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Don’t Just Survive, Thrive

If we are to be relevant and prosper during these next critical decades in electronics, we must do
more than survive. As an industry, we can and must thrive. What does it take to remain viable and
grow and prosper during so much change? In this issue, our contributors explore these concepts
meant to help take your business to the next level.
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The Art, Science, and
Reality of Thriving

Marcy’s Musings
by Marcy LaRont, I-CONNECT007

By all accounts, the global electronics indus-
try is thriving and has done so in a relatively
short historical period marked by momentous
technological advancement. Since the inven-
tion of the working transistor in 1947—just 77
years ago—our area of electronics alone has
seen the first printed circuit board, the advent
of plated through-hole technology, microvias
and laser drilling, and printed electronics. Par-
ticularly considering the technology we sup-
port, this technical arc is staggering and should
inspire a sense of accomplishment, apprecia-
tion, and perhaps even awe.

With technology expected to advance at an
exponential pace over the next
20 years, our industry must &
step up to the need for 48
commensurate devel- &
opment, reinvention, '
and expansion. If we
are to be relevant
and prosper dur- |
ing these next crit-
ical decades in elec-
tronics, we must do
more than survive. As
an industry, we can and
must thrive.

What does it take to remain
viable and grow and prosper dur-
ing so much change? It takes resil-
ience, which includes commitment,
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vision, positivity, and a willingness to adapt.
Resilience is key to thriving over the long
term—from an individual to a company, indus-
try, and nation.

Defined as a psychological response to tri-
als and challenges, the primary tenets of indi-
vidual resilience are acute self-awareness, self-
control, good problem-solving skills, and hav-
ing a supportive social network (human con-
nection). Interestingly, positive psychology
(the study of human flourishing) cites mindful-
ness, inner strength, and human connection,
along with a strong sense of gratitude, as being
primary to achieving increasing levels of hap-
piness. These things are often
present in resilient individu-
als and groups.

When I think of cul-
tural  resilience, I
think of my grand-
parents who were
born circa the turn
of the last century,
and lived through
two world wars and
the Great Depression.
In America, they have
been deservedly crowned
“the greatest generation” and
embody resiliency in a way that
their descendants can never fully
understand. That generation collec-



tively possessed a determination and positivity
that we define as “grit,” and which ultimately
resulted in their great professional and finan-
cial success.

Our industry has continuously illustrated
similar resiliency. Necessity is the mother of
invention, and the drive to survive can indeed
lead to thriving, which has been true for our
industry. But the degree of evolution and rein-
vention displayed by our companies over the
last 77 years is impressive, and we should be
collectively proud. Our industry possesses so
many intelligent, optimistic, determined pro-
fessionals who use their vision—and their
grit—to keep moving forward despite the chal-
lenges inherent in a global supply chain.

In this issue, I asked Schmoll America,
American Standard Circuits, and Alpha Cir-
cuit: “What does it mean not only to survive
but thrive?” I know you will appreciate how
they explain what it means to thrive in their
organizations.

Also in this issue, columnist Paige Fiet of
TTM-Logan weighs in on how she’s thriving
in her own life and career, an excellent fol-
low-up to her last column on problem-solv-
ing. Jesse Ziomek of DIS illustrates thriving
through innovation and expansion via auto-
mation, and Alex Stepinski displays the char-
acteristics of ingenuity and reinvention as he
lays out a new model for a much less expen-
sive PCB startup. Our talented columnists
Don Ball, Happy Holden, and Mike Carano
add their intellect to the mix, making thisissue
thrive with abundant value. Finally, I wel-
come Shane Whiteside, representing PCBAA
and Tom Yang with CEE as new columnists
this month.

Here’s to thriving. PcBoo7

Marcy LaRont is the editor of
PCB007 Magazine. Marcy started
her career in PCBs in 1993 and
brings a wide array of business
experience and perspective to
[-Connect007. To contact Marcy,
click here.

GLOBAL CITIZENSHIP:
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 bache-
lor's and master’s degrees in finance at Cal State.
After graduating, | 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 equip-
ment. 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 Americans 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 Amer-
ican business culture to Chinese businesspeople,
especially those in our industry.

To continue reading this column, click here.
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To Thrive, Surround Yourself
with Good People

One World, One Industry

Feature Column by Dr. John W. Mitchell, IPC PRESIDENT AND CEO

At various times in my career, I have been
asked how to be successful or to thrive in busi-
ness. There are many answers to this ques-
tion, which differ depending on the situa-
tion you find yourself in. Some of the basics I
have heard most often include working hard,
staying focused on just a few things, always
doing the right thing—it will ultimately pay
long-term dividends—and many
others.

';; \

S
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But if I could pick just one thing that would
make the biggest difference for your company
and your individual success, it would be to
surround yourself with people who are better
than you are.

Sadly, there are people out there who
find this threatening and who believe that if
the people on their team
are smarter, better, faster
(cue the “Six Million Dollar



SAA

Providing Solutions that Advance the
Manufacturing of Electronic Products

AUTOMATION

* Over 25 years of automation integration experience

* Average of 3,000 units sold per year

e Software implementation and integration for line monitoring and communication
e Scalable automation that grows with plant demand

e Factory trained U.S. Service and parts

SAA IS A PARTNER OF

) | TECHNICA, U.S.A.

technica.com | (800) 654-7078



https://technica.com

¢¢Teams that
have great
players on them
tend to win,
and people
like winners.”?

Man” theme music) than they are, they will
not be around very long. I believe the oppo-
site is true. Teams that have great players on
them tend to win, and people like winners. If
you feel threatened by those you work with,
you should think about how you can improve
to become the best contributor in your area for
your team.

On the other hand, what a great joy it is to
have those around you impressing you with
their dedication, ingenuity, passion, and cre-
ativity. This is not only personally satisfying
but tends to lead to excellent outcomes. When
you get great outcomes, that’s a team worth
investing in.

How do you find such great players to join
your team? Well, that is the real challenge of
this suggestion. It is not just about offering
more money. You need to provide a vision of
where you are trying to go. What is the moun-
tain you are looking to climb? Share how this
person will help to make that daunting objec-
tive a reality. When you get them on board,
you need to clear obstacles from their path
(and those will keep popping up internally and
externally) and then get out of their way.

Clearing obstacles for great employees
means finding ways to ensure that they stay,
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know they are valued, and that you will put the
time and effort into their careers to encour-
age them to continue working for you. One
important key to retaining your best people
is ensuring that you train, retrain, and upskill
them. Loyal and satisfied employees are those
who have the right tools to do their jobs, are
given options for growth within the company,
and feel valued for what they provide to the
company.

If you don’t develop, train, upskill, and offer
pathways for growth to your best people, you
risk losing them. Upskilling provides employ-
ees who have mastered basic skills the neces-
sary new expertise for today’s positions and
jobs. Pathways ensure that employees know
that their job has a path forward and that with
hard work and an openness to learning new
skills, there is a clear track for career growth.

I cannot overstate how important it is to
invest in development and training for your
team. It’s a clear sign that you value them and
that they have an important place in your com-
pany. Building a culture of inclusion, accep-
tance, and lifelong learning will help your
employees grow and improve your bottom
line. Are you truly “seeing” your employees as
individuals and recognizing what they bring to
your organization? Engaged, valued employ-
ees are more productive, and less likely to look
elsewhere for a new job.

Working with great talent makes the tasks
before us—as insurmountable as they some-
times may seem—more approachable and
achievable. When you surround yourself with
great people, you will be pushed to do bet-
ter and greater things. In my book, that is the
secret of success. PCB007

Dr. John W. Mitchell is
president and CEO of IPC.
To read past columns,
click here.
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Are You Ready to Thrive?
Keep an Open Mind

Feature Q&A With Anaya Vardya

Anaya Vardya joined American Standard
Circuits in 2007, and his leadership strategy
has focused on teamwork, technological
advancement, and a strong marketing strategy.
He leans on his extensive industry background
and is inspired by former Intel CEO Andrew
Grove, whose philosophy centered on proac-
tive adaptability and emphasized thriving over
mere survival.

Anaya champions a managementstyle rooted
in trust, empowerment, and change readiness,
ensuring continuous growth and innovation in
the competitive PCB manufacturing sector.
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Anaya, what was your biggest challenge
when you came to ASC, and how did you
manage it?

The company was started in 1988, and I
came in 2007. At that time, we had two facil-
ities shipping about $10 million. The major-
ity of the product was very basic technology.
One of the two facilities also had RF capa-
bilities. However, a majority of that business
was in 4-5 volume part numbers. There was
little or no marketing at that time, and most
of the sales were made word-of-mouth. My
role was to modernize the systems, update
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Anaya Vardya

the technology, and grow the business. I had
previously worked at several larger PCB facil-
ities, such as IBM, UCI Continental Circuits,
Merix, and Coretec, so I had developed a good
experience base that helped me develop a clear
vision of what American Standard Circuits
could be.

We made a change early on: consolidating
the two operations. This was an interesting
experience since one was run like a mom-and-
pop shop, and the other was a MIL-certified
facility. Early on, we needed to navigate the
clash of cultures.

We then worked on improving and growing
our technology. Our first challenge was imple-
menting flex and rigid-flex PCBs. Since then
we have been continuously engaged in improv-
ing our technology offerings.

From your perspective and professional
experience as a business owner, what

does it mean to “not only survive

but thrive?”

That is a phrase we often use at ASC. So often
companies in our industry have been only
focused on survival. Personally, I consider this
a losing game of being reactive instead of pro-
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active. Nothing great comes out of just trying
to survive. When you choose to thrive, it estab-
lishes a vision for excellence and a posture of
constant re-invention. To thrive, a company
has to stay ahead of the pack. They have to be
not only better than the competition but better
for the industry as well. They must always have
a long-term vision.

As you look back, what has been key to
your continuing to adapt and grow your
business? What have you learned?

First and foremost, our success has been
driven by our people. Their teamwork and can-
do attitude have been essential, allowing us to
thrive. Therefore, it is crucial to build a strong
team and cultivate a culture of collaboration
and mutual respect.

Another key factor in our growth has been
technology. As we advance technologically,
we attract more interest, gain more custom-
ers, and see our business expand. We priori-
tize listening to our customers to understand
their current and future needs, and we strive
to meet those needs. By being proactive, we
often let our customers shape our future stra-
tegic directions.

One of the key lessons I've learned is the
value of marketing and the distinction between
sales and marketing. The companies I previ-
ously worked for didn’t emphasize marketing;
they relied on a “build it, and they will come”
approach. However, at ASC, our exponential
growth has been influenced by our extensive
marketing efforts. From value-added content
and newsletters to advertising and publishing
focused e-books, all these activities have sig-
nificantly enhanced our market presence and
overall sales.

What is your philosophy on change
management? Has this changed for you

as a business owner over the years?

I have learned to trust my team. I not only lis-
ten to them, but I also hear them. I solicit their
opinions and ideas, and I incorporate them
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into the company’s vision and strategic direc-
tion. A good manager is only as good as his
team, and the team is only as good as he allows
them to be. I strive to nurture my team to great-
ness. The better they perform, the better our
company performs. Management is all about
empowerment.

What philosophy or role model has been
influential on your management style and
your ability to be resilient?

Andy Grove’s Only the Paranoid Survive pro-
foundly influenced my philosophy by instill-
ing the importance of vigilance and adaptabil-
ity in the face of change. His insights into stra-
tegic inflection points emphasized that com-
placency is a business’s greatest
enemy, and his experiences
taught me that antici-
pating and embracing
change, rather than fear-
ing it, is crucial for sus-
tained success. His prin-
ciple, “Success breeds
complacency, and com-
placency breeds failure,”
became a cornerstone of my
approach, driving me to con-
tinuously innovate and remain
alert to shifts in the environ-
ment, ensuring long-term resil-
ience and growth.

You seem to have a solid grasp of
positioning yourself in a dynamic market.
Please discuss your strategy.

We believe in “Collaborate to Win.” This is
the first thing we tell our customers and our
suppliers. Our marketing campaign is ulti-
mately tailored to educating the industry and
discussing the interactions between designers
and fabricators. The better we work together,
the less painful it is for all parties.

We leverage a robust digital presence, uti-
lizing targeted online marketing campaigns,
social media engagement, and informative
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“ We believe in
“Collaborate to Win.”
This is the first thing we
tell our customers and

our suppliers. 9

content to reach and educate our audience.
Our brand narrative highlights our commit-
ment to innovation, customer service, and
expertise, differentiating us from competi-
tors. By fostering strong relationships with
industry influencers and participating in key
trade shows and conferences, we enhance
our visibility and credibility. This comprehen-
sive strategy enables us to adapt quickly to
market changes, effectively communicate our
value proposition, and maintain a competitive
edge.

What words of wisdom do you have for an
individual or company that wants to thrive
in the coming years?

Have an open mind. Be open to new
ideas and directions. Listen to
your customers; they will
tell you what they want.
Try new things. Fail intel-
ligently. If you are not
making mistakes, you
are not trying enough
new things. Find your
own way. Focus on your
company and your com-
pany’s direction. Do not be
influenced by what you hear.
Do not ever let the news dictate
where your company is going. Always
move forward. Measure and then measure
again. Let the facts—your data—dictate how
your company is doing today and how that will
influence how you will do in the future.
Finally, as the company leader, be strong
enough to listen to and trust your team-
mates but also strong enough to clearly estab-
lish your company’s direction and vision. If
you don’t determine your future someone
else will. pcBoo7
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Processes to Support IC Substrates
and Advanced Packaging, Part 5

Trouble in Your Tank
by Michael Carano, IPC CONSULTANT

Direct metallization systems based on con-
ductive graphite or carbon dispersion are
quickly gaining acceptance throughout the
world. Indeed, the environmental and pro-
ductivity gains one can achieve with this pro-
cess are outstanding. In today’s highly compet-
itive and litigious environment, direct metal-
lization reduces costs associated with compli-
ance, waste treatment, and legal issues related
to chemical exposure. What makes these pro-
cesses leadersin the direct metallization space?
This is detailed below.

The Carbon-based Systems
(Graphite and Carbon Black)

While both are carbon-based materials,
graphite and carbon black have a few differ-

>

20 PCBOO07 MAGAZINE 1 JULY 2024

ences. The graphite process is based on a very
fine and stable aqueous dispersion of synthetic
crystalline graphite. The graphite particle, by
virtue of its crystalline structure, is highly con-
ductive. Carbon black is an amorphous mate-
rial with the ability to conduct current. Both
materials are well-represented in the global
market for printed circuit board fabrication.
So, what makes these two carbon-based pro-
cesses ideal for thin material metallization and
plated through-holes?

Both processes are quite versatile in their
ability to deposit the carbon or graphite on
non-conductive materials. These carbon-
based systems can be likened to a coating tech-
nology; surface topography is not an issue to
adhere to the resin materials.
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This fact is especially important today as the
industry’s material suppliers push the envelope
to produce higher-performance resins and
laminate composites. With each incremental
enhancement in materials properties, such as
coefficient of thermal expansion (CTE), tem-
perature of decomposition (Td), signal integ-
rity, and glass transition temperature (Tg),
these materials become more difficult to pro-
cess. These higher-performance materials are
highly cross-linked and are more chemically
resistant to processes such as alkaline perman-
ganate desmear.

In contrast to the carbon-based systems,
conventional electroless copper requires a
micro-roughened resin surface to effect suf-
ficient adhesion of the copper to the resin. A
precious metal catalyst (most commonly pal-
ladium) is required to bring about the oxida-
tion of formaldehyde (the reducing agent most
commonly used in electroless copper formula-
tions). Essentially, electroless copper is com-
posed of two half-cell reactions, with several
process steps required to provide a void-free
copper deposit. In addition, during the copper
plating process, hydrogen gas has evolved. The
production of hydrogen gas produces bubbles
that can lodge in small diameter through-holes
and blind vias. If the hydrogen gas bubbles are

¢¢If the hydrogen
gas bubbles are
not efliciently
evacuated from the
vias, plating voids
will result.??

not efficiently evacuated from the vias, plating
voids will result. The overall electroless copper
reaction is shown below:

Overall Reaction: Cu(EDTA)2- + 2HCHO + 40H- »
Cu+H2+H20 + 2CHOO- + EDTA4+

Second, the manufacturing cycle time to met-
allize a printed circuit board through a conven-
tional electroless copper process is 45-55 min-
utes. CapEx requirements aside, direct metal-
lization offers faster throughput and, in turn,
reduces energy costs as well as greenhouse gas

Figure 1: Examples of stacked vias.
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Figure 2: The ELIC process.

emissions. Certainly, sustainability should be
on everyone’s list going forward. If one sim-
ply calculates the amount of energy required
to heat process tanks and the time it takes to
process a circuit board through any one pro-
cess, it can be shown that processes that reduce
production time and use less energy will
reduce the carbon footprint and thus green-
house emissions. More on this in a future col-
umn.

Ideal Applications for Direct Metallization

With more emphasis on HDI and ultra HDI,
ease of use and speed are critical operational
must-haves. Advanced packaging is driving
higher densities for IC substrates, interpos-
ers, and product boards. This necessitates the
increased complexity of these boards and sub-
strates with ever finer lines and spaces, multi-
ple sequential laminations, and smaller diame-
ter blind vias. The carbon and graphite-based
direct metallization systems are ideally suited
for these challenges.
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The level of complexity is depicted in Fig-
ure 1. In addition, the every layer interconnect
(ELIC) process is also practiced in the indus-
try (Figure 2).

With proper material selection, the construc-
tions shown in Figures 1 and 2 will improve
long-term reliability and withstand the mul-
tiple laminations required. The key here is to
select materials with low CTE and higher tem-
peratures of decomposition.

The direct metallization process described
in this column will enable faster productivity
through primary metallization in contrast with
conventional electroless copper. Pcoo

Michael Carano brings

over 40 years of electronics
industry experience

. with special expertise in
manufacturing, performance
chemicals, metals, semicon-
ductors, medical devices,
and advanced packaging.
To read past columns, click here.
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Feature Interview by Marcy LaRont
I-CONNECTO007

As we examined what it means to thrive in our
industry, it only made sense to reach out to Kurt
Palmer, president of Schmoll America. The new
business expansion was created from Schmoll
Maschinen to focus on and better serve the
expanding North American PCB market. Pro-
fessionally, Kurt has been in this business for
decades. He explains what thriving looks like
for Schmoll America as the company moves for-
ward into this new venture and what he is most
looking forward to in the years ahead.

Marcy LaRont: Kurt, from the perspective of
you and Schmoll, what does it mean to “not
only survive, but to thrive?”

Kurt Palmer: The PCB industry is mature and
very competitive, as you know. In some ways,
I suppose “thriving” is relative. To me, thriving
means we are thought of by customers asa go-to
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Triving in the GII PC Mart

partner to exchange thoughts and ideas, and we
take those best exchanges and use that knowl-
edge to develop new products with advanced
features. It also means having our eye squarely
on the ball to develop our team into experts
in those areas needed by our customers. That
means a relentless drive to hire and develop our
people. In the end, it means if we stay focused
on the needs of our customers, we should be
around for a long time. Schmoll America and
Schmoll Maschinen are proud to be considered
an industry leader in the segments we serve.

You recently announced Schmoll America as
a distinct business entity, which is a signifi-
cant and strategic business move. What led
to that decision?

Making the decision for Schmoll to come
directly into the North American PCB mar-
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Kurt Palmer

ket was long overdue. We knew by directly
supporting the market, we would be able to
get closer to customers, expand those rela-
tionships, and get that direct feedback needed
to develop our technology, not to mention it
would enhance our direct technical support and
after-sales service. What drove us to make this
decision now is the positive momentum we’re
seeing in the North American PCB market. We
must be well-connected to our customer base
now more than ever.

To this end, in just our first three months,
we’ve added three field technicians with a plan
to hire three more in Q3. We have introduced
our new series of Schmoll Technology Semi-
nars and embarked on our plan to integrate
the Schmoll Germany technical team into the
market alongside the Schmoll America team.
I think the momentum we have internally also
speaks to our thriving.

Professionally, you have seen a lot of change
over the past few decades. How do you feel
about where we find ourselves globally and
in the Americas?

Globally, the PCB market is in a solid position.
Demand for PCBs is expected to grow 4-5%
per year, resulting in a global market of $100
billion by 2030. In the medium term, the U.S. is

28 PCBO07 MAGAZINE 1 JULY 2024

expected to receive more than its share of that
growth, mainly due to the geopolitical winds
blowing our way. In the past 25 years, manu-
facturing has migrated to Asia, mainly China,
and today, less than 4% of boards are produced
in North America. This is the first time in over
25 years that investment in PCB manufactur-
ing is coming back in an impactful way.

As a result, we are seeing sizable investment
in U.S. PCB capacity. I recently spent time in
Washington, D.C., working with PCBAA, ask-
ing for further government support for our
industry. Without exception, every govern-
ment contact we met supports legislation to
bring more manufacturing back to the U.S.
In fact, PCBAA has been able to get co-spon-
sorship commitments from several congress-
men for H.R. 3249. I'm confident that govern-
ment support of the investment into electron-
ics manufacturing will continue as well.

What is your philosophy on change manage-
ment, and has it changed over the years?

Earlier in my career, I’d probably describe my
philosophy toward change management as
non-existent. I was more of a top-down man-
ager focused on day-to-day activities, not look-
ing at the bigger picture. I put little effort into
anticipating changes that, down the road,
might affect the business.

Today, we spend a good deal more time on
continuous improvement and learning. I'd like
to think we are an organization that has trained
our people to look for change, embrace it, and
adapt to it. At the same time, we spend time on
contingency planning every year.

Workforce challenges are a consideration for
most of us right now. Good workers, espe-
cially technical people, are hard to find, and
you do not want to lose the good ones you
have. What are your thoughts on workforce,
and do you have a strategy for recruiting and
retaining talent?

Like most employers, we struggle to find tech-
nical people. Since I joined Schmoll in 2019,
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we’ve been continually looking for people to
join our team. Just when I feel we’re at the right
personnel level, I’'m reminded we’re not, and
we are looking again.

That said, we've been relatively successful in
bringing people on board and retaining them.
There are three key areas we focus on to attract
and retain good technical people:

1. Our job postings are honest. They
describe the most interest-
ing aspects of the posi-
tion, but we are bru-
tally honest about the
downsides, such as
the travel involved.
We insist that a can-
didate take a couple
of days to discuss the
travel requirements
with those people who are
important to them. They need to be part
of the decision, or else it doesn’t work.
We’ve had more than a few great candi-
dates decline our job offer after think-
ing about it over the weekend. We would
much prefer they figure it out before they
take the position rather than a year or two
into the job.

60

2. Having mechanical or electrical compe-
tence is a given, but technicians also need
soft skills. Technicians with good people
and communication skills will be more
successful and, therefore, more satisfied
in the position. We spend a lot of time and
effort figuring this out during the recruit-
ment process.

3. Our technicians continually receive new
training. Whether it’s focused, on-the-job
training shadowing our experienced tech-
nicians or the once-per-year trip to the fac-
tory in Germany, we put training at the top
of our priority list for our employees.

The job is rarely boring, and that helps our
retention too.
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| expect advances
to come out at an
even faster pace as
we utilize Al

What are you most looking forward to over
the next few years?

Schmoll has always been a technology leader,
whether it be with advanced back-drilling tech-
niques for mechanical drill, or development
of very fine line imaging systems. What will
be really exciting going forward is to see how
AT will accelerate further development. We
are embracing Al in a big way, and I’'m excited
about new technologies coming down the
pike that haven’t even been thought
of yet. I expect advances to
come out at an even faster
pace as we utilize Al
From a big-picture market
perspective, we are in a period
where the big influences are
more geo-political than typical
global supply and demand. Overall,
PCB demand will continue to grow, but
where will that demand come from?
Where will the investment go, and how
much will be influenced by politics? Will there
be regions of over-supply, and how might that
impact the overall market condition? Bottom
line, I’'m looking forward to more stability in
the market.

What advice do you have for anyone feeling
fearful about changes ahead in our industry?
What thoughts can you share with an indi-
vidual or company that wants to thrive in the
next decade?

If T had to do it all over again and was start-
ing right now, I’d jump in with both feet. The
market is growing at 5% per year. Sure, there
are crazy things happening that are out of our
control, but the craziness is affecting many
advanced industries across the globe, not just
ours. These are exciting times. But also, don’t
just get lost in the excitement; stay in tune with
the market. Things are sure to change, and we
will have to adapt.

Kurt, great insight. Thank you.
You’re welcome. PCB007



LOOK"WHO'S T/ LJ&JJJJ, f JJJ



https://iconnect007.com/ecd
https://iconnect007.com/ecd

I’ve Found
My ‘Why’

The New Chapter

Feature Column by Paige Fiet, TTM-LOGAN

I often think about the phrase, “Excellence
is born when someone shows they care.” We
each have reasons for choosing a certain career
path and then deciding whether to stay on that
path or leave and go another direction. Those
reasons often stem from our ability to care
about the work we do.

Lately, I’ve been reflecting on my reasons
for starting a career in electronics. For me, it
comes down to a passion for what I do. How-
ever, passion cannot be the only driving force.
If it was, I probably would have become a
potter or a professional hiker. To determine
your “why,” we should balance our passions,
expected compensations, and the value-add or
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meaning of our work. We should be intentional
in our reasons for the career(s) we pursue. If
you’re working on your “why” or determining
what path you’d like to take, please consider
these recommendations.

Passion

There’s a saying, “If you like what you do,
you’ll never work a day in your life.” Person-
ally, this seems a bit idealistic. It’s important
to enjoy what you do for 2,080 hours each year
but it’s ignorant to believe none of those hours
will feel like work. Passion doesn’t mean we
will “like” what we are doing all the time. Hik-
ing for the views is a big passion of mine, but I
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don’t always enjoy hiking up the mountain. I
do, however, love the view from the top. Work
draws parallels to hiking for me. Some days
may be stressful, but seeing the end product is
always worth it.

Compensation
If compensation weren’t important to our
“why,” most of us would make our hobbies our
careers. Unfortunately, most of us have needs
that require adequate compensation for the
work we do. But it’s important not to
let compensation grow too high
on our priority list. I imagine
that if I worked in an indus-
try that included a lot of
manual labor in a hot cli-
mate just for compensa-
tion, I wouldn’t be happy.

Meaning

The purpose or meaning of
our careers is closely tied to our
passions and compensation lev-
els. It’s natural for us to seek out a
sense of purpose in the communi-
ties we live and work in. The meaning behind
our work is what drives most of us out of bed
every morning. I find meaning by thinking
about the people that the products will serve.
It’s exciting for me to see PCBs in the medical
devices used by my doctor or to think about the
PCBs in the car on my daily commute. These
are reminders of the good I am doing beyond
myself.

Value Alignment

Our “why” isn’t just important in deter-
mining what we do. Even more critically, it’s
important to where we choose to work. When
I think of “why” I choose to work at a com-
pany or in an industry, the decision tends to be
drawn from my value alignment with the com-
pany. For example, I value honesty. It would
be hard for me to work in an environment in
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€€ Sometimes,
our current roles
are meant for a
finite time, and
that’s okay. 9

which coworkers lied to their customers, ven-
dors, and, worst of all, themselves.

Future Opportunity
Sometimes, roles are just steppingstones for
a larger one down the road. Sometimes, our
current roles are meant for a finite time, and
that’s okay. I went to college so I could pursue
greater opportunities down the road. When I
started college, I knew that I did not want to be
a college student for the next 40 years. Know-
ing my “why” in that situation helped me
understand my motivations for
attending classes and complet-
ing my homework.

Balance

A “why” can be as sim-
ple as desiring balance. As
society progresses tech-
nically, we understand
the need for more balance.
We all need time to rest and
recharge to be our best selves. I'm
currently in a stage of life where I don’t want
an 80-hour work week. Instead, I enjoy bal-
ancing my work and home life with a 40-50-
hour work week. This “why” led me to choose

opportunities in which balance is valued.
Knowing the “why” behind our decisions is
imperative to accelerating our success. There
are feelings attached to our reasons that can
lead to a path of excellence. Understanding our
reasoning helps us to understand our motiva-
tion for the way we interact with our careers.
Our lives are too short, and our working years
are too long not to align our careers with our
personal “whys.” I challenge you to think about
your “why” and how it drives you to thrive. pcBoo7

Paige Fiet is a process engineer
at TTM-Logan, and in the IPC
Emerging Engineer Program. To
read past columns, click here.


https://iconnect007.com/column/131315/pcb

oh | 0ddMode | EvenMode| SPICE ALGE| 4 Pot S Paametess -Giogh | 4Pa

[ Conductor Loss @S Dielectric Loss

T o

SUBSCRIBE

Subscribe to the Polar Instruments YouTube channel
for helpful impedance and stackup videos

PCB Signal integrity tools for design & fabrication

+ Impedance & insertion loss modeling with Si9000e
+ PCB stackup design & documentation
+ Test systems for controlled impedance & insertion loss

» Application notes on a wide range of Si topics

=rler I IEIEEER

- Back Drilling for signal integrity
And its documentation in Speedstack

polarinstruments.com


https://www.youtube.com/watch?v=WZcKlrla6PA&t=5s
https://www.youtube.com/channel/UC-kmkRSmJKxRu9s-pkcGFOg?sub_confirmation=1
https://www.polarinstruments.com/

Technology Adoption and
the Role of Automation

Feature Article by Happy Holden
I-CONNECT007

In a recent paper' at the SMTA Pan Pacific
Strategic Electronics Symposium 2024, Auburn
University professors highlighted their findings
from their 2023 “Smart Manufacturing Adop-
tion Study” Technical Report 23-01% The paper
emphasizes five points that are important for
the adoption of advanced technologies:

1. Small- and medium-sized manufacturers
(SMMs) face significant barriers to adopt-
ing Industry 4.0 technologies, such as Al,
due to a lack of awareness, proven business
cases, and a skilled workforce.

2. The leading challenges for manufacturers
in adopting smart technologies are having
an operations workforce, operational
efficiency, and the presence of an engi-
neering workforce.
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3. Forty percent of manufacturers rank auto-

mation as their No. 1 technology solution,
followed by 3D printing, sensors/IoT,
and predictive analytics. Al is also gaining
interest as a top technology solution.

4. AT and ML have various application areas

in electronics manufacturing, including
equipment reliability, quality improve-
ment, cost reduction, demand forecasting,
inventory optimization, and overall
process efficiency.

5. The implementation of Al in electron-

ics manufacturing is still in its early stages,
with only 30% of companies believing
they are generating value through Al
applications.
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Awareness

The study found many obstacles in adopting
advanced manufacturing technologies (Indus-
try 4.0) and broke their study down into five
phases and six advanced technologies:

Phases
1. Awareness
2. Research
3. Evaluation
4. Implementing
5. Using

Advanced Technology
1. 3D printing
2. Artificial intelligence
3. Automation
4. Big data
5. Sensors/IoT
6. Predictive analytics

The results in Table 1 show that AI has the
highest awareness (26%) but the lowest usage
(6%) and 3D printing has the highest (36%).
Of the six applications, these two are easiest
to implement and use from just purchasing the
device. The main inhibitors to adoption are a
lack of skilled workers, costs, concerns about
data security, and the lack of clear evaluation
criteria for Al and advanced solutions.

Of the many successful implementations of
automation and artificial intelligence, most
agreed on the following approach.

1. Start with a strategic roadmap.

Establishing a return on investment (ROT)
for automation and AI/ML applications is
not always straightforward. First, it is essen-
tial to clearly define the organization’s busi-
ness objectives, customer needs, use cases,
and measurement of value. A clear operating
model and leadership support that empowers
flexible culture and experimentation is needed.

Al may be an organization’s top priority,
but other essential activities must come first.
Don’t try to reinvent the wheel. Leverage what
others have done, but don’t necessarily copy
other organizations. It is important to identify
the right business cases for your organization.
Performing buy vs. build analyses can speed
implementations®.

2. Assemble talent and prepare

the organization.

Rather than conduct random projects, it is
helpful to centralize the effort so overall guid-
ance and adherence to the roadmap can be
maintained. Ensure that the project teams have
the necessary knowledge and talent to execute
the initiative, including business and data sci-
ence expertise.

Considering the workforce issues today, it
can be more productive to upscale your cur-
rent employees rather than trying to find
experts who are scarce. Train the team and
those affected by the project to improve tech-

Table 1: Smart manufacturing technology adoption (n =100)

Artificial

3D Printing Intelligence

Using

Automation

Predictive

Sensors/loT Analytics

Big Data

Implementing

Evaluating

Researching

Awareness
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nology adoption. The Technology Acceptance
in a Manufacturing Environment (TAME) tool
can help gauge the readiness of each work unit
to accept and utilize advanced technologies
(AI/ML technology). Be proactive in change
management to reduce the impact on the
workforce and invest in reskilling and upskill-
ing your employees.

3. Understand the application and

implement the technology.

The most critical step is to make sure that the
problem to be solved is completely understood.
First, you must have the data. Connect the pro-
cesses on the production floor. Successful com-
panies have created connectivity for real-time
access to data sources in production and mea-
surement tools and sensors, auxiliaries, facili-
ties, and others. With a general lack of system
interoperability, achieving closed-loop status
can be challenging. To overcome this, digita-
lization must be implemented. Take advantage
of cloud-based systems and capabilities. Look

1. Current 2. End State
State Definition

Outputs From Current

State Field Work

Draft Findings

3. Initiatives Definition

Gap Analysis
Reference Architecture

for opportunities to implement edge comput-
ing to reduce data lag time. Develop processes,
controls, and accountability. Ensure data secu-
rity and responsible use of the data. Partner
with trusted solutions and service providers.

4. Ensure good data.

The data application and platform must be
Al-ready. If the system’s capability to support
the data needs is questionable, upgrade the
technology infrastructure. Identify the rele-
vant data, perform the appropriate analysis,
and then develop, fine-tune, and deploy the
AI/ML model. All data is not necessarily appli-
cable to the process. Identify the appropriate
data. Put robust data governance processes in
place.

5. Start with the intent to scale.

Build the use cases from the beginning with
an eye toward scaling. Focus on using best
practices across all initiatives. Consider inte-
grating them into existing workflows.
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Figure 1: The phases and activities to create a strategic roadmap for an organization3.

JULY 2024 | PCB0OO7 MAGAZINE 39



Elevate your high-speed
PCB manufracturing

NovaBond® PX-S2 - speed signal transmissionand

adhesion promotion

Step into the future of PCB manufacturing with MKS’ Atotech NovaBond PX-52. This new process
technology revolutionizes signal transmission and adhesion promotion by combining nano-roughening
with chemical bonding to achieve unparalleled precision and reliability. NovaBond PX-S2 ensures a
signal integrity for common applications identical to a non-treated conductor by applying only nano-
roughening while maintaining trace geometry and line-width. It delivers superior bonding at the
molecular level without compromising precision thanks to its hybrid bonding technology. In addition,
its innovative adhesion promotor provides unsurpassed bond strength for superior performance

in any environment. Driving innovation and reliability in PCB manufacturing, NovaBond PX-S2 sets
the standard for high-speed signal transmission and bonding. Move into the future now with MKS’
Atotech NovaBond PX-S2!

To find out more about NovaBond PX-S2, scan the QR Code to the right.

info@atotech.com www.atotech.com
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Revolutionizing high-speed signal
transmission by promoting ultra-low
roughness adhesion

The search for improved signal transmission capabilities while
maintaining structural integrity is a constant challenge in the
ever-evolving field of printed circuit board manufacturing. To
tackle this issue, MKS’ Atotech has developed NovaBond® PX-S2
which is poised to revolutionize this dynamic landscape. The
new process is a unique bonding enhancement technology that
reshapes traditional high-speed signal transmission and ultra-
low roughness adhesion promotion.

The NovaBond PX-S2 chemistry seamlessly combines nano-rough-
ening through selective etching with the benefits of chemical
adhesion promoters. In contrast to conventional methods, this
innovative approach preserves trace geometry and line width
with unparalleled precision. The result is a signal integrity

(S1) performance on par with untreated conductors, together
with exceptional thermal reliability and bond strength - all
essential attributes for applications that demand unwavering
performance under various operating conditions.

Precision is key

Precision is the cornerstone of advanced manufacturing. The
NovaBond PX-S2 process achieves this with remarkable accuracy.
Its hybrid bonding technique strikes a delicate balance that
enables precise control of nano-roughening while maintaining
line thickness. Innovative processes carefully create nano-
cavities that allow for superior bonding at the molecular level
without compromising line-width reduction. The unique
capability enables manufacturers to easily meet the demanding
requirements of today’s applications by producing detailed
components with unmatched precision and reliability.

Outstanding bonding performance

Central to the NovaBond PX-52 solution is its highly oriented
adhesion promoter - a true game-changer in improving bonding
performance. The promoter ensures superior adhesion prop-
erties critical to a wide range of applications and facilitates
optimal absorption of organosilane coatings. Its reliability in
the most demanding environments is underscored by its re-
sistance to even the most rigorous reliability tests. Through a
synergistic blend of mechanical interlock and interfacial chem-
ical bonding, it forms strong bonds that can withstand various
stresses and conditions, thereby ensuring the longevity and
reliability of the bonded structures.

High signal integrity - minimal loss

In the world of high-speed communications, signal integrity is
crucial - and the NovaBond PX-52 process meets the challenge.
Its ultra-low roughness results in significantly reduced signal
absorption, a critical attribute for applications where minimal
signal loss is essential. Maintaining signal integrity with minimal
loss enables seamless and efficient communication between
systems and devices, enhancing performance in critical signal
reliability scenarios.

Overall, the NovaBond PX-52 process is a breakthrough techno-
logical innovation. It redefines the landscape of high-speed signal
transmission and adhesion promotion in PCB manufacturing.
Advanced performance, precision design, and unmatched signal
integrity make this technology the foundation for innovation
and reliability in electronics. As the industry marches forward
into the future, NovaBond PX-S2 is ready to lead the way into
anew era of bonding enhancement technology that reshapes
traditional high-speed signal transmission and ultra-low rough-
ness adhesion promotion.

Dielectrics

Adhesion

Promoter

Thomas Thomas

Global Product Manager Surface
Treatment Technology

Atotech Taiwan Ltd.

+886 965816 781
Thomas.thomas@atotech.com

www.atotech.com
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6. Learn from each step.

Take the implementations one step at a time.
Quick and successful implementation sprints
can generate a lot of success and create a vir-
tuous cycle of rapid learning and excitement in
the organization.

1. Exploit the process.

Once you have a successful project and ROI,
use that experience to train more of your people
and exploit the enthusiasm that it will create.

Conclusion

Artificial intelligence plays an increasingly
important role in our lives and economy and
already impacts our world in many ways. Some
have projected that AI will add nearly $10 tril-
lion to global GDP over the next 10 years.

The future of advanced manufacturing,
whether you call it Industry 4.0 or Smart Man-
ufacturing, particularly in the electronics
industry, is the utilization of connectivity to
enable automated optimization. Automation

Table 2: Process for automation and advanced PCB technologies

selection and implementation®.

PHASES ACTIVITIES

+ Establish a return on investment (ROI) for
automation and Al/ML applications.
+ Al can be the organization’s top priority, but
other essential activities come first.
1. Start witha + Leverage what others have done.
3 + [tisimportant to identify the right business
slrateglc cases for your organization.
roadma * |-Connect007 has an eBook that covers
p 3
roadmapping, technology awareness,
benchmarking and ‘Creating the Business
Plan’ as well as 20 other important topics
for you to use.?

+ Centralize the effort so overall guidance
and adherence to the roadmap can be
maintained.

* Ensure that the project teams have the

necessary knowledge and talent, including

business and data science expertise.

Be proactive in change management to

reduce the impact on the workforce and

invest in reskilling and upskilling your
employees.

2. Assemble
talent and

prepare the .
organization

* Make sure that the problem to be solved is
completely understood. Connect the
processes on the production floor. Most
importantly, you must have the data!

+ Digitalization must be implemented. Take
advantage of cloud-based systems and
capabilities. Look for opportunities to
implement edge computing to reduce data
lag time.

* Update the data application and platform

to be Al-ready.

Upgrade the technology infrastructure. All

data is not necessarily applicable to the

process as far as the model is concerned.

* |dentify the appropriate data.

* Build the use cases with an eye toward

scaling from the beginning.

Make sure to consider integration into

existing workflows.

3. Understand

the application
and implement
the technology

4. Ensuregood -
data

5. Start with the
intent toscale  *

6. Learn from * Take the implementations one step ata

each step time.

. = Once you have a successful project and
7. Exploit the RO, use that experience to train more of
Process your people and exploit the enthusiasm

that it will create.
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DELIVERABLES

» First, it is essential to clearly define

the organization’s business
objectives, customer needs, use
cases, and measurement of value.

* Establish a clear operating model

and leadership support that
empowers a flexible culture and for
experimentation.

* Performing ‘buy versus build’

.

analyses can speed
implementations.

It can be more productive to
UPSCALE your current employees
rather than trying to find scarce
experts. Train the team and those
affected by the project to improve
technology adoption.

The Technology Acceptance in a
Manufacturing Environment (TAME)
tool can help gauge the readiness
of the work unit to accept and
utilize advanced technologies
(AlI/ML technology).

Connectivity for real-time access to
data sources in production and
measurement tools and sensors,
auxiliaries, facilities, and others.
Develop processes, controls, and
accountability. Ensure data
security and responsible use of the
data. Partner with trusted solution
suppliers and service providers.

Identify the relevant data, perform
the appropriate analysis, then
develop, fine-tune, and deploy the
Al/ML model.

Put robust data governance
processes in place.

Focus on the use of best practices
across all initiatives.

Quick and successful sprints for
implementation can generate a lot
of success and create a productive
cycle of rapid learning and
excitement in the organization.

Make sure the ‘process’ is
documented and that training can
be implemented internally.

and AI/ML systems, when
properly created, can pro-
cess massive data sets that
provide insights into pro-
cess trends and potential
quality escapes and use
the information created to
make decisions.

The Smart Manufacturing
Adoption Survey results in
Table 1 show that AI has
the highest awareness but
the lowest implementa-
tion and use. Leaders in Al
have an enterprise strat-
egy aligned with business
goals and use cases that
bring business value. They
have robust organizations
that emphasize efficiency,
data and skills readiness,
well-planned governance,
and optimize the appli-
cation of technology. AI
leaders emphasize reduc-
ing business risk and the
implementation of policies
and processes to enforce
responsible and secure Al
practices and principles.
They are reallocating bud-
gets to enable spending on
AI projects because they
believe in the potential
benefit to the bottom line.



Table 3: Process for automation and advanced PCB technologies
selection and implementation®.

PHASES ACTIVITIES DELIVERABLES
1 * Conduct Systemization Review (flow, Profile of systemization/mechanization
ENVIRONMENTAL quality, etc.) opportunities
ASSESSMENT * Conduct “The CAD/CAM Audit” CAD/CAM systems specification input
(4-8 weeks) * Perform “The Process Scan” Assessment of organizational impact
* Perform organization review Rationale for cost/benefits analysis
* Analyze business forecast model
2 * Perform macro-level stimulation for CBA Documented CIM strategy and
PROGRAM * Establish performance targets implementation plan
STRATEGY * Create CIM strategy and automation CIM architecture

(6-10 weeks)

plan
Develop documentation methodology
for CIM system

Organization and staffing plan
Database mapping of functional
processes

3 * Exploration of preliminary process
CONCEPTUAL equipment and automation alternatives
DESIGN * |Initiation of requests for information
(6-10 weeks) (RFI)
* Develop conceptual specs for MFG
support systems

Organize manufacturing technology
teams

Budget profiles on equipment/software
development created

Documented conceptual specifications
for functional approvals

(Cycle depends on

Implementation of development hardware

4 * Generation of detailed process/equipment + Transaction (/0 level) design document
DETAILED DESIGN designs for manufacturing system
AND * Generation of detailed manufacturing * REF Specification with functional sizing of
REQUIREMENTS support sizing of system specs system
SPECS * Invelvement with technology suppliers + Detailed cost/benefits model document
(13-26 weeks) * Creation of integration plans * Implementation plan

* Execution of simulation model on

automation alternatives

+ Creation of RFP specs for supplies
5 + Selection of equipment, hardware and + Completed system software
DEVELOPMENT software suppliers + Installed, operational equipment

and software
* Software programming
+ Debug and test subsystems

Phase 4 scope)

6 .
IMPLEMENTATION  *
(Cycle dependson  *
Phase 4 scope) .

Construct ATP
Execution of system test

Execute ATP
Trainer of end-users

Construct system and user documentation +

+ Acceptance of test procedures
+ Operational CIM systems
Technical and user documentation

Operations must provide excellent quality, reli-
ability, and productivity output to obtain good
OEE scores. Digitization awareness and AI/ML
provide real-time visibility into processes, allow-
ing for optimization to achieve the desired high
OEE scores. Al can adapt to perturbations in the
system, isolating the issues and reacting to re-
optimize the processes in real-time.

To learn more about roadmap strategy, read
24 Essential Skills for Engineers, Chapters 15
and 17. pcoo7
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Optical Lay
with Dual Weld §1

Feature Interview by Barry Matties
I-CONNECT007

What does it take to really thrive in today’s
business environment? Will it require big
changes, or can you make small, incremen-
tal improvements? Jesse Ziomek, global sales
director and product manager at DIS, Inc., a
company that designs and manufactures auto-
mation equipment, focuses on strategies for
thriving in the PCB industry by emphasizing
cost reduction through smart robotic solutions
and addressing bottlenecks to optimize yields.
He keys in on registration issues, clean manu-
facturing processes, and advancing manufac-
turing capabilities, and highlights automation
and consistent manufacturing practices as cru-
cial for industry growth.
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Thriving With New Processes and Technologes

Barry Matties: We’re talking about how to
thrive in the industry, and part of that strategy
is about lowering costs, an area where DIS
has some new solutions. What should a bare
board fabricator be thinking about if they
want to thrive?

Jesse Ziomek: Thriving seems to encompass
three areas within the lay-up process. First,
customers are looking to solve registration
issues, which ultimately increase yields; high
yields equal good profits. Second, customers
want to know not only how to advance their
technology but of what I'll call “clean” manu-
facturing. What other tools and resources are
available to break away from the conventional
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methods of hard tooling—like old-school
hammer and pins and heavy plates—which
carry a lot of regular maintenance costs and
are labor intensive? How do we change that
environment and make it a more streamlined
manufacturing process that is less labor inten-
sive?

A better work environment helps with
employee retention. One can also hire a dif-
ferent type of employee. ps
For example, maybe one
doesn’t need a super-strong
employee who can pick up
45-pound-plus caul plates
because we’ve eliminated
that need with our pinless
process and blocking plate
technology. That’s the kind
of hidden reality that comes
into play.

The third area is advanc-
ing a manufacturer’s tech-
nical capabilities. If you
can introduce new tech-
nology that addresses one
pain point, increases yields,
introduces a more streamlined manufacturing
process, and a safer working environment, the
third jewel in the crown is advancing technol-
ogy capabilities.

When customers advance their capabilities,
they can enter new PCB markets, gain new
customers, and strengthen existing business
relationships by offering new products.

To level up, customers need new tools,
resources, and education on the new processes
and technologies available. That’s where auto-
mation comes in. So, there is actually a fourth
area, which is how we actually go about auto-
mating our processes.

The first step to thriving is getting your house
in order. Understand and optimize your man-
ufacturing processes. Then, start looking at
the bottlenecks and pain points and creating
some improvement strategies.
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Correct. I have the privilege of traveling to
many different manufacturing facilities across
the world, which gives me an advantage
because I see how it’s done with pretty much
every application and in every country. When
I’'m talking to customers, we identify the criti-
cal pain points and then figure out how we can
provide a solution to that challenge.

When I ask a customer what their capabili-

Jesse Ziomek

= ties are, I get a lot of big
answers: 20, 30, 40 layers.
Then I ask, “What’s your
yield on that?” That’s when
the room goes silent, and
you start hearing about the
pain points. It’s how we get
to the truth of the situa-
tion. Now, we can work on
solutions where DIS can
really make an impact, and
that’s our focus.

Jesse, do you have any
final words of wisdom for
fabricators who want to
create a plan to thrive?

Yes, do your homework. Become educated.
We want to be sure all our customers are well-
educated. When we’re talking about a pro-
cess change—and there’s a lot of new technol-
ogy out there—none of this equipment is plug-
and-play. Each customer uses a different mate-
rial and likely a different process or technique.
Each customer requires a somewhat custom-
ized approach with the technology, the equip-
ment, and the solution. I hope customers don’t
blindly buy or do something simply based on a
relationship. That old-school business gets you
in trouble, from what I’ve witnessed. That’s my
advice for anyone looking at a new process or
technology.

That’s a good note to end on, Jesse.
Thank you so much.

Thanks, Barry. PcBoo7
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A Less Expensive
PCB Fab Startup

Article by Alex Stepinski

Editor’s note: Investing in a new printed cir-
cuit board fabrication startup is not for the
Jaint of heart or the light of wallet. Standing up
a new “high-tech” PCB fab facility capable of
becoming qualified for aerospace and defense
work typically takes a minimum investment
of 850 million. However, Alex Stepinski says
entering the defense and aerospace markets
with a new PCB fabrication start-up facility far
under this cost benchmark is possible when good
partnerships, innovation, and sound engineer-
ing design enter from the beginning. In this arti-
cle, Alex Stepinski outlines just how this can be
achieved.
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While industrial policies will hopefully
result in a more competitive landscape for
defense procurement by copying established
processes from East Asia, they do very little to
promote actual value innovation (i.e., commu-
nism didn’t create Silicon Valley). The best we
can hope for are products at a 3-10x premium
over what East Asia can do because this is the
achievable equilibrium of just taking overseas
process equipment while not accepting the
cultural and organizational aspects that drive
cost efficiency there.

We have also found that investors are more
focused on de-risking by copying rather
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Alex Stepinski

than de-risking by innovating. This is largely
because PCB fabrication is a low-innovation
industry in general. Expectations are low,
domain knowledge is scarce, and group-think
dynamics around legacy solutions are high.
Every project has consultants and experts who
bring together all the best-established ideas.
But where are the new ideas?

To address this deficiency, we have been
developing a U.S.-centric business model that
allows domestic investors to enter the defense
and aerospace market with a much smaller and
more efficient investment protocol. Instead of
investing $40-$80 million upfront in a copy-
paste fab facility, one can build a fab with sim-
ilar capabilities to what is being done at the
higher capital procurement levels for far less by
focusing on more efficient process solutions.

In partnership with innovation-driven sup-
pliers in the market, we have recently devel-
oped a defense and aerospace starter fab pack-
age with overall process kit investment levels
in the $8-$24 million range and with a mature
IRR of 16-35%. These numbers exceed hurdle
rates for most VC/PE investors without the
need for government funding and can be stood
up and commissioned in about 12 months, fol-
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lowed by a 12-18-month qualification period
to achieve stable revenue. Based on lessons
learned from recent domestic fab investments,
we are combining multiple established tech-
nologies in an innovative way to achieve a
high return, with some of the key components
described below.

Consolidated Vertical Wet Processes

In a typical U.S. fab shop, the wet process
floor consists of a combination of horizontal
and vertical equipment, with the subtractive
steps mostly done horizontally and the addi-
tive steps mostly done vertically. For the sub-
strate industry, carrier-based vertical process-
ing dominates and is being implemented in
the new taxpayer-funded investments we cur-
rently see going up in the U.S. One of the chal-
lenges of this kit is that it is not integrated very
well and is either labor-intensive to operate and
maintain, or capital inefficient to automate/
integrate. To address this, we have recently
partnered with Integrated Process Systems
(IPS) in Cedar City, Utah, to develop a prod-
uct line of vertical equipment with such a high
level of efficiency that one operator, one chem-
ist, and one technician can operate the entire
wet floor within a factory in the $12-$40 mil-
lion annual turnover range building high-mix
products with negligible setup time. The secret
lies in using a vertical hoist platform and mak-




ing vertical cells for each
process step: Developing is
a cell, etching is a cell, oxide
is a cell, etc. We then break up
the process into three vertical hoist
lines. One line does inner layer processing
with an inert carrier, one does most additive
and semi-additive steps with a galvanic flight
bar, and one does immersion/electroless fin-
ishes with a laminar flow basket. We even inte-
grate UV bumps, plasma cleaning, and bakes
directly into the line to control the timing of
these important steps.

The combined cost of the equipment is simi-
lar to a horizontal wet process kit from China.
Still, the system complexity is much lower, and
the process capability is much higher for high-
mix applications. We have about three times the
number of controls vs. any horizontal process as
well. This vertical equipment also has less than
1% of the number of physical parts compared to
the equivalent horizontal equipment and a much
lower risk of failure/maintenance downtime as
a result. Additionally, it can all be directed from
one central position managing the panel han-
dling for all three lines. Finally, due to the batch
nature of the process, the chemical controls and
repeatability are far higher.

These new systems leverage established
product technology already qualified for UHDI
and substrate applications at defense primes in
the U.S. The innovation lies not in the technol-
ogy itself, but in how it is combined to achieve
single-piece flow efficiency.

Diverse Application Laser Drilling

Very recently, if you wanted to do
25-50-micron laser vias, 300-micron laser
vias/trenches, cavity/flex routing, and a wide
range of materials (all of which can be seen
across the defense and aerospace product
portfolio), you would have needed two to four
different laser drill machines—each with a dif-
ferent combination of laser source and opti-
cal path technology—to get the job done. We
are happy to report that all these applications
have been consolidated into a single tool. By
merging pico-green and CO, sources into a s
ingle platform with beam expanders to adjust
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the spot size, these applications are now cov-
ered by one machine from Schmoll with a sim-
ilar capital investment to a single traditional
UV/YAG, with a much smaller heat-affected
zZone.

MBSE and Recipe Development

Over the years, the pace of recipe modeling
capability improvement has been very slow
in the PCB fab industry. Inner layer scaling
and dielectric prediction are relatively mature
nowadays, but copper patterning tolerances
and metal/mask coating thicknesses remain
a challenge. In this case, the challenge lies in
the sensor quality deficiencies in building the
models, as well as a low level of control over
the processes. Recently, multiple fabs have
implemented 3D interferometric and confocal
microscopy technologies which are capable of
profiling surface features very effectively. At
the same time, the use of specialized throw-
ing power test coupons to optimize and mon-
itor health of lines for plating through-holes

has created the feedback sense loop the mar-
ket has been missing. By designing in these
new sensing techniques and incorporating the
feedback into a basic machine learning sys-
tem, while also adopting a galvanic Cu process
with onboard complex controls, it is very pos-
sible to exclude most trial-and-error test pan-
els from fab sites.

In addition, despite being very complex sys-
tems, systems engineering documentation is
entirely lacking in most PCB fab operations.
As a result, change simulation and impact
across operations are almost never understood.
Recently, we have developed a multi-domain
interface model in lifecycle modeling lan-
guage (LML) with a custom microelectronics
grammar which allows for documentation and
Monte Carlo yield/cycle time simulation of the
whole fab process/product interaction in PCB
fab, thus allowing parameterization and simu-
lation of new processes and products prior to
release to avoid test panels. On complex prod-
ucts, this new method is a game-changer.

Typical Process Utilization
Comparison

Inner Layer

0.5 m/min standard horizontal wet process kit

QOuter Layer/Subs

®m Three consolidated vertical lines

Figure 1: Comparison of typical process utilization.
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New Fab Investment Profile SM
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Figure 2: New fab investment profile.
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Figure 3: UHDI/NPI PCB fab kit
decomposition.

Synopsis

Experienced PCB fab personnel can clearly
see the potential opportunity in implementing
the above-mentioned systems using a design
engineering approach. Leveraging these inno-
vations and others, in 2024, a 20-30 panel/
day high-product-mix fab operation can oper-
ate with only 10-12 people at a time. This
is inclusive of tooling and yield-appealing
annual returns when designed from the

UHDI Defense & NPI High Mix/Low Volume Greenfield Fab

Revenue ($M)

Year 4
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Year 5
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22%

Year 3
7%
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%IRR assumes 5% of original investment is ongoing annual capex

Figure 4: UHDI defense plus NPI high mix/low
volume greenfield fab.

beginning for this target performance in the
defense/aerospace/NPI sector. Figure 2 shows
a financial summary of data, including annual
growth capital beyond the initial capacity tar-
get, as well as closed-loop wastewater recy-
cling from a recent due diligence project in
North America. Pcoo7

Alex Stepinski is principal at Smart Process Design.
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Article by Pete Starkey
I-CONNECT007

It was the beginning of July, on an Eng-
lish summer’s day—overcast and raining—as
I drove up to Cheshire the pretty way, across
the Derbyshire dales, to avoid the traffic prob-
lems on the M6 motorway. It was well worth
the journey when I arrived at the premises of
ROoBAT Ltd., in Macclesfield, to meet with
Managing Director Bruce Nockton.

RoBAT has a long-established name in
high-speed signal integrity testing of complex
assemblies and, more recently, has offered
a fully automatic impedance tester for bare
boards. I was curious to learn more, and
Nockton was happy to enlighten me.

I confessed at the start that I was basically a
chemist who knew a bit about making PCBs
but not a lot about the electronics of sig-
nal transmission, although I was aware of the
increasingly critical importance of establish-
ing the right combination of material proper-
ties and the precision of fabrication to achieve
a product with specific electrical character-
istics. Nockton kindly stayed with the basics
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and avoided getting too theoretical with his
account of the development of ROBAT’s exten-
sive product portfolio.

Describing the origins of the company, he
explained that his early experience was with
the design and manufacture of specialty test
fixtures, particularly for large backplane assem-
blies. But by the late "90s, frequent design revi-
sions resulting from the rapid evolution of
mobile phone infrastructure were making it
uneconomical to produce dedicated fixtures
for this type of assembly, creating an opportu-
nity for an alternative approach. Flying probe
testing had its mechanical limitations when
using its typically long probes to consistently
and reliably contact features like vertical pins
and certain female connectors.

In 2003, Nockton and his colleagues devised
a solution which he described as a cross
between a test fixture and a flying probe, with
an X-Y-Z-axis gantry system picking up indi-
vidual “tools” from a magazine, which were
effectively “mini test fixtures.” He showed me
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a selection of these tools, uni-
form in overall shape but each
having probes on one face
matching a specific connec-
tor on the backplane, while
on the opposite side was a
common interface to the test-
ing machine.

Using these tools, they
were performing capacitance
testing, shorts and opens test-
ing and, by attaching a cam-
era, they could check that
all the pins were straight
before plugging in the fix-
ture. A digital multimeter enabled some com-
ponent measurement, and they could even add
a touch probe for making mechanical measure-
ments. Together, this offered a versatile system
for electrical, AOI, and mechanical testing of
backplanes. The system was effectively future-
proof because specific tools could be designed
for specific tasks, even custom sockets for edge
connectors.

The equipment’s adaptability and versatility
continued to evolve over the next several years.
Out-of-sight defects associated with press-fit
compliant pins presented a further challenge,
which was overcome with the development of
an X-ray version.

I commented that RoBAT appeared to be
characterised by a lateral-thinking culture and
a positive approach to progress: “That sounds
like a good idea—let’s do it.”

Nockton substantiated my observation,
explaining, “We’ve always tried to maintain a
certain structure that facilitates making those
sorts of decisions and then moving quickly to
develop the ideas into products.”

And what was the derivation of the RoBAT
name? “Ro for robotic, B for backplane, A for
automated, and T for testing—probably no
longer appropriate as we move on.”

And move on he did with his review of
RoBAT’s history. Established in 2001, the com-
pany shipped its first machine in 2003 to a UK
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Bruce Nockton

customer, which happened to
have a facility in China where
another machine went the
following year. Thisled to the
establishment of RoBAT’s
Chinese operation, now an
extension of the UK man-
ufacturing and servicing
resource, and was the begin-
ning of a service and support
network in Asia and North
America.

Looking at the current
product range, I remarked
how extensive it was. Nock-
ton reiterated that the footprint of their basic
S1 backplane test machine was adaptable to
several functions, and its variants constituted a
popular ongoing part of the portfolio. But the
catalyst for a new generation of test equipment
has been RCI—robotic controlled imped-
ance—released in 2013. A suggestion from one
of the lateral thinkers: “We should be look-
ing at TDR; maybe we could automate some-
thing?”—led to the purchase of a pair of com-
mercial TDR units and hooking them up to the
robotic heads of the machine. (Note: TDR is
time domain reflectometry, a technique used
to determine the characteristics of electrical
lines by observing reflected pulses.)

The result was an automatic TDR machine
for assembled backplanes, and the common
interface was now composed of coax connec-
tors. But a significant limitation was the length
of the interconnecting cables, resulting in a
considerable loss of resolution. Because each
TDR unit has only two ports, testing a back-
plane took a long time, and because the TDR
unit was a big black box, it was not practica-
ble to mount it on a head of the machine. So,
RoBAT designed its own compact TDR units,
eventually making them small enough to be
mounted inside the robotic head, and with a
much shorter interconnecting cable. Soon,
three 8-port units could be mounted in one
head, giving 24 ports, one per channel, with no
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need for switching. At this stage of its devel-
opment, the machine was capable of identify-
ing a lot of issues on assembled backplanes and
became a very popular piece of test equipment
with major contract electronics manufacturers.

Analysing lots of test results, it became
apparent that the machine, for which the pri-
mary objective had been to detect faults intro-
duced during the assembly process, was find-
ing a disturbing number of faults attributable
to the bare board—in some cases
as many as 70% of the total—a
good justification for the devel- “
opment of a bare-board tester.
This was around 2019.

Several challenges had to be
addressed. It wasn’t practical
to use spring probes because
of the deleterious effect of
the spring on the signal, and
RoBAT also wanted to main-
tain the principle of multiple con-
nections per insertion. Because the
development machine was basically a version
of the high-end system for testing assemblies,
it would not be cost-competitive in the bare
board industry.

Then came COVID, which restricted travel
and effectively shut RoBAT off from their mar-
ket. But isolation presented an opportunity for
the innovators and lateral thinkers to consider
what applications they could envision that cap-
italised on the attributes of their own compact
TDR unit. The outcome was a suite of eight
new products, from a benchtop unit for test-
ing small, high-speed bare boards and coupons
to a series of SCARA-based machines, which
included a fully automatic TDR tester for bare
and assembled PCBs.

I was curious to know what “SCARA” signi-
fied. Nockton explained that it was an acronym
for a particular type of industrial robot, “Selec-
tive Compliance Articulated Robot Arm,”
referring to its ability to move freely and main-
tain stiffness in three axes while being compli-
ant in the final axis. In the context of ROBAT’s
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New
developments
are evolving.

bareboard TDR tester, therobot takes the place
of the substantial X-Y-Z-axis gantry that is fea-
tured in their mainstream equipment. Func-
tionally, the SCARA machine used RoBAT’s
“mini test fixture” tools, with modules custom-
ised in pitch and style of a high-speed connec-
tor to correspond with the work being tested.
Tool changing is automatic, and the system is
capable of a full range of TDR tests and mea-
surements.
Importantly, the adoption of the
SCARA principle substantially
reduces the manufacturing cost
and enabled this new equip-
ment to be offered at prices
that make it attractive to bare
board manufacturers.

When Nockton showed me
around the Macclesfield facil-
ity, I was amazed at the extent
of capability and self-sufficiency

that exists under one roof. All the

way from design to finished product, the

knowledge, the skills, and the equipment are

there. New developments are evolving. It’s a

really nice set-up, and the sort of environment
I would enjoy working in.

I thanked Nockton most sincerely for mak-
ing me welcome and for being so generous with
his time and explanations. He tolerated my
ramblings and reminiscences as we swapped
anecdotes, realised how many people we both
knew, and agreed what a small world itis in the
electrical testing business.

I set off to drive home in the rain, reflecting
on a most interesting and informative couple
of hours. PcBoo

»

« RoBAT Leading Edge Signal Integrity Test Products

« Pushing the Limits of PCB Impedance Control

rﬂ Pete Starkey is a technical
= _~ editor for I-Connect007.
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From Concept to Reallty:
Building Alpha Circuit

Feature Interview by Barry Matties
I-CONNECT007

You’ve just sold your pharmaceutical busi-
ness and have a lot of extra cash. Where would
you spend it? “On a new 45,000-square-foot
factory to manufacture high-tech printed cir-
cuit boards,” said one man.

Meet Prashant Patel, one of the industry’s
newest PCB fabricators. Prashant was a phar-
macist for his entire career and did very well.
Surrounded by friends with decades of PCB
industry experience who willingly shared their
outlook on the industry, Prashant decided to
acquire Alpha Circuit in Elmhurst, Illinois, in
2021. Alpha Circuit was established in 1981,
where the primary focus had been on low-
tech. That has all changed.

Prashant and his team broke ground on a
new 45,000-square-foot building in Schaum-
burg, Illinois—meaning this factory was being
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built from the ground up. Keep in mind that
Prashant had no experience in PCB fabrica-
tion and had to learn everything, literally, from
the ground up. After spending a few hours with
him, it’s easy to see he is a good student.

The following interview highlights Prashant’s
PCB journey.

Barry Matties: We’re here at Alpha Circuit’s
brand-new facility, a project that has taken
three and a half years. Prashant, tell us about
the journey of setting up this new facility. Why
did you undertake it this way, and how was
the process of bringing it together?

Prashant Patel: 1 wanted to do something in
the manufacturing industry, where I have an
extensive network of friends and family. We
purchased this building, and everything other
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Prashant Patel

than the four walls is brand new, including the
flooring, lights, HVAC, roof, and equipment.

We did the factory floor layout and sourcing
of equipment ourselves. With over 25 years of
experience and expertise in the industry, our
engineering team knew what they were look-
ing for. You have to know the right questions to
ask for each process. If it’s a wet process, how
do we want the nozzles? How do we want the
angles? How do we want the brushes? They
are the experts, so I let them define exactly
what we wanted and needed. My part was to
find the manufacturers that could give us the
best equipment that met all our requirements,
including what kind of service they would
offer. How soon can a technician get to you if
something is not working? Service was the sec-
ond most important consideration. After those
two variables, it was lead time. When could we
get the equipment? What can we live with, and
what can’t we live with?

You bought the nearby Alpha Circuit facility
in ElImhurst in January 2021 and then started
building this. Are you building this facility so
that you can offer high-tech, leading-edge
products that will be built here?
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This new facility is almost 46,000 square feet
compared to our other location, which is about
the same size. Yes, this new facility is meant for
more high-tech work—smaller lines and spac-
ing, smaller BGAs. The new equipment we
have can do all of it.

Of course, the equipment doesn’t always
run itself. You need capable people and a good
management team in place to run it. Our gen-
eral manager, Steve Smith, came from APCT,
where he oversaw all their plants in all their
locations. We are currently doing engineering
trial runs on the equipment before we take on
live production orders.

How long have you been running and testing
the equipment?

The equipment has been tested between nine
and 12 months. We have worked on calibrating
and certifying all to our standards. Customers
have toured the facility, and we are now in the
process of doing pilot runs for them. We want
to make sure we are not putting customers at
risk.

That’s smart. Obviously, you’re bringing peo-
ple over from your other facility, and they’re
trained in the different manufacturing disci-
plines. Talk a little bit about your onboarding
and training processes.

Our training is mostly done in our Elmhurst
location, whichisourlivelocation. When some-




body new is onboarded, a current employee is
assigned to them. It’s a 90-day training period.
After 90 days, they're evaluated on what they
know and what they don’t. Then, it becomes
about what else that employee can learn in the
manufacturing process.

We want people to multitask. It’s not just one
process or one location that an employee is
certified for. We want people who can do sev-
eral things; we want them to be cross-trained.
It is not only good for the company; it is good
for them as well. If somebody calls in sick, you
need a backup. So, we go through rigorous
training, get them certified at Elmhurst, and
then we bring them here to the new facility and
get them used to this new equipment. By this
time, they should have a baseline understand-
ing of what these processes are, what prod-
ucts should look like coming out of their line,
and what things to look for from a quality and
inspection standpoint.

Tell me about your green approach to your
waste treatment.

We truly believe in going green. Seventy per-
cent of the water we use in this building is
reused as DI water. So, we regenerate our own
DI water from our rinses, which then goes back
to our waste treatment system.

That’s a huge financial savings right there.
Yes, especially with the rising cost of utilities.
Of course, the system wasn’t inexpensive, but
the return on the cost for that system will be
quick.

Aren’t customers looking for more green or
sustainable partners?

That is an industry trend, and it’s the right
thing to do. Besides that, more of our custom-
ers will be looking for manufacturers that are
good global citizens.

When you look at the path you’re on today,
what would you do differently if you had to do
it all over?

I would probably buy an existing shop that was
fully operational and change out the equip-
ment as needed. Going the route we did to get
all the infrastructure in place takes a long time.
Bringing in and setting up new equipment can
take months. Having an existing shop to start
with may provide an opportunity for some
cash flow while you build out. But here we
are. We are heavily invested and just about to
start producing. It’s been over three years, and
it will likely be four years by the time we are
completely done and production ready. It has
been a huge investment of money, time, and
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effort as well. But I believe strongly that, in the
end, it will be worth it. From what I am told,
there are not many people out there willing to
make this kind of investment.

You were also delayed more than a year with
COVID, so you’re a bit behind schedule.

Yes, COVID put us back 18 months from the
standpoint of equipment availability and deliv-
eries, personnel, getting the electrical breakers
wired, and having power. That kind of thing
put us back substantially.

That is certainly nothing you can project
when you start off on an endeavor like this.
Who would ever have thought a world pan-
demic would have been a delay factor? You
also mentioned that you were surprised by
how much you had to learn personally.

Not being from the industry and trying to set
up a brand-new facility was a personal chal-
lenge, learning about the equipment—even
just the wet process equipment—the other pro-
cesses, the chemistry, talking to the vendors,
and getting a feel for what you treat, what you
batch process, and what you pH adjust. I had to
set up all this stuff myself. It was a steep learn-
ing curve. But I also had a very good team that
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guided me, and I had access to
some very good resources that
helped my learning curve sub-
stantially.

Having just experienced the
tour you took me on, | would
never have known that you
are new to the industry. You
are obviously a great student
of the subject matter. Tell me
about how you planned the
flow of the production process.

The best thing about setting up
a building from scratch is that
you can build it for optimum
manufacturing process flow.
We designed it so that process
A is next to process B because you don’t want
somebody walking five minutes down the hall
just to get to step B. It’s a waste of time. We
have a well-thought-out process flow where
you have minimal movement, or “dead time,”
as we call it.
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You have some automation in this new
facility, but it is not fully automated. What
is your strategy there?

We absolutely have the room to put in more auto-
mation. Right now, our priority is to get this build-
ing up and running and fill the capacity to a certain
level before we look at further automation. That is
our automation strategy. We can build the boards
that we are promising the market we can build.
Once we have the baseline bookings every month,
we will examine the areas that need more or less
automation.

That makes sense. | see you brought in some
equipment from Taiwan. You have some nice
equipment in your drilling and routing areas, and
you have laser technology back there as well.
Are you direct imaging.

We are direct imaging. We're small. We have
a MIVA coming in about 30 days for a second
machine.

| saw some Orbotech equipment as well. You've
made some nice equipment choices, a nice
package. A lot of the conveyor lines are from

one supplier, which makes spare parts and
things easier to manage.

Spare parts, service, availability. We also always
keep one set of everything in stock, so there is no
downtime.

Do you have any final thoughts you’d like to
share with the industry?

We're excited to get going, and show the market
what we can produce. We want to play with the best
of the best in the industry. Building a new facility
like this goes beyond the business itself to the point
of being a true mission. We wanted to have an out-
standing facility with outstanding equipment and
people developing processes and technologies for
not only today but the future as well. Our goal was
to build a factory of the future today, and I feel that
we are very close to accomplishing that.

It is a beautiful facility. Congratulations. | wish
you the best of luck. PCB007






Domestic Manufacturing Takes
Center Stage on Capitol Hill

American Made Advocacy

by Shane Whiteside, PCBAA

Last month, I had the pleasure of presiding
over PCBAA’s third annual meeting—and my
first as chair of the association. We spent two
days in Washington, D.C., engaging with gov-
ernment officials, elected representatives, and
thought leaders to educate, advocate, and leg-
islate for American manufacturing.

Those sessions provided unique insights,
and the chance to network with colleagues
throughout the supply chain was invaluable. I
was gratified to see so many executives from
around the country and across our ecosystem.
PCBAA membership has grown by more than
a factor of 10 since we established the associa-
tion with five companies in 2021; we now have
members in 28 states.

We had dozens of meetings on Capitol Hill
advocating for our industry and securing addi-

tional cosponsors for H.R. 3249, the PCBS Act.
There is still a need to educate policymakers
about the entire electronics ecosystem. Many
in Congress understand that we need to make
more chips in America, but as we say, chips
don’t float.

After three decades of steady contraction,
our government recognizes the need to cre-
ate solutions to reverse our dependence on
long and vulnerable supply chains. America
must scale up microelectronics manufacturing
to protect ourselves from the impact of polit-
ical decisions, armed conflicts, and/or natu-
ral disasters that could choke off access to the
technologies our economy depends on.

The importance of technology in our every-
day lives underscores the need for robust
American manufacturing capacity. From arti-
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ficial intelligence to national security and crit-
ical infrastructure, there is incredible demand
for the next generation of microelectronics.
While we may acquire some of what we need
through nearshoring or friend-shoring, a long-
term solution must include increased domestic
capacity for the technologies that power our
way of life.

One sector where we have seen progress is
national defense. The Pentagon understands
the importance of substrates and PCBs for mis-
sion-critical applications. Defense Production
Act (DPA) investments have been awarded to
several of our member companies,and PCBAA
and IPC are jointly focused on sustained and
robust funding of the DPA account.

But national security is more than defense.
One of our legislative goals is to change the nar-
rative to include the trusted electronics pow-
ering telecommunications, banking, the power
grid, water systems, medical systems, air traf-
fic control, and many others. This is why Con-

gress must look past the CHIPS Act and invest
in substrates and PCBs. We’ve seen hundreds
of billions of dollars of private money follow
public action, and now is the time to support
the rest of the technology stack.

In the years ahead, we will meet with legis-
lators, policymakers, think tanks, and report-
ers to tell our story. Remember, the CHIPS Act
took almost five years to become law. That is
why we need to communicate our issues clearly
and consistently year over year.

Don’tsit on the sidelines as we fight to restore
American manufacturing; now is the time to
join our association and make your voice heard
in Washington. PpcBoo7

Shane Whiteside is chair of the
Printed Circuit Board Association
of America and president and
CEO of Summit Interconnect.

To read past PCBAA columns,
click here.

Miniaturizing a Laser on a Photonic Chip

Lasers have revolutionized the world since the
1960s and are now indispensable in modern appli-
cations, from cutting-edge surgery and precise
manufacturing to data transmission across optical
fibers.

There is a growing market for fiber lasers, which
are currently used in industrial cutting, welding,
and marking applications. They use an optical fiber
doped with rare-earth elements (erbium, ytterbium,
neodymium, etc.) as their optical gain source. They

f e -
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emit high-quality beams, they have high power out-
put, and they are efficient, low-maintenance, dura-
ble, and typically smaller than gas lasers. Fiber
lasers are also the “gold standard” for low phase
noise, meaning that their beams remain stable over
time.

But despite all that, there is a growing demand
for miniaturizing fiber lasers on a chip-scale level.
Erbium-based fiber lasers are especially interesting,
as they meet all the requirements for maintaining
a laser’s high coherence and stability. But
miniaturizing them has been met by chal-
lenges in maintaining their performance at
small scales.

Now, scientists led by Dr Yang Liu and
Professor Tobias Kippenberg at EPFL have
built the first ever chip-integrated erbium-
doped waveguide laser that approaches
the performance with fiber-based lasers,
combining wide wavelength tunability with
the practicality of chip-scale photonic inte-
gration. The breakthrough is published in
Nature Photonics. (Source: EPFL)
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Controlling an Alkaline Etch Bath
With Low Copper Loading

The Chemical Connection
by Don Ball, CHEMCUT

This month, I continue my discussion on
how much process control is actually needed
for high-density circuit production. However,
in the last month, I have been called on to help
with a specific process control problem: how
to control an alkaline etch bath when you're
not etching much copper. This problem has
been cropping up more frequently as smaller
shops (and a few larger ones) concentrate on
low-volume, high-value plated through-hole
panels such as prototypes, resistor cores, etc.

Alkaline etchants were introduced in the
early 1970s as production of double-sided and
multilayer boards requiring plated through-
holes began to increase. The advantage of alka-
line etchant over the alternative etchants was
that the Cu*' etching byproduct could be re-

oxidized back to Cu*? to maintain a steady etch
rate. The alternatives were all batch etchants
that required frequent make-up of new baths
and, especially in the case of chrome/sulfuric
acid etchant, were environmentally unfriendly.

Alkaline etch has three etchant parameters
that must be controlled to keep everything in
a delicate balance:

« Specific gravity: This is the main control
point. Copper is etched and dissolves into
the etchant, raising the specific gravity.
When the specific gravity increases to the
specified control point, replenisher fluid
is added to the system until the specific
gravity falls below the set point. The
replenisher fluid is basically etchant with
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no copper in it and excess amounts of
ammonia and ammonium chloride (to
replace losses of those two commodi-
ties during the etching process), keeping
everything in balance. The system works
well as long as there is a steady supply of
copper to be etched. If the supply of cop-
per is not steady, such as small lots of pro-
totype panels with long periods of time
between lots, or resistor cores with not
much exposed copper to be etched, then
the system begins to break down.

« pH: The pH continues to fall, even when
the system is not in use, because the
ammonia molecule is very small and vola-
tile and will continue to escape no matter
how well you think everything is sealed.
To get the pH up again and avoid the
dreaded sludge-out (low pH causing the
copper to crystalize out of solution) more
replenisher solution is manually added to
the system. Unfortunately, the amount of
replenisher that needs to be added to get
the pH back to spec lowers the specific
gravity to the point where the etch rate is
significantly changed. It then becomes nec-
essary to etch more copper (either scrap
or dummy panels from the plating shop) to
get the copper levels back up to spec.

« Ammonium chloride: Now you are using up
the ammonium chloride without replace-
ment since the specific gravity is too low
to trigger the replenisher flow and the pH
continues to fall again. You must manu-
ally add more replenisher solution to both
raise the pH and replace the chlorides
which, of course, drops the specific grav-
ity again and so on until everything is com-
pletely out of control.

What can be done? Here are a few things that
could help keep the alkaline etch system under
control.

One of the most important and least under-
stood parts of the system is venting, which is
needed to not only control ammonia fumes,
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but to draw air into the etcher for the reoxi-
dation process to get the Cu*' complex back
to the Cu** complex. There is such a thing as
too much venting. Too much venting will pull
more ammonia up the stack and contribute to
the pH problem. To set the proper venting the
draw on the vents on the etch chamber or after
the replenisher rinse should be set so there is
negative pressure in the etch chamber. This can
be checked by closing the vent at the etcher
entrance and holding a rag with the end soaked
in hydrochloric acid to the etcher entrance. In
the presence of ammonia, the rag will give off a
white vapor. Open the vents until the vapor is
just drawn into the etch chamber and no more.
This should be enough to keep the ammonia
fumes in the etcher. The vent at the entrance of
the etcher should be set so any stray fumes are
captured but not enough to interfere with air-
flow into the etcher.

Aqueous Ammonia

Use aqueous ammonia (30% ammonium
hydroxide) to raise the pH. This will still cause
some drop in the specific gravity of the etchant
but not nearly as much as using replenisher
solution. Aqueous ammonia should be avail-
able from any industrial chemical supply com-
pany in various size containers. Industrial grade
is okay; it doesn’t need to be laboratory grade.

Ammonium Chloride Crystal

Get some ammonium chloride crystal to
control the chloride content without affecting
the specific gravity of the etch solution. Weigh
out the amount of crystal you need to bring the
chloride level back into spec and place it in a
bucket. Draw some hot etchant from the etch
sump into the bucket and stir until the crystal
is dissolved, then pour it back into the etcher.
Just dumping the crystal into the etcher will
cause most of it to settle to the bottom and take
a significant time to dissolve. This should also
be available from any industrial chemical sup-
plier as well in 20- to 50-pound bags. Again,
industrial grade is good enough.



Prepping for More

If you've finished one lot but plan to do oth-
ers that day, leave the heat on, but shut off all
sprays, including water rinses and the dryer if
the system has one. Close the vent valves to
minimize ammonia loss. The butterfly valves
provided by most equipment suppliers for
venting do not close 100% so there will still be
enough vent to control fumes if the spray is off.

When you are done for the day but plan to
run the next day, follow the same procedure as
above but turn off the heat. Also, remove the
pH probe and put it into some 6M KCl storage
solution overnight.

It’s probably okay to leave the etchant in the
etcher for up to a week if the venting is com-
pletely closed or shut off and the solution is up
to specifications in terms of the specific grav-

ity, pH, and chloride levels. For longer peri-
ods between running, it would be wise to con-
sider putting the etchant back into the original
drums and sealing them tight.

Final Tip

Alkaline etchant is notoriously hard on pH
probes. Its viscosity is so low that it will inevi-
tably backflow into the probe. When this starts
happening, it is best to recalibrate the probe
before the first run of the day at a minimum
and, even better, twice per shift. pcBoo7

n ‘ Don Ball is a process engineer
at Chemcut. To read past

columns or contact Ball,

click here.

BOOK EXCERPT:

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

Chapter 3: Introduction to PCB Manufacturing
PCB manufacturing combines mechanical func-
tions like drill and rout, chemical processes such as

mation provided at this stage could lead to con-
fusion, delays, or extra costs in the quote. If your
prototype doesn’t need all of the specifications on

electroplating and copper etch-

ing, and hybrid processes like | PCB
lamination that use both chem- | PRO®S
ical and mechanical produc- o~
tion methods. These processes @"“ >ob @

are arranged to convert the raw
materials and your CAD design -
into a fully functional circuit o | e
board that will transmit electrical
signals as designed.

This chapter will lay out the pro-
duction process at a high level.

The first step in PCB produc-
tion should be to check the board
design requirements and print ;’
notes before submitting a request AN
for quote (RFQ) or online order. A | ¥™7 77 ==
thorough double-check of your
order form will ensure that the .
right specifications—such as pan- '
elization method, finish type, and ¥
solder mask color—are quoted
properly. Any extraneous infor-
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the prints, do not provide them.
Best practice is to only provide
what is needed for the build at
hand.

From there, it’s critical for
the designer to confirm that
the quote or order form specs
are aligned with the design. It
would be great if the manufac-
turer could read minds, but all
they can read is the order form

M
Taner Lipwe
1 Oxide + ]

4 and the information provided in
A A the files. The manufacturer will
famne\ /7N | build to the specifications on the

order, so if they are not accurate,
the board might not be manufac-
tured as the designer intended. If

¥ a manufacturer offers a CAD tool
S R W with DFM rule check module, it
" 7™ would be wise to use it. This will
help avoid tooling holds and pro-
duction delays.

Continue reading...

N
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¥75) MilAero007 Highlights

Lockheed Martin Awarded Contract
To Develop Artificial Intelligence Tools

For DARPA »

Lockheed Martin has been awarded a $4.6
million contract by the Defense Advanced
Research Projects Agency (DARPA) to develop
Artificial Intelligence (AI) tools for dynamic,
airborne missions as part of its Artificial Intelli-
gence Reinforcements (AIR) program.

Airbus Built, Copernicus Sentinel-2C
Climate Satellite Heading for

Launch Site »

After road transport from Airbus in Friedrich-
shafen to Bremen on 2 July, the Airbus-built
Sentinel-2C satellite, the third Copernicus Sen-
tinel-2 satellite, is about to be shipped to the
European spaceport in French Guiana.

Airbus Awarded German Armed
Forces Prime Contract for Military

Communications Satellite System »

Germany’s armed forces, the Bundeswehr, has
awarded Airbus the SATCOMBw 3 prime con-
tract for the next generation secure military sat-
ellite system which includes geostationary sat-
ellites as well as ground segment, launch and
operation for 15 years. The spacecraft are due
to be deployed before the end of the decade
and the contract value amounts to €2.1 billion.

Taiwan to Receive AV’s Switchblade

300 Loitering Munition Systems »

The U.S. Department of State announced
approval of a possible foreign military sale of
AeroVironment (AV) Switchblade® 300 loiter-
ing munition systems to Taiwan for an esti-
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mated $60.2 million. The proposed sale will
bolster Taiwan’s defensive capabilities and
supports U.S. national security and economic
interests in the Indo-Pacific region.

Stellantis Invests Additional $55 Million
In Archer Following Recent Flight Test

Milestone »

Stellantis N.V. and Archer Aviation Inc., a
leader in electric vertical takeoff and land-
ing (eVTOL) aircraft, announced Archer has
received an additional $55 million investment
from Stellantis under the companies’ strate-
gic funding agreement following the achieve-
ment of its transition flight test milestone last
month.

CACI Awarded $2 Billion Task Order
to Provide Modern Digital Solutions
to NASA »

CACI International Inc announced that it
won an eight-year contract valued at up to $2
billion to provide digital solutions technol-
ogy to standardize and centralize 11 of NASA’s
IT services under the NASA Consolidated
Applications and Platform Services (NCAPS)
award.

Airbus Awarded German Armed Forces
Prime Contract for Military Communica-

tions Satellite System »

Germany’s armed forces, the Bundeswehr, has
awarded Airbus the SATCOMBw 3 prime con-
tract for the next generation secure military
satellite system which includes geostationary
satellites as well as ground segment, launch
and operation for 15 years.


https://iconnect007.com/article/141417/lockheed-martin-awarded-contract-to-develop-artificial-intelligence-tools-for-darpa/141414/milaero 
https://iconnect007.com/article/141402/airbus-built-copernicus-sentinel2c-climate-satellite-heading-for-launch-site/141399/milaero
https://iconnect007.com/article/141393/airbus-awarded-german-armed-forces-prime-contract-for-military-communications-satellite-system/141390/milaero
https://iconnect007.com/article/141387/taiwan-to-receive-avs-switchblade-300-loitering-munition-systems/141384/milaero
https://iconnect007.com/article/141381/stellantis-invests-additional-55-million-in-archer-following-recent-flight-test-milestone/141378/milaero 
https://iconnect007.com/article/141363/caci-awarded-2-billion-task-order-to-provide-modern-digital-solutions-to-nasa/141360/milaero 
https://iconnect007.com/article/141393/airbus-awarded-german-armed-forces-prime-contract-for-military-communications-satellite-system/141390/milaero 

DESIGN TIPS #124:

ETCH COMPENSATION

What is minimum space and trace?
The answer depends on the starting
copper weight.

This is because we must do an etch comp
on the traces in CAM to compensate for
known etch loss. The space between
traces after compensation will play a role
in whether a board can be manufactured.

The lower the spacing width, the higher
the cost. Designers don’t always account
for the proper starting copper weight after
edge compensation.

Design tips:

- For accurate starting copper weight, add a
half mil (.0005”) to all copper features.

*Start with 3/8 or 1/4 oz. foil, reducing
etch comp and less likely to cause a
spacing issue.

*Boards that call for full body electrolytic
gold are not comped to avoid gold slivers
occurring during the etching process.

Before etching

After etching

During etching, trace
width expands beyond
the width of the resist.

<
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Thriving Through Partnership

Alpha Circuit’s Journey With IPS

Feature Interview by Marcy LaRont
I-CONNECT007

In this illuminating conversation with Mike
Brask of IPS, we explore IPS’s involvement in
the transformative journey of Alpha Circuit.
(To read full interview with Prashant Patel of
Alpha Circuit, go to page 60.)

Mike explains the strategic partnership
between the two companies. He reveals the
crucial decisions and investments that were
made to improve their manufacturing capabili-
ties, particularly in copper plating. The discus-
sion also touches on the changing technologi-
cal landscape, emphasizing IPS’s commitment
to innovation and client support, which has
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greatly contributed to Alpha Circuit’s growth
and operational excellence.

Marcy LaRont: Mike, let’s talk about your part-
nership with Alpha Circuit in building the new
fabrication facility. Barry Matties recently
toured Alpha’s new facility, and Alpha CEO,
Prashant Patel, took Barry through the jour-
ney of standing up the facility from the lens of
an industry outsider. Tell us about what you
put into place for them.

Mike Brask: When we started working with
Alpha Circuit on its new facility, Prashant
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Mike Brask

was transparent and resolute about his needs.
Being new in the marketplace, he surrounded
himself with an excellent team of professionals
who provided insight into where he could save
money and where he should spend it.

Prashant replaced smaller pieces in his shop
at lower costs using offshore buyers because
he expected a shorter lifespan. He knew they
would be easier to change out. Meanwhile, for
a large, high-end plating line, he was encour-
aged to use a U.S. manufacturer.

He also still owned the older facility, Alpha
Circuit One, which was running in parallel to
this new facility being built. In that, he had a
lot of dated equipment. Based on that, he knew
copper plating was an area where Alpha Circuit
needed to enhance its capabilities and where
Prashant knew they needed a strong supplier
partner. He selected IPS because we have a
good reputation with bigger lines and, impor-
tantly, the service and support that goes along
with keeping something that large running. We
right-sized the line for his shop, not just for his
immediate needs, but for his future growth,
putting in via fill and other high-end features
that they are already taking advantage of.
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After the line was installed, we stayed in close
contact and worked through different technol-
ogy issues as they were learning how to run
the new shop. Lately, we’ve been working with
them on increasing plating speeds and pro-
viding alternative solutions, such as adjusting
certain consumable parts which have allowed
them to increase the ASF and reduce plating
times. They’re just implementing those things
now. We’ve been available days, nights, and
weekends to support them when and where
it’s needed.

In implementing an expansion, it is critical to
have a supplier that will be there.

Whether it’s Prashant who calls me or any of
his key people, they all get the same high level
of attention and response.

About a year ago, IPS had begun networking
its equipment and offering data management
to customers. Is this a high-demand area for
IPS?

Our customer base is evolving hard into that
area. We have a significant advantage in that we
don’t subcontract our programming. So, when
we get a challenging request like a customer
wanting to query some specific data or tie into
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their database and MRP systems, our pro-
grammers are in-house and able to respond.
It is not intimidating for us to make commit-
ments that vary from the norm. Many software
suppliers often respond negatively if you hit
them with a little bit of a change or a special
request. The data acquisition and management
part of these processes has always been a chal-
lenging gray area. If the copper on your boards
doesn’t come out right, what happens? Having
a time stamp of everything that took place with
that process, a clear record of the chemical
additions to maintain the process, and a tight
hysteresis between the tanks so you get
repeatability in all the cells is a huge deal when
you are making production quantities. We
open up those highways so that customers can
query the system and get the data they need.
Alpha Circuit has implemented this in its new
facility.
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In the PCB industry, we have strug-
gled not only with getting the data but
with exactly what to do with it when
we have it. It’s good to see this devel-
oping.

Our industry has always been a little
bit trendy. The now commonly used
term, “Industry 4.0,” initially sparked
a lot of curiosity, but there’s still an
incomplete understanding of what that
is, and especially, how a specific fabri-
cator can implement it in their facility.
Customers are starting to ask me about
how to be “Industry 4.0 compliant.”
So, it is about the evolution of work-
ing with your customer base to stream-
line their needs, and some of that will
naturally lead to a conversation about
chemical handling and the manage-
ment of these systems.

What is in the Alpha Circuit line, how
big is it, and what is it allowing them
to do in terms of their technology?

From a technology standpoint, Alpha
has the complete capability to pro-
gram all their recipes and vary the cycles any
way they want on any single flight bar. They are
now able to do higher aspect ratios, improve
their copper distribution and uniformity, and
do VFL —all automatically.

Tell me about the automation piece.

These are typical automated cranes that move
flight bars through a Betty Crocker process of
a recipe. The tank attributes are what separate
it from older technology and plating tanks.
Prashant introduced inert anodes at Alpha
Circuit vs. anode baskets, and copper oxide
instead of copper balls—methods which pro-
vide better, more consistent Cu distribution
across the board.

Now Alpha is working on increasing plating
speed. We introduced some new anode types
to Prashant and demonstrated that they would
facilitate plating speed. After doing some tests,
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he found that he’s been able to double his ASF,
which shortens his plating time and gives him
more throughput capacity on that piece of
equipment. So, now he is working on that bal-
ance of how far he can push the speed and still
get the quality he needs.

I know you’ll be with him every step of the
way.

We want our customers to be successful. We
can’t afford a circuit board shop in North
America not to be. Anything that we can do to
help, we will do it.

What about corollary benefits like reducing
waste and water usage?

The line definitely has water-saving features
as far as controlling the rinse water and the
amount of water that goes through it. Alpha did
a lot of work on its waste treatment and work-
ing toward better water recycling, to the tune
of 70%. It’s fairly cost-effective to get to that
70-80% recycling mark. It gets really expensive
to go that last 20%. Prashant and Alpha have
done a nice job with that. They have oodles of
good water, and it is now less important for
him to control it at the plating line because he’s
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catching it on the back end and recirculating it

there.
Through this experience with Alpha Circuit’s

new facility, what would you say they have
done really well?

Prashant and the Alpha Circuit team did a
really good job on the discovery side in their
due diligence to know what they wanted to
put into the new facility and understanding
exactly where they wanted to be in the mar-
ketplace. If you add up the years of experience
that group has been making circuit boards, it’s
a very long time. When your customers are
where they want to be, that’s when you feel
we’ve done everything right by them. Being
there to service and support them is the big-
gest thing.

Service is everything in this business. Mike,
do you have any closing thoughts?

We are really proud of our partnership with
Alpha Circuit, the way we could work with
them, and how they worked with us. It led to
some other opportunities with the used equip-
ment side of our business where we were fur-
ther able to support them.

I would like to acknowledge our excellent
team and IPS’s approach to service. I like to
compare our support to the fire department.
If you have a big fire, you send the big ladder
truck and a bunch of smaller trucks. If it’s a
small thing, then you send out the brush fire
truck. Every situation is different. The advan-
tage we have on the support side is that we
can respond appropriately depending on the
skill set the customer needs. We have a deep
and qualified pool of talent to draw from, to
put the right guys together to accomplish
whatever it is they want. Our shops are all
vertically integrated. We bring the parts with
us, and we are very proactive with our cus-
tomers.

Congratulations to IPS on a job well done,
and thank you, Mike, for your time today.

Good to talk to you, Marcy. PcBoo7



O}
_ P R .
s SweY = _va=—

hﬁ\f\’ PR Q&:ﬁ-r

‘\\‘! Sy

=

—

amvdl )\

PN BRSSP ) =

2z > —
Z = &'.é?

- i -::wﬁﬁ.
. dmm "AIF“M AL

' —
“' .

HIGH RELIABILITY FORUM

October 9-10, 2024 | McKimmon Center | Raleigh, NC

Do you manufacture, design, or test
electronics for mil-aero, automotive,
and long-life applications subjected to
harsh use environments? If so, don’t
miss the IPC High Reliability Forum.

. \
o i T \ / g vl
Exhibitors & Sponsors: L) gty REGISTRATION S
{ is now
eltek *
a MNistec company /x & o O P E N 4
HKYZEN ZESTRON N %) 3N

For more information visit: ipc.org/event/high-reliability-forum


https://www.ipc.org/event/high-reliability-forum

Novel Ultra HDI
Architectures

Happy’s Tech Talk #31

by Happy Holden, I-CONNECTO007

Ultra HDI has become the focus for many
fabricators, especially as the follow-on for
the 40-year-old conventional HDI. But there
is more to UHDI than just finer traces and
spaces. Novel architectures have been devel-
oped that complement the new dense lithog-

Conductor

Y Power
Conductor

X Power
Conductor

X Ground
Conductor

Figure 1: 1) When using microvias for BGA breakout, the smaller size allows the vias to be “swung” to create
larger channels on the inner layers for routings, as seen in A—C; 2) VeCS is a 3D architecture for connections
to any inner layer without sequential lamination or plating; 3) IMPS uses the finer traces/spaces and micro-
vias to reduce the total layers to only two coplanar layers; 4) Power mesh is similar to IMPS but GND is kept

raphy. Figure 1 shows four of them:

1. Swing blind microvias'

2. Vertical conductive structures (VeCS)?
3. Integrated mesh power systems?®

4. Power mesh*

as a return reference layer and the inner layers route signal and power.
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A-BGA Pitch
e At.| 0.4 | 05| 065 | 0.8 | 1.0
a. | 022 | 0.25 | 0.30 | 0.40 | 0.50
B-SMT Land ! :
) b. | 020 [ 022 | 025 | 0.35 | 0.45 +—A >
c. | 0148 | 0.20 | 0.22 | 0.30 | 0.40 ; o ; ‘/B
. . a. 0.2 0.24 0.26 0.28 0.3 . ’ .
C-Via Land Dia 1 /G 1
(mm) b. | 0.16 | 0.2 0.21 0.23 | 0.25 |- : . . of Gk
c. | 012 | 0.16 | 0.16 | 0.18 | 0.2 ! Q :
a. | 018 | 0.25 | 0.35 | 0.40 | 0.50 !
D-Pad Space : /'. +
(mm) X-Y b. | 020 | 0.28 | 0.40 | 0.45 | 0.55 ' E E 5 A
c. | 022 | 0.30 | 0.43 0.5 0.6 | c” C
E-Pad-Land a. | 0.346 | 0.457 | 0.619 |0.731| 0.914 | PY r'd \ /
Space (mm) | b. | 0.366 | 0.487 | 0.669 | 0.781 | 0.964 I ' I
Diag. c. | 0.386 | 0.507 | 0.699 |0.831| 1.014 ) | v
F\Via a. | 0.146 | 0.257 | 0.419 |0.531 | 0.714 : ' ;
Dia. (mm) b. | 0.166 | 0.287 | 0.469 | 0.581 | 0.764 . O ;
c. | 0.186 | 0.307 | 0.499 |0.631| 0.814
a. 0 0.01 | 0.065 | 0.12 | 0.2
etz b 0.04 | 0.05 | 0.115 [0.145| 0.22
Space {mm) - - - - - -
c. | 0.o8 | 0.09 | 0.165 |0.175| 0.25

Table 1 (left): Swing microvias based on BGA pitch and SMT land sizes
Figure 2 (right): Swing microvias’ geometries.

One of the major advantages of HDL and  Bgulevard Routings

especially ultra HDI, is the miniature features
of the process. Since the microvias and lands
are so small, they can be swung around at var-
ious angles between the BGA lands, as seen in

Figure 2. The angles and distances
(Table 1: E, G) will depend on the
BGA pitch (Table 1: A) and where
the microvia is placed relative to
the BGA SMT land (Figure 3).

HDI Stackups

Chapter 3 of the HDI Handbook'
shows multiple stackups that pro-
vide for distributed capacitance
and X-Y routing layer pairs (Figure
4). The finer geometries of UHDI
and HDI require thinner dielec-
trics to maintain their imped-
ances, which can also lower cross-
talk and improve signal integrity
and PDN impedances.
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The biggest gains from these HDI struc-
tures are the additional routings available on
inner layers (Figure 5). By concentrating the

Inset nvip Partial vip Offset-center vip

5710 (o)

-
2N N

Figure 3: (Near)-via-in-pad techniques can have multiple angles
depending on the BGA pitch and land size, the microvia’s land
size, and where the microvia is placed. These can be a dog-bone,
an inset uvia, partially in the microvia and fully in the microvia (but
not in the center).
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TYPE | TYPE |-drill TYPE Il TYPE I1-drill

SMT/GND SMT/GND SMT/GND SMT/GND
SIG-H
SIG-H SIG-H SIG_H
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A
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TYPE Il TYPE ||| from other planes
SMT/GND
PWR
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Figure 4: Trying various stackups for the HDI construction allows the use of UHDI geometries, especially if
controlled impedance transmission lines are important, as the dielectrics will be thin. Using horizontal/verti-
cal routing pairs with microvia connections will provide the best signal-integrity performance.

BGA breakout microvias together,
many additional routing channels
are opened up. This allows many
more traces for the breakout that
could not be achieved with the
conventional N-S-E-W dog-bone
breakout structure and with only
two laminations. This is coupled
with the ground plane moved to
the surface for improved return
paths. Complex and high-density
BGA can be connected with very
few build-up layers, increasing
reliability and ease of construction
(Figure 6).

Vertical Conductive

Structures (VeCS)

VeCS was developed by NextGIn
Technologies from the Nether-
lands in 2017. The innovative, true
3D structure provides for vertical
layer connections to layers with-
out sequential lamination by using
routed trenches. The trenches are
made during drilling with new,
special drill/router bits produced
at various controlled depths. The
trenches allow metallization and
plating, as seen in Figures 1 and 7a.

; II
’ X

GND/SMT 1
X-routing | A
Y-routing
POWER

1-2 uVia .25 mm pad
1.3 uVla 25 mm pad

e
RS
|

2-11 Blind via
2-11 Blind via.

Wl 1-2uVia 25 men pac|

Figure 5: Top and side view of swing microvias showing the
increased routing and break-out density available by creating
routing boulevards.

Ground Stitching for Return Path

Figure 6: Examples of swing microvias used for a fine-pitch, com-
plex BGA breakout where the GND return path is merged with
the SMT land patterns to provide for higher density and improved
signal integrity.
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Figure 7: a) VeCS are a true 3D architecture brought about through the use of drill/router slots that allow
metallization and plating, and then the slot vertical connectivity is isolated by secondary drilling; b) HDI
example of 4+4+4 replaced with (c) by drilled slots or (d) microvias plus VeCS core; e) Connections are made

to the plated slot-edge view and top view?.

As an example, my TechTalk #1* provides
an example of a 4+4+4 (Figure 7b) HDI build-
up replaced by the VeCS example in Figure 7c
with only one lamination and no laser-drilled
microvias or in Figure 7d with the use of micro-
vias over the VeCS core.

VeCS is used for interconnections by creat-
ing a routing channel (slot) in the printed cir-
cuit that then can be metallized and plated eas-
ier than high-aspect ratio vias and will allow
connection to inner layers. The channels can be
created by existing PCB fabrication equipment.
This allows HDI densities without significant
added costs yet easier fabrication processes
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and higher electrical performance and reliabil-
ity. The process and applications already devel-
oped by NextGIn Technologies are: VeCS-1,
-2, and -HDI. The three main combinations of
their interconnect slot technology:

o VeCS-1: Where the channel (slot) goes
through the substrate

e VeCS-2: Where the slot is formed as
blind or in a hybrid-blind and through-slot
combination

e VeCS-HDI: Laser-drilled microvias are
used for fine-pitch utility on ultra-
fine-pitch components
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With channels (slots) formed from both
sides, the 3D vertical traces provide greatly
increased density without sequential lamina-
tions. Replacing larger through-hole with slots
provides better power integrity for new power-
hungry chips while lowering inductance and
capacitance for improved signal integrity.

The Channel or Slot

The all-important step of metallizing and
plating the typical 0.3-mm blind slot (Figure
7a) is shown in the column of various depths
and lengths (from depths of 0.47 mm to 1.23
mm and lengths of 0.6 mm to 1.8 mm). Some
of the smaller aspect ratios have insufficient
chemical exchange but the majority have
excellent chemical exchange for normal plat-
ing baths. The new alternative drill/router bits
have successfully created channels of 0.1 mm
with straight walls and no burring.

Fabrication Process

The VeCS fab process starts with a conven-
tional through-hole multilayer. The process
has eight steps:

1. Create slot

2. Plate slot

3. Alignment in BGA pin field

4. Resin fill PR slot and PR stencil

5. Drill CR slots

6. If vertical traces are used, drill BR slots
7. BR/CR stencil

8. Resin fill BR/CR slot

First, after drilled vias are completed, the pri-
mary cross-rout (CR) slots are put in. Here, a
special drill/router bit uniquely suited for this
operation is used. Much work and experimen-
tation were conducted to perfect an ideal drill/
router bit for this task. Then metallization and
copper plating are performed. Resin is now
used to fill the CR slots. Curing is the important
step of cross-routs that create the vertical inter-
connects. If vertical traces are used, drill/rout
out the back-rout (BR) slots. Then, selected vias
and slots are resin-filled and cured. In step 7, for
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pattern plating, the normal process resumes of
imaging, plating, stripping, and final etching.
In the final panel, the board would be solder
masked, with any final finishes and fabrication.

Figure 7e shows a 3D cut plane view and the
inner layer connection and surface connection
views for VeCS.

Integrated Mesh Power Systems (IMPS)

In the late 1990s, thin-film multichip mod-
ules (MCM-D) were to be the salvation of the
interconnect industry. Fine-line lithography
would allow miniaturization with ease. Unfor-
tunately, the four or five metal layers to which
integrated circuits were wire-bonded proved
to be too expensive compared to printed cir-
cuit multilayers and the emerging silicon inte-
gration on ball grid arrays.

IMPS technology was created to reduce the
cost and metal layers on thin-film and ceramic
multichip modules. The IMPS topology can
reduce the metal layers to only two or three.
This results in a substantial cost reduction and
simplification while not affecting electrical
performance.

Background: IMPS

The scientists at the High-Density Elec-
tronics Center (HiDEC) of the University of
Arkansas, Fayettville, invented IMPS in the
mid-1990s. IMPS allows a low inductance co-
planar power and ground distribution, as well
as dense, controlled-impedance, low crosstalk
signal transmission in only two wiring layers.
Figure 1° shows the basic IMPS technology.

The conventional metal wiring topology is to
have signals on one metal layer and power and
ground on separate metal layers. The resulting
usage of these expensive metal layers is quite
low. Signal layers may have only 50-60% utili-
zation and power/ground layers only half that
amount when either the coarse mesh or fine
mesh is utilized.

They may be made smaller (if signal losses
can be tolerated), but the spacing cannot.
High-speed, fast rise-time signals are sensi-



tive to crosstalk, so the signals still must be
separated. IMPS uses that separation to route
power and ground. To prevent current starva-
tion at devices, an adjacent metal layer running
orthogonal is connected by buried vias at each
junction where the two layers cross each other.
This layer-pair topology is an “interconnected
mesh” that can thus provide all the power/
ground connections without voltage loss and
connect the signal for these devices.

IMPS Design

IMPS was developed in the late 1990s for
MCM-D design using thin-film metallization
on liquid dielectrics. Fortunately, PCB tech-
nologies have improved in the last 30 years such
that UHDI technologies can now achieve these
thin-film geometries. The various SAP metalli-
zation on polyimide film or ABF organic films
can be employed, including the use of metal-
backed thermal laminate.

L1: signaln el

L2:signal | B B B

The architecture is based on the current use
of a power mesh in integrated circuit design.
But instead of the single metal use, IMPS
employs two metals and adjacent layers, con-
nected by vias, to form the mesh (Figure 8). In
Figure 8, L1 and L2 are the ground mesh, while
L1: VCC-L2: VCC and L1: VDD-L2: VDD
shows the power mesh. The two are merged
with the open area of X-Y routings, as seen in
L1: signal-L2: signal.

High-density MCM-BGA Application

In 1996, HiDEC used flexible film and tape
BGA (TBGA) technology along with microvias
and the IMPS topology, to create an MCM-L
with only two metal layers instead of the con-
ventional four metal layers of an MCM-D. This
test vehicle puts two IMPS metal layers, which
provide signal wiring and power distribution,
on the two sides of a polyimide film. One side
contains mounting pads to which the dies are

L1:GND | g o r=gT——1 =\ -1

GND

L1: VCC
I

L
B L2: vDD

VCC

VDD

I -:--"‘-r- T

() -m G —

IR BB Bl
a

I, -l b -011

Figure 8: The IMPS design steps using only two metal layers composed of the IMPS two-metal layer mesh
of ground; the two-metal layers mesh for power distribution; and two-metal layer-pair conductors on the

organic substrates all integrated.
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wire bonded and discretes are soldered. This
side is encapsulated. The other side has the
lands in a ball grid array pattern. A part of the
IMPS artwork is shown in Figure 8.

The test vehicle was built on 2-mil Shel-
dahl adhesiveless polyimide film, ViaThin™
The basic design rules are 50 pm lines and
spaces, 150 pm via target lands over 25 pm
laser drilled vias. The IMPS mesh consisted of
200 pm lines and 50 pm spaces, with the lines
offset from the via row or column centers.
Wirebond pads consisted of 200 pm x 350 pm
rectangles on both metal layers, tied together
with two vias.

Power Mesh Architecture (PMA)

The power mesh architecture was derived
from the interconnected mesh power system
(IMPS) developed and patented by HiDEC®.
The IMPS topology was created to reduce the
cost and metal layers on thin-film and ceramic
multichip modules.

The power mesh architecture (PMA) for
PCBs is presented in Figure 9. My Tech Talk

- SM
1 SMT/GND

on IMP® has impedance tables as well. The
initial application of PMA is shown, as well as
an application that helps develop the wiring
density model for PMA.

In 1993, a large electronics OEM had the
problem ofhaving to redesign the control board
of their largest 3.5" hard disk drive. The boards
were a standard 3.87" x 5.45" but their prob-
lem was that they wanted to cut a 2.8" diam-
eter hole in the board so that another platter
could be added to the drive. This would enable
the drive to have a capacity of 16 GB, quite a
capacity for 1993. The solution to the loss of
nearly 5.8 square inches out of 17.5 square
inches was to employ microvias and microvia-
in-pads. The new microvia board (called Lynx)
was designed with a reduced surface area and
as a six-layer design (1+4+1), two fewer layers
than the original.

Reading about the IMPS topology from
HiDEC in 1994, the Lynx board was again rede-
signed to a four-layer construction. To mini-
mize the microvias, the outer two layers (1 and
4) were flooded with ground and only power

-pp —

2 Sig/PWR
- Core —»

3 Sig/PWR

- PP ——

4 SMT/GND
- SM

Figure 9: Power mesh was adapted from the IMPS architecture but does not route GND
bussing. Power mesh is an offset coplanar stripline transmission model 5.

94 PCB007 MAGAZINE 1 JULY 2024



!
I\ PERFECT POINT®

PRECISION CARBIDE TOOLS

Drilling Solutions
for your PCB Fabrication

We ofter a complete line of Drills, Routers, Endmills and

Specialty Tools. We have the most experienced technical

support team in the industry, and a world-class Repointing
Service in US and Canada.

www.perfectpoint.us


https://www.perfectpoint.us

and signals were placed on the inner layers.
Figure 1* shows the new power-signal routing
architecture, which was called power mesh to
differentiate it from IMPS.

Electrical Model

The original Lynx board was not controlled
impedance, but additional PCB designs that
used power mesh were. The consensus is that
power mesh is an offset coplanar stripline.
Figure 9 shows the cross-section and stack-up
for the PMA.

The crosstalk model indicates that the power
mesh architecture creates a naturally low cross-
talk condition. Each signal trace of X-width
is approximately 3X or 4X distance from the
next signal, depending on the power trace
width. This creates horizontal crosstalk of less
than 2%. The vertical crosstalk is extremely
low. From 15 mV/V for thin cores (0.012") to
2.6 mV/V for a thick core (0.051").

Wiring Model

In 1994, StorageTek, an OEM in Colorado,
conducted performance benchmarking with
microvia designs and fabrication. The successes
of that program contributed to its continued
use of microvias. In 1998, it became apparent
that they required some wiring model to indi-
cate that a microvia structure was required. In
performing that model development, a power
mesh benchmark was designed for one of the
microvia boards. Figure 5 in Tech Talk #28
shows the two inner layers of the four-layer
power mesh structure and two of the six inner
layers from the original eight-layer through-
hole design. The wiring density model for the
power mesh architecture is:

Power mesh = 17 to 40 signal inches per
square inch per layer*

o Calculate the statistical wiring density
using Coors, Anderson & Seward*

o Calculate the Manhattan wiring density
using Wd = 0.0068(X)"2 - 0.1644(X) +
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35.1, where X is the Coors statistical
wiring density

e Calculate the routability index for power
mesh

o Calculate the layout efficiency using L.E.
(%) = 4.0642(RI)" - 1.189, where Rl is
the routability index

* Dependent on trace width and spacings

Summary

The new microvia topologies of swing vias,
VeCS, IMPS, and power mesh have demon-
strated that applications to simplifying complex
multilayer, PBGAs, and MCMs to UHDI are
available. VeCS can reduce process costs; IMPS
can reduce the structure to a two-metal inter-
connect, while power mesh uses a four-layer,
reinforced laminate structure. These results
show that these topologies have the capacity of
positively impacting how electronic products
are packaged and interconnected. PcBo07
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_ Beyond Prepreg: The Glassless ‘Revolution’

As our industry rallies around the call to action for HDI and UHDI, we
find unparalleled and myriad laminate options. This abundance is

é rivaled only by the question surrounding them: Can they measure up to
A the high technology packaging demands required in our near future?
Unsurprisingly, recent developments in FR-4-esque materials for high-

speed and high-density designs, as well as newer, glassless technology for replacing traditional
glass-impregnated laminates and prepreg, are garnering much interest.

Overcoming Workforce Challenges
from Onboarding to Upskilling

Everyone seems to be talking about workforce
and staffing, but after the pandemic, staffing for
manufacturing jobs became an even greater
challenge. In April, IPC published a white paper,
“Building Electronics Better: A Plan to Address
the Workforce Challenges Facing the Electron-
ics Manufacturing Indus-
try.” The paper addresses
myriad issues surround-
ing workforce recruitment,
development, and reten-
tion while outlining a spe-
cific approach to tackle
these challenges.

Forty Years of Innovation
at Electra Polymer

Don Monn, national
sales manager at Elec-
tra Polymers, talks
about the company’s
40th anniversary and
recent developments
in inkjet solder mask
technology. Don shares
insights on the company’s history, com-
mitment to innovation, and the environ-
mental benefits of its products. He dis-
cusses the challenges and advance-
ments in the circuit board industry since
the 1990s, emphasizing the importance
of education and mentorship.

The Chemical Connection: Can the Limits of

Subtractive Etching Be Extended?

Subtractive etching has been the technology of choice since the era of
PCBs began in the mid-1950s. | can remember TV ads for one manufac-
turer that claimed their TV sets were of much higher quality claiming, “We
use wires to make the connections for our television sets, not cheap printed

circuit boards.” Imagine that. Many alternative technologies have been tried—e.g., conductive inks
applied with an ink jet printer, direct metallization, and semi- and fully-additive manufacturing—but
none have been able to match the low cost and high productivity of the subtractive process.
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Webinar Review: Women Reshaping
the Engineering Landscape

CIPci IPC celebrated Interna-
tional Women in Engi-
neering Day with “Bold
Breakthroughs: Women
Reshaping the Engi-
neering Landscape,” a
webinar moderated by
Teresa Rowe, IPC senior

4
’ pe
e\l\"“‘:ﬂ""ﬁ\“
f O“o
director of assembly

and standards technology.

New IPC Europe Report,
Advocacy Campaign

In the European Union, as in the United
States, today’s geopolitical realities are
shaping a new approach to the region’s
industrial strategy. The wars in Ukraine

and the Middle East, as well as tensions in
East Asia and actions being taken in other
regions to support key industries, are height-
ening Europe’s focus on measures to close
productivity and innovation gaps, especially
where they raise security concerns.

Revolutionizing PCB Prototyping
With ML and AM

When it comes to printed circuit board
(PCB) development in particular, traditional
methodologies are being reshaped by the
convergence of additive manufacturing
(AM), machine learning (ML), and artificial
intelligence (Al), and propelling the
evolution of electronics manufacturing

to unprecedented heights. Traditional
methods have typically involved intricate
design iterations, extensive manual labor,
and significant material waste.

It's Only Common Sense:
Saving a Great Customer When
Things Go Wrong

Handling a serious problem
with a long-time customer,
especially when both parties
share some blame, requires a
delicate balance of diplomacy,
accountability, and strategic
thinking. The goal is to resolve
the disagreement without sacrificing the valu-
able relationship. The last thing you want to do
is win the battle and lose the war.

Dan Beaulieu

American Made Advocacy:
Changing Leadership and

Three Years of Advocacy in D.C.
This month, my term as ’&:’;%/\
chair of PCBAA ended, \

and | turned over those '
responsibilities to Shane
Whiteside, CEO of Summit Interconnect.

We have representation from companies
and individuals in manufacturing, assem-
bly, and materials. | look forward to work-
ing with Shane in his new role at PCBAA.

Material Insight: Diversifying PCB
Manufacturing Through Nearshoring

In recent years, there has been a notable shift in
the electronics manufacturing supply chain land-
scape. However, the global supply chain for the
domestic PCB industry has been steadily shifting
since the 1980s, when the United States began
offshoring PCB manufacturing to other countries.
But because of the quality control issues, rising
international tariffs, and unclear intellectual prop-
erty protection involved in offshoring, reshoring
has become a particularly hot topic.

For the latest news and information, visit PCBO0O7.com
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Opportunities

all4-PCB

NORTH AMERICA

Capital Equipment
Sales Go-getter

all4-PCB is a well-established distributor
that represents a wide range of manufacturing
equipment for the printed circuit board man-
ufacturing and chemical milling industries, as
well as other high-tech markets.

Looking for a self-driven, dynamic, high
energy, results-focused, well-organized sales
personality—a closer. Ideal candidate is a fast
learner, can retain a lot of information, and
understands that selling machines is about
selling a process solution to a customer.

A sales-driven personality with a high level
of interest in and aptitude for learning about
technology can be a star performer. The tar-
get market wants consultative selling address-
ing customer needs.

The sales process includes all means of
customer prospecting with up to 50% travel
expected. Generating quotations, clarifying
commercial and technical details/expecta-
tions between customers and the international
equipment supply partners, negotiations, sales
closing, and the required follow-up work are all
part of this role. The sales territory is the U.S.
& Canada.

This technical sales representative posi-
tion can be located in either all4-PCB’s Glen-
dale, Calif,, office or remotely in an area with
a higher concentration of potential accounts.

This role is ideal for applicants interested in
a position that provides extensive international
exposure, a generous commission system, and
freedom to get things done in a small, yet pro-
fessional, business environment.

apply now

8§ 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
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Opportunities

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 pas-
sion for solving complex problems and delivering
exceptional customer experiences? Look no fur-
ther than Schmoll Americal!

As a Service Engineer, you'll be the driving
force behind our customers’ success, providing
top-notch technical support and maintenance ser-
vices 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

TAIYO

AMERICA
Europe Technical Sales Engineer

Taiyo is the world leader in solder mask prod-
ucts and inkjet technology, offering specialty dielec-
tric 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
customers 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

102 PCB007 MAGAZINE 1 JULY 2024



https://www.schmollamerica.com
mailto:HR@schmollamerica.com?subject=Service Engineer help wanted ad seen in PCB007
https://taiyo-america.com
mailto:BobW@taiyo-america.com?subject=Europe Technical Sales Engineer ad seen at PCB007

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 work-
force 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 engi-
neers, 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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. 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 primar-
ily 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 Southeastern U.S. territory. With 35+
years of experience, our PCB manufactur-
ing 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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/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 Ar-
lon’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 mate-
rials for use in a wide variety of printed circuit
board applications. Arlon specializes in thermo-
set resin technology, including polyimide, high
Tg multifunctional epoxy, and low loss thermo-
set 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 communica-
tion products).

Our facility employs state of the art produc-
tion 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 manufac-
turing site is 1ISO 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

X

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
experience with a drive and atti-
tude that match our company cul-
ture. This is a great opportunity to
join an industry leader in the PCB
and PE world and work with a ter-
rific team driven to be vital in the
design and manufacture of future
circuits.

apply now
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I MivaTek

1 Global

Field Service Technician

MivaTek Global is focused on providing a
quality customer service experience to our
current and future customers in the print-
ed circuit board and microelectronic indus-
tries. We are looking for bright and talented
people who share that mindset and are en-
ergized 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? En-
joy 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 ma-
chine installations in China, Singapore, Korea,

and India.
apply now

< 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 re-
quired. IPC-7711/7721 or IPC-A-620 CIT certification
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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ﬁT American Standard Circuits

!j Creative Innovations In Flex, Digital & Microwave Circuits
“ﬁ-.l‘

CAD/CAM Engineer

The CAD/CAM Engineer is responsible for review-
ing customer supplied data and drawings, perform-
ing design rule checks and creation of manufactur-
ing data, programs and tools required for the manu-
facture 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.

« ltemize and correspond to design Issues with
customers.

« Other duties as assigned.

ORGANIZATIONAL RELATIONSHIP

Reports to the engineering manager. Coordinates
activities with all departments, especially manufac-
turing.

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 Orbotech/Genflex CAM
tooling software.

PHYSICAL DEMANDS

Ability to communicate orally with management
and other co-workers is crucial. Regular use of the
phone and e-mail for communication is essential.
Sitting for extended periods is common. Hearing
and vision within normal ranges is helpful for normal
conversations, to receive ordinary information and
to prepare documents.

apply now
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Educational Resources

PODCAST | SERIES 3

‘ON THE

INE PCB 3.0: A New
;o Design Methodology

4

_Wlth_ Team Cadence

LISTEN NOW! (®)

I” BOOkS The Printed Circuit Designer’s Guide to...

Manufacturing Driven Design

by Max 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
! production process fundamentals and factors within the process. Read it now!

mw 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.

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