates would operate the test systems
and inspect circuit card assemblies (CCA)
and will work under the direction of engi-
neering staff, following established proce-
dures to accomplish assigned tasks.

« Test, troubleshoot, repair, and modify
developmental and production electronics.

« Working knowledge of theories of
electronics, electrical circuitry, engineering
mathematics, electronic and electrical
testing desired.

« Advancement opportunities available.

« Must be a US citizen or resident.

apply now
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Opportunities

. BLACKFOX

Premier Training & Certification

IPC Instructor
Longmont, CO

This position is responsible for delivering effec-
tive electronics manufacturing training, including
IPC certification, to adult students from the electron-
ics manufacturing industry. IPC Instructors primarily
train and certify operators, inspectors, engineers,
and other trainers to one of six IPC certification pro-
grams: IPC-A-600, IPC-A-610, IPC/WHMA-A-620,
IPC J-STD-001, IPC 7711/7721, and IPC-6012.

IPC instructors will primarily conduct training
at our public training center in Longmont, Colo.,,
or will travel directly to the customer’s facility. It is
highly preferred that the candidate be willing to
travel 25-50% of the time. Several IPC certifica-
tion courses can be taught remotely and require no
travel or in-person training.

Required: A minimum of 5 years’ experience in
electronics manufacturing and familiarity with IPC
standards. Candidate with current IPC CIS or CIT
Trainer Specialist certifications are highly preferred.

Salary: Starting at $30 per hour depending
on experience

Benefits:

« 401k and 401k matching

« Dental and Vision Insurance

- Employee Assistance Program
- Flexible Spending Account

« Health Insurance

« Health Savings Account

- Life Insurance

« Paid Time Off

Schedule: Monday thru Friday, 8-5

Experience: Electronics Manufacturing:
5+ years (Required)

License/Certification: IPC Certification—
Preferred, Not Required

Willingness to travel: 25% (Required)

apply now

Prototron
N Circuits

Sales Representatives

Prototron Circuits, a market-leading, quick-
turn PCB manufacturer located in Tucson,
AZ, is looking for sales representatives for
the Utah/Colorado, and Northern California
territories. With 35+ years of experience,
our PCB manufacturing capabilities reach
far beyond that of your typical fabricator.

Reasons you should work with Prototron:

- Solid reputation for on-time delivery
(98+% on-time)

» Capacity for growth

» Excellent quality

» Production quality quick-turn services
in as little as 24 hours

- 5-day standard lead time

« RF/microwave and special materials

« AS9100D

« MIL-PRF- 31032

« ITAR

- Global sourcing option (Taiwan)

» Engineering consultation, impedance
modeling

« Completely customer focused team

Interested? Please contact Russ Adams
at (206) 351-0281
or russa@prototron.com.

apply now
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Career Opportunities

/1RLON

ELECTRONIC MATERIALS

Arlon EMD, located in Rancho Cucamonga,
California, is currently interviewing candidates
for open positions in:

- Engineering
« Quality
« Various Manufacturing

All interested candidates should contact
Arlon’s HR department at 909-987-9533 or email
resumes to careers.ranch@arlonemd.com.

Arlon is a major manufacturer of specialty
high-performance laminate and prepreg
materials for use in a wide variety of printed
circuit board applications. Arlon specializes
in thermoset resin technology, including
polyimide, high Tg multifunctional epoxy, and
low loss thermoset laminate and prepreg
systems. These resin systems are available on
a variety of substrates, including woven glass
and non-woven aramid. Typical applications for
these materials include advanced commercial
and military electronics such as avionics,
semiconductor testing, heat sink bonding, High
Density Interconnect (HDI) and microvia PCBs
(i.e. in mobile communication products).

Our facility employs state of the art
production equipment engineered to provide
cost-effective and flexible manufacturing
capacity allowing us to respond quickly to
customer requirements while meeting the most
stringent quality and tolerance demands. Our
manufacturing site is ISO 9001: 2015 registered,
and through rigorous quality control practices
and commitment to continual improvement, we
are dedicated to meeting and exceeding our
customers’ requirements.

For additional information please visit our
website at www.arlonemd.com

apply now

Are You Our Next
Superstar?!

Insulectro, the largest national
distributor of printed circuit board
materials, is looking to add super-
stars to our dynamic technical and
sales teams. We are always look-
ing for good talent to enhance our
service level to our customers and
drive our purpose to enable our
customers to build better boards
faster. Our nationwide network
provides many opportunities for
a rewarding career within our
company.

We are looking for talent with
solid background in the PCB or PE
industry and proven sales experi-
ence with a drive and attitude that
match our company culture. This
is a great opportunity to join an
industry leader in the PCB and PE
world and work with a terrific team
driven to be vital in the design and
manufacture of future circuits.

apply now

X
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Career Opportunities

MivaTek

Global

Field Service Technician

MivaTek Global is focused on providing a
quality customer service experience to our
current and future customers in the printed
circuit board and microelectronic industries.
We are looking for bright and talented people
who share that mindset and are energized by
hard work who are looking to be part of our
continued growth.

Do you enjoy diagnosing machines and
processes to determine how to solve our
customers’ challenges? Your 5 years work-
ing with direct imaging machinery, capital
equipment, or PCBs will be leveraged as you
support our customers in the field and from
your home office. Each day is different, you
may be:

- Installing a direct imaging machine

- Diagnosing customer issues from both
your home office and customer site

- Upgrading a used machine

« Performing preventive maintenance

« Providing virtual and on-site training

« Updating documentation

Do you have 3 years’ experience working
with direct imaging or capital equipment?
Enjoy travel? Want to make a difference to our
customers? Send your resume to N.Hogan@
MivaTek.Global for consideration.

More About Us

MivaTek Global is a distributor of Miva Tech-
nologies’ imaging systems. We currently have
55 installations in the Americas and have
machine installations in China, Singapore,
Korea, and India.

apply now

s

< eptac

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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Career Opportunities

@ American Standard Circuits

@ Creative Innovations In Flex, Digital & Microwave Circuits

~

CAD/CAM Engineer

Summary of Functions

The CAD/CAM engineer is responsible for reviewing cus-
tomer supplied data and drawings, performing design rule
checks and creating manufacturing data, programs, and
tools required for the manufacture of PCB.

Essential Duties and Responsibilities

« Import customer data into various CAM systems.

« Perform design rule checks and edit data to comply
with manufacturing guidelines.

- Create array configurations, route, and test programs,
penalization and output data for production use.

« Work with process engineers to evaluate and provide
strategy for advanced processing as needed.

« [temize and correspond to design issues with customers.

« Other duties as assigned.

Organizational Relationship
Reports to the engineering manager. Coordinates activi-
ties with all departments, especially manufacturing.

Qualifications

« A college degree or 5 years’ experience is required.
Good communication skills and the ability to work
well with people is essential.

« Printed circuit board manufacturing knowledge.

« Experience using CAM tooling software, Orbotech
GenFlex®.

Physical Demands

Ability to communicate verbally with management and
coworkers is crucial. Regular use of the telephone and e-mail
for communication is essential. Sitting for extended periods
is common. Hearing and vision within normal ranges is help-
ful for normal conversations, to receive ordinary information
and to prepare documents.

apply now
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For information, please contact:
BARB HOCKADAY
barb@iconnect007.com

+1 916.365.1727 (paciFic)
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4

LISTEN NOW! (®)

| BOOkS The Printed Circuit Designer’s Guide to...

Manufacturing Driven Design

Manfactringiiven Design by Maax Clark, Siemens

This book introduces a new process workflow for optimizing your design called Manufac-
turing Driven Design (MDD) and is a distinct evolution from DFM. Manufacturing certainly
plays a critical role in this process change, and manufacturers do certainly benefit from the
improved process, but it is design teams that ultimately own their overall product workflow;
they are the ones who need to drive this shift. Get empowered now!

Designing for Reality

Dzugnmg forlhaluty

by Matt Stevenson, Sunstone Circuits

Based on the wisdom of 50 years of PCB manufacturing at Sunstone Circuits, this book is a

must-have reference for designers seeking to understand the PCB manufacturing process

as it relates to their design. Designing for manufacturability requires understanding the
H production process fundamentals and factors within the process. Read it now!

mwmmw Thermal Management with Insulated Metal Substrates, Vol. 2

by Didier Mauve and Robert Art, Ventec International Group

This book covers the latest developments in the field of thermal management, particularly
in insulated metal substrates, using state-of-the-art products as examples and focusing on
specific solutions and enhanced properties of IMS. Add this essential book to your library.

Flex and Rigid-Flex Fundamentals

by Anaya Vardya and David Lackey, American Standard Circuits
Flexible circuits are rapidly becoming a preferred interconnection technology for elec-
tronic products. By their intrinsic nature, FPCBs require a good deal more understanding

' :_ and planning than their rigid PCB counterparts to be assured of first-pass success.
e

Our library is open 24/7/365. Visit us at: 1-007eBooks.com
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