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Asleep at the Wheel?
Nolan’s Notes

by Nolan Johnson, I-CONNECT007
We’ve all heard the news stories about drivers taking “full” advantage of the conveniences
offered by the current crop of semi-autonomous
vehicles. We’ve seen the photos and the videos of drivers reading or, even worse, sleeping
while their car drives itself in freeway traffic. On
the one hand, it’s shocking that people would
put so much trust in the system to keep them
safe—some people close
to me can’t even sleep in a
vehicle as a passenger, let
alone as the driver.
But on the other hand,
I suppose we really
shouldn’t be surprised.
Human ingenuity is driven
by laziness, and much of
the new, emerging technologies enable that kind
of creativity. Legend has
it that Benjamin Franklin—American publisher,
inventor, and statesman—
once credited his inventions on a tendency to be “industriously lazy.”
And who among us hasn’t, at some point in
their life, extended the function of some purpose-built item or tool to solve a new, unanticipated problem? Surely, you’ve used a screwdriver as a chisel, for example. Or maybe you’re
one of those folks who has folded a post-it note
folded into a catch basin and attached it below
where you drill a hole in the wall to catch all of
the wall dust? Mac users, you do know how to
open a crown bottle cap with your wall plug,
don’t you? Give people a tool—and an unfulfilled, unrelated need—and they’ll figure out a
way to fill their need with what they have.
Yes, resourcefulness is at the center of the
art of being “industriously lazy.” But let’s not
forget that current self-driving features are in8 PCB007 MAGAZINE I OCTOBER 2019

tended to serve as driver assistance, not driver
replacement. Ultimately, it is the human operators who are expected and required to stay alert
and on call to take over driving responsibilities
whenever necessary. Still, I can hear some of
you muttering, “If, when using driver assist, I
have to stay as alert as if I were driving in the
first place, then what is the value to that technology?” And that’s a valid point.
Consider, then, the “call
my car” feature on some
current autonomous vehicles. The concept is simple: beep your car, and
the autonomous driving
features activate, maneuvering your car to your
location to pick you up.
Think of this as a built-in
valet for your car; it seems
quite convenient. And it’s
easier to wrap one’s head
around than letting your
car drive itself down the freeway at life-ending
speeds.
But there’s a risk even in valet mode: pedestrians. Imagine if every car in a mall parking lot
could start moving by themselves without any
operator present. The presence of a person in a
vehicle provides the cue that we look for to assess the likelihood that a car near us could start
moving. Take away that critical cue, and we
could have a world where any car could start
moving at any time. Parking lots could turn into
a motion-based minefield. The liability is huge.
In this world, who would send their child into
the parking lot to retrieve something from the
car under those circumstances? Accidents are
inevitable, and who will stop the unattended
car when it makes a mistake?

There will be solutions to these new safety
concerns. As humans, we are good at innovating things; we just don’t know how those
changes will play out. And this is true in parking lots as well as fabrication floors. For printed circuit fabricators, the terrain continues to
change under our feet. I’m almost hesitant to
list them once again: ever-smaller fabrication
dimensions; new yield expectations; environmental extreme survivability; high-speed performance, requiring new materials; chip and
component packaging changes; advances in 3D
printing that now include the ability to print
passive components into the substrate itself;
and other additive processes that enable those
small fabrication dimensions. At this moment,
our list has come full circle—an upward technology spiral.
This issue considers the current, ever-changing landscape of our industry—a landscape being reshaped by “industrious laziness.” New
application spaces will continue to drive our industry to improve our capabilities, and changes to our market landscape will only continue.
We’re automating manual processes with the intent to make our results better. But, like autonomous vehicle enhancements, human awareness
and supervision are required. The skillset for
the operator may change, but if we leave everything to the machines, eventually, something
bad is bound to happen.
As we survey the moving, changing landscape, we begin with John Mitchell’s column
“Opportunities for Learning Abound at IPC.”

Then, we bring you a perspective from China;
Yonglin Gong files this report, “Chinese Review:
The 2018 NTI-100 Top Global PCB Fabricators.”
Next up is Raymond Goh’s column titled “The
Laminate Market: What Will the Future Bring.”
Then, we focus on a new technology that aligns
with changing methods in the landscape with a
piece from Chemplate Materials’ Víctor Lázaro
Gallego, discussing induction lamination in
“Multilayer Press Technology Using Magnetism
to Produce Lamination Heat.”
Mike Hill writes Part 2 of his column on
“Technology and Reliability Demands Drive
Designers and MIL-PRF-31032 Specification.”
Tara Dunn considers one of the key new market drivers in her column “Additive Electronics
Momentum,” which is in line with the SMTA
Additive Electronics Conference on October 24,
2019. Right behind is Mike Carano with “Via
Hole Filling and Plugging, Part 2.”
Turning technical, Nikolaus Shubkegel explains solder mask tack dry. And Joan Tourné
continues his series on VeCS with the fourth installment on “Tuning Your Signal Performance.”
In this changing industry landscape, ask
yourself the question: are you asleep at the
wheel? PCB007
Nolan Johnson is managing editor of
PCB007 Magazine. Nolan brings 30
years of career experience focused
almost entirely on electronics design and manufacturing.To contact
Johnson, click here.

RTW SMTAI 2019: Lenora Clark Discusses Company Changes and Her New Role
At the recent SMTA International 2019 Conference
and Exhibition in Rosemont, Illinois, Lenora Clark, director of autonomous driving and safety technology
at MacDermid Alpha Electronics Solutions (and coorganizer for the upcoming SMTA Additive Electronics
Conference), and Nolan Johnson discuss her new role,
recent company reorganization, and the synergies customers are seeing.
Click on the image to watch the interview.
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Opportunities for Learning
Abound at IPC
One World, One Industry

by Dr. John Mitchell, IPC—ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES
It’s fall, and students are heading back to
school. Will you be joining them? IPC offers
many opportunities for continuous learning,
enabling you to enrich your career and increase your value to your company.
Courses on IPC’s online learning platform,
IPC EDGE, are created by subject-matter experts who respond to the requests from members of the electronics industry by providing
video presentations, clear text, detailed instructions, interactive activities, and practice quizzes designed to make even the most complex
industry topics easy to understand and master.
The Certified Electronics Program Manager
(CEPM) program, which is one popular IPC
course, is designed to provide the tools and

10 PCB007 MAGAZINE I OCTOBER 2019

training needed to ensure clients for life. From
the big picture to the smallest detail, program
management is a must for success. This new,
instructor-led online course combines the educational benefits of live instruction and group
discussions with the flexibility and cost savings of e-learning.
If your focus is on IPC standards, the Certified Standards Expert (CSE) course might be
a better choice. The CSE is an organization’s
subject-matter professional with a high level
of knowledge and understanding of a specific
IPC standard or group of standards. The CSE
course differs from that of the CIT in that a
CIT is expected to train others, whereas a CSE
is an internal subject-matter expert. IPC Train-

ing Centers offer training and testing for CSE
certification.
Another course that
might interest you is
electrical discharge
(ESD) control for electronics assembly. You
are probably aware
of the risk of ESD and
that it can cost the industry up to $5 billion
per year. To address
this critical issue for
our members, we created ESD control for
electronics assembly in
collaboration with the
EOS/ESD Association. This course covers the
causes of ESD, and the steps needed to mitigate
its effects when handling, storing, or transporting ESD sensitive components in a manufacturing facility. This is an online, self-paced course
with open enrollment throughout the year.
Perhaps you need a fuller understanding of
PCB design. IPC recently introduced PCB design fundamentals, a two-part online course
featuring a live instructor with more than 25
years of experience in design. Participants
will learn to create accurate, IPC-compliant
schematics from initial schematic to final

layout. Registration for the 2020 courses will
begin soon.
If you like to browse before you buy, check
out IPC’s online video training library. With
more than 70 video training programs, the library provides the foundational knowledge
required for hand soldering, IPC-A-610 acceptance criteria, rework and repair, components,
wire assembly, and more. You can browse all
titles, content descriptions, and even view free
previews before deciding which course is best
meets your professional development needs.
The following programs will be added to the
library by the end of the year: selective soldering, soldering iron tip maintenance, print
reading, and surface-mount technology (SMT)
component removal.
These are only a few of the many courses IPC
offers as part of our ongoing commitment to
continuous learning. For more information on
IPC’s educational offerings, visit the “knowledge” tab on IPC’s website or contact me or
David Hernandez, IPC’s vice president of education at DavidHernandez@ipc.org. PCB007
Dr. John Mitchell is president and
CEO of IPC–Association Connecting
Electronics Industries. To read
past columns or contact Mitchell,
click here.
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Chinese Review: The 2018 NTI-100
Top Global PCB Fabricators
Feature by Yonglin Gong

CHINA PRINTED CIRCUIT ASSOCIATION (CPCA)
PRINTED CIRCUIT INFORMATION MAGAZINE
NTI released the list of the world’s
top PCB manufacturers in 2018, and
this information is of great interest to
the industry to determine what is going on in the industry and analyze the
global situation. In the early days of
this project, the list concentrated on
the top 100 companies, so it continues
to be called NTI-100 for short. Now, it
is compiled into Chinese. I will examine the currency exchange rate, company rankings, global distribution of
the top-ranked companies, global total PCB output, and the automotive
sector.

Currency Exchange Rate

PCBs are produced all over the
Table 1: Average exchange rates used to convert local
world, and the currencies are different
currencies to USD.
from country to country. Therefore, the
the exchange rate between the U.S. dollar and
output value is calculated in U.S. dollars so as
other currencies is shown in Table 1.
to unify and normalize the data. For reference,
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Top Company Rankings

PCB manufacturers listed in this ranking
have annual sales of more than $100 million.

This list of the world’s top PCB manufacturers
is ranked by their PCB sales in 2018 (Table 2).
In 2018, the overall PCB market was not as

Table 2: NTI-100 top 100 global PCB fabricators by revenue (2018).
16 PCB007 MAGAZINE I OCTOBER 2019

prosperous as in 2017, but it still remained in good status. The ranking
of the world’s top PCB manufacturers in 2018 didn’t change a lot when
compared with 2017, according to
Table 2. The obvious change is the
decline of Japanese companies. Nippon Mektron, which once ranked No.
1, dropped to No. 2 in 2017; in 2018,
it fell further to No. 3. ZD Tech (Taiwan) and TTM (USA) now lead the
list, respectively. In 2017, five companies among the top 10 were Japanese
companies, while in 2018, only four
Japanese companies still remained,
and their rankings had fallen as well.
Meanwhile, PCB companies in Mainland China show the largest growth,
holding three seats of the top 20. One
Chinese company, Mflex, has broken
into the top 10.
In 2018, the output of the 117 listed companies ($62 billion) accounted for 83% of global output ($74.5
billion). Generally speaking, 20% of
the companies in an industry will account for 80% of the sales. Considering that there are approximately
2,400 manufacturers worldwide, 117
manufacturers account for less than
5% of the total number of providers.
Therefore, for the PCB industry, 5%
of manufacturers are responsible for
80% of production.

The Distribution of Top
Companies in the World

Table 3: Summary of NTI-100 2018 by region, global PCB output.

Table 3 shows the number of companies and output values in different
countries/regions that broke into the 2018 rankings. Among the 117 enterprises, 50 are from
China, accounting for 42.7% of the total. Of
course, the proportion of the total output value
of Chinese mainland enterprises is not high,
but the growth rate is the highest (19.33%).
Southeast Asia is also growing faster. To avoid
the impact of international trade disputes, the
investment is turning to Southeast Asia. The
growth rate of Taiwan is also higher than the

Table 4: World PCB production by region.
average. The world’s top PCB manufacturers
(117) grew by 6.5% compared to the previous
year in 2018, which is higher than the global
PCB growth rate of 5.6% (Table 3).
The distribution of PCB output worldwide, according to NTI statistics, is shown in Table 4.
NTI sets the premise for statistical data processing. If there is a business acquisition transaction completed in 2018, the seller’s revenue
will be fully incorporated into the purchaser’s
OCTOBER 2019 I PCB007 MAGAZINE 17

revenue reporting. For example, Multek’s rev- output in Europe is 115,800 euros (908,000 yuenue will be merged into Mflex’s. If there is no an), which shows that Europe is much more
separate PCB business report for a diversified efficient than China. China’s PCB production
continues to expand and has been more caucompany, the report will be estimated.
tious (but not halted) of late due to the beginMany PCB manufacturers are now also enning of the U.S.-China trade war. I know that
gaged in assembly. Since the data for bare
board and assembly are typically not separat- China has at least 35–40 new large factories
under construction. In a few years, when all
ed, the statistics also include part of assemof these new factories start to produce PCBs,
bly, especially the FPCB production value. This
China’s production may account for more than
situation may tend to inflate the sales numbers
as reported. For this type of manufacturer, the 70% of global production, and Chinese manufacturers will occupy more of the top positions
actual bare board revenue may be only 50% of
the reported total. Some PCB manufacturers’ on the NTI-100 list.
income includes subcontracting or consignment value, which cannot be removed if it is Automotive PCB Manufacturers
calculated repeatedly (Table 4).
Automotive has become an important marNTI data has always been higher than the
ket for PCB, accounting for almost 10% of the
common Prismark data. The process by which total. In the future, the total volume of the auPrismark tabulates its data is not clear to me. tomotive market will not change much, even
For example, if you look at the global PCB
though the content of automotive electronic
market output in 2018, according to NTI, the devices is expected to grow at a consistent
market is about 74.5 billion USD, which is an pace. Consequently, automotive PCB manufacincrease of 5.6% over the previous year. Yet ac- turers will see better performance. NTI lists the
cording to Prismark, the market is about 62.4 world’s 20 largest automotive PCB manufacmillion USD, which is an increase of 6.0% over turers in Table 5, which are among the world’s
the previous year. The gap between the two
top PCB manufacturers.
analyses amounts to more than 10 billion
USD. It is not clear which one is correct
and/or which one is closer to the truth. In
the industry, both of these data are cited,
creating a sort of bounding box for the
market. For the reference, while NTI and
Prismark are different in how they tell the
rise and fall of PCB market, the trends
identified in both reports agree with each
other. Having a grasp on the market trend
is often more important in the industry
than the actual numbers themselves.
According to NTI, PCB production
in North America, Japan, and Europe,
though very strong in the past, is now
hitting rock-bottom, and that industry
growth comes from overseas factories.
PCB plants in Europe are investing, not
to expand the scale, but rather to focus
on technological upgrades to meet the
needs of new products. According to the
PCB output and the number of employees
Table 5: The world’s 20 largest automotive PCB fabricators.
in Europe, the average annual per capita
18 PCB007 MAGAZINE I OCTOBER 2019

Under development

Halogen-free Ultra-low transmission loss
Multi-layer circuit board materials

NEW
Laminate R-5375(N)* R-5375(E)
Prepreg R-5370(N)* R-5370(E)
*Low Dk glass cloth type

Features

Dk

Df

R-5375(N)

3.3

0.003

R-5375(E)

3.8

0.005

R-5775

3.8

0.005

@10GHz

•Excellent HDI and thermal performance

with Halogen free

•High speed and ultra-low loss material
•Low transmission loss

Applications
•ICT infrastructure equipment, High speed networking(High-end server/ router,
Optical network, switch), High layer count PCB, etc.

Transmission Loss
•Construction

Transmission loss (dB/m)

0

-1.0

R-5375(N) H-VLP2

18μm

R-5785(N) H-VLP

-2.0

-3.0

Line length

200mm , 100mm

Line width

125µm

Impedance

R-5375(E) H-VLP2

Inner Cu treatment

-4.0

-5.0

260μm

R-5775 H-VLP

Core
Prepreg

0

5

10

Frequency (GHz)

15

20

50Ω
No-surface treatment
0.13mm
#2116 56% x 1ply

Current Outlook

2019 is the beginning of rollout and demand
for 5G communications. The demand for 5G
base stations, routers, servers, antennas, and
other equipment will increase rapidly between
2019 and 2020. The installation of 5G communications infrastructure will benefit high-level,
multilayer board manufacturers, and PCB manufacturers who can meet such demand will enjoy a spurt of progress. Of course, automotive
electronics has become an indispensable market for PCB. The computer market, though it
declines a little bit, is still an important part,
and smartphones still account for more than
20% of the total PCB, even if they are growing
slowly.

Right now, the PCB winners will be those
companies who meet the needs of 5G infrastructure, automotive electronics, integrated
circuit (IC) substrates, and smartphones. Income growth in other markets will be very
limited. PCB007
Yonglin Gong is a senior engineer,
deputy secretary-general of the China
Printed Circuit Association (CPCA), and
editor-in-chief of CPCA Printed Circuit
Information Magazine. Mr. Gong
has served the industry for many years. Previously,
Mr. Gong was chief engineer of the 20th Shanghai Radio
Factory, and he also helped translate Joseph Fjelstad’s
book, Flexible Circuit Technology, into Chinese.

The Future of Chips
The Singapore-MIT Alliance for Research and Technology (SMART), MIT’s research enterprise in Singapore, has
announced the successful development of a commercially viable way to manufacture integrated silicon III-V chips
with high-performance III-V devices inserted into their design.
“By integrating III-V into silicon, we can build upon existing manufacturing capabilities and low-cost volume
production techniques of silicon and include the unique
optical and electronic functionality of III-V technology,”
said Eugene Fitzgerald, CEO and director of SMART. “The
new chips will be at the heart of future product innova-
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tion and power the next generation of communications
devices, wearables, and displays.”
Kenneth Lee, senior scientific director of the SMART
low-energy electronic systems (LEES) research program,
adds, “With our new process, we can leverage existing
capabilities to manufacture these new integrated silicon
III-V chips cost-effectively and accelerate the development and adoption of new technologies that will power
economies.”
The new technology developed by SMART builds two
layers of silicon and III-V devices on separate substrates
and integrates them vertically together within a micron,
which is 1/50th the diameter of a human hair.
The process can use existing 200-mm manufacturing tools, which will allow semiconductor
manufacturers to make new use of their current
equipment. Today, the cost of investing in new
manufacturing technology is in the range of tens
of billions of dollars; thus, this new IC platform is
highly cost-effective and will result in much lower
cost novel circuits and electronic systems.
The patent portfolio has been exclusively licensed by New Silicon Corporation (NSC) Pte. Ltd.,
a Singapore-based spin-off of SMART. The new integrated silicon III-V chips will be available next
year and expected in products by 2021.
(Source: SMART)

MilAero007 Highlights
Operational Excellence: Transform Your
Operations With Nadcap E

Obtaining Nadcap certification can be an overwhelming endeavor for suppliers that don’t
have proper guidance. In this column, Alfred
Macha provides guidelines that companies
have used in the past to successfully achieve
Nadcap accreditation.

Arlon EMD and U.S. Air Force Academy
Establish CRADA E

Arlon EMD has entered into an agreement with
the United States Air Force Academy to collaborate efforts in researching and developing technology platforms for electronic materials, resin
systems, and copper-clad laminate products.

Amphenol Invotec to Exhibit at
Space Tech Expo Europe E

Amphenol Invotec will be showcasing its PCBs
alongside the extended range of interconnect
solutions available from Amphenol for the
space sector at Europe’s largest B2B space
event—the Space Tech Expo in Bremen, Germany on the November 19–21, 2019.

Defense Speak Interpreted: Other
Transaction Authority E

At the end of 2018, DIU had funded 104 contracts
with a total value of $354 million and brought
in 87 non-traditional DoD vendors, including 43
contracting with DoD for the first time.

From the Hill: The Past 15 Years—Changes
to MIL-PRF-31032 Certification, Part 2 E

Mike Hill provides an overview of the possible
related factors to what could have caused the
reduction in certified companies, including a
decline in the total military market; the cost of
certification; and the number of military boards
now built to industry standards, to name a few.
22 PCB007 MAGAZINE I OCTOBER 2019

American Standard Circuits Recertified
to AS9100D & ISO 9001: 2015 E

American Standard Circuits received their
three-year recertification to AS9100D and ISO
9001: 2015 from certifying body Intertek.

BAE Systems Demonstrates First
Integration of Unmanned Surface Vessel
With Royal Navy Warship E

At a time of increased threat to international
shipping, BAE Systems has demonstrated for
the first time how unmanned surface vessels
(USVs) can be fully integrated with operational Royal Navy warships to extend their reach
beyond the horizon and reduce sailors’ exposure to danger.

NASA Supports ‘Wild’ Ideas to Bring
About New Space Tech E

NASA has a program named NIAC that is dedicated to nurturing visionary ideas that could
transform future NASA missions with the creation of breakthroughs—radically better or entirely new aerospace concepts.

Raytheon Unveils Peregrine Advanced
Air-to-Air Missile E

Raytheon Company is developing a new medium-range, air-launched weapon called the Peregrine missile that is half the size and cost of
today’s air-to-air missiles, yet delivers greater
range and effect.

Marshall Aerospace and BAE Systems
Collaborate on Next-generation
Aerospace Technology E

BAE Systems and Marshall Aerospace and Defence Group have signed a memorandum of understanding to collaborate on advanced technologies for various next-generation air platforms.
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The Laminate Market:
What Will the Future Bring?
The PCB Norsemen

Feature Column by Raymond Goh, ELMATICA
PCBs have been manufactured more or less
the same way since we entered the industry
in 1972, but the circumstances surrounding
the boards have changed. The PCB Norsemen
have addressed the copper situation several
times in our columns as well as the component
crisis affecting the PCB industry. Now, we’re
experiencing external factors—such as Brexit
and the trade restrictions between China and
the U.S.—that are affecting the industry and
causing delays due to raw material demand
and prioritization by huge market players. The
PCB market in China is experiencing a slower
growth pace since the beginning of the year.
Many factors have affected it, including the
U.S.-China trade war and its increased tariff
and the expectation of a big ramp-up from the
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automotive or electric vehicle (EV) industry,
which did not happen this year.

Take a Step Back and Look at the Figures

We read and hear about factories moving out
of China in view of the China and U.S. trade war.
There had been some increase in capacity in
neighboring countries in Southeast Asia. However, in the next 3–5 years, China will probably continue to be the largest PCB manufacturing country, as the overall network of the
supply chain for the PCB ecosystem that has
been built and improved over the last decades
will not be gone overnight.
Let’s move back one step and take a look
at the PCB laminate supplies. There had been
significant growth in the global laminate value
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between 2015 and 2016 from 24.3 billion USD
to $25.8 billion. However, from 2016–2018, the
growth had been unsubstantial with $26.2 billion and $26.5 billion in 2017 and 2018. It has
been estimated that 2019 will close at about
$26.7 billion.
This year, we cannot ignore the impact of
the change in strategy of major players toward
the supply chain. The U.S. trade restrictions
imposed on Huawei Technologies, one of the
world’s leading networking and telecommunication manufacturers from China, have drastically affected Huawei’s access to U.S. technologies, which includes raw materials. The U.S.
trade restriction and warning to its allied countries have forced Huawei’s products to face
project bans, business contract restrictions,
security scrutiny, and even pushback in some
countries. Huawei continues to make changes
to its strategy to continue doing business.

This year, we cannot ignore
the impact of the change
in strategy of major players
toward the supply chain.
The Race Toward the First 5G Rollout

To wean itself off U.S. suppliers for related
IC products, since June, Huawei has moved to
redesign its 5G base station IC modules and to
cut orders for CCL for use in their active antenna unit (AAU) from a major U.S. supplier
while seeking alternative Asian supply sources. China has a huge domestic market and is
also competing to be among the first to roll out
5G infrastructure. Huawei is the top provider
in China in this aspect and had been ramping
up circuit boards for 5G products.
Due to this surge in 5G demand, the PCB
supply chain in Asia has been hit with a shortage of high-frequency and low-loss material
for 5G. Major laminate suppliers are switching
their production lines to produce such material
26 PCB007 MAGAZINE I OCTOBER 2019

to meet the demand. As a result, fewer FR-4
materials are being produced, which is what
we are facing today. The shortage of high-frequency materials has been taken up by the major players. A longer lead time is needed for
conventional glass-epoxy laminate FR-4 materials because its production has been reduced.

Copper Foil Shortages: Lessons Learned

After the lessons learned over the past few
years about copper foil shortages, laminate
manufacturers are quick to implement rules
to control the situation today by implementing
scheduled production, where a certain model
of FR-4 is produced on certain days of the week
only. This means there’s no flexibility for PCB
manufacturers to place an order and receive
material with a short lead time. Laminate manufacturers are also defining allocation for PCB
manufacturers, where the seller determines
how much quantity the buyer can buy to prevent any single PCB manufacturer from taking
all that has been produced.
And how do we get through this period?
Again, planning, planning, and planning.
Spend your time wisely. Plan ahead, make an
accurate forecast, and involve your PCB supplier. You know you need to make a reservation in advance for very popular restaurants;
why are you not doing the same for your PCB
purchasing? We consistently need to remind
ourselves that PCBs are not off-the-shelf products; they are customized and take time.

Conclusion

We know the PCB growth from now until
next year will most likely be led by 5G products and the automotive segment. I hope this
column has directed the spotlight toward the
current situation and emphasized our recommendation of a timely disposition of PCBs to
avoid unpleasant delays and surprises. PCB007
Raymond Goh is COO of Elmatica.
To read past columns or contact
The PCB Norsemen, click here.
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Multilayer Press
Technology Using
Magnetism to Produce
Lamination Heat

Article by Víctor Lázaro Gallego
CHEMPLATE MATERIALS

Abstract

A revolutionary concept in multilayer press
technology has been developed that uses electromagnetic energy to heat the existing stainless-steel separator plates with a never-before
dreamed-of accuracy and precision. The heating and cooling systems—embedded within a
robust hydraulic press inside a vacuum chamber design—are controlled using a temperature
feedback loop that guarantees perfect fidelity
between the press recipe and the press result.
This unique, electromagnetic induction technology helps make engineer’s needs become
a reality.

Introduction

The production of the first four-layer
multilayer dates to 1960, which means the
industry has manufactured multilayer PCBs
for more than half of a century. Everyone involved with the PCB industry knows that the
technical evolution of multilayer PCBs has
been exponential from the first technical requirements to today’s. Current PCB require28 PCB007 MAGAZINE I OCTOBER 2019

ments bring, collaterally, limits to the industrial-level manufacturing of state-of-the-art
technologies.
The technical demands of modern PCBs
have revolutionized almost all manufacturing processes from the multiple and complex
chemical processes to mechanics, such as drilling, through the photoimaging of the circuit.
However, if you look at the lamination process
to cure today’s sophisticated resin composites,
you can see that the evolution of the lamination presses has been slight in comparison.
While today’s lamination presses are far better in many aspects than presses 59 years ago,
press technology still uses the same method to
produce the thermal energy (heat) and deliver
the thermal energy that the resin composite
needs to properly polymerize.
I want to introduce a new approach that uses
a different way to generate thermal energy—
and a new way to deliver it to the resins—that
improves the lamination process for today’s
materials requirements and new requirements
in the future. While initially designed for multilayer PCB manufacturing, this technology
can also greatly benefit laminate manufacturers, opening up new avenues of research into

Innovation + Precision + Reliability

ROLL-TO-ROLL PROCESSING
• Processing for metals, thin foils, flexible glass and films
• Resist developing applications
• Cleaning applications
• Etching processes, including titanium and glass
• Aqueous based resist stripping
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high-temperature composites and/or significantly shortened lamination cycles.

Technology Description

The InduBond lamination press utilizes a
unique and novel way to produce the necessary heat to cure the laminates and multilayers—electromagnetic inductance. The standard and well-known press methods use one
of the following technologies to generate the
necessary thermal energy:
• Heating thermal oil and pumping it
through a press platen
• Electrical heaters located right at the
press platen
• A steam system through the press platens
All of these well-known systems heat the
large thermal mass of the platens. The heat is
then transferred to the panels being laminated
via conductivity through the resin materials
(i.e., the multilayer books to be laminated).
The novelty of this new technology, however,
is that the thermal energy (heat) to cure the
resin composites is produced directly at each of
the stainless-steel separator plates that are between each multilayer panel in the press stacks.
This thermal energy is transferred at the same
time—with the same temperature magnitude

Figure 1: Electric coil.
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and without any thermal conduction delays—
to every panel of the lamination press stack.
As the energy is induced very homogenously,
the heat distribution has the highest uniformity
possible in every position and direction of the
press stack (X-, Y-, and Z-axes). Therefore, all
of the layers of laminates inside the press reach
the same temperature at the same time; there
are no thermal transfer delays.
To make this possible, the laws of magnetism
are used to induce high electrical currents that
are transformed into thermal energy right at
the material requiring polymerization. Because
the heat is produced only at each stainlesssteel separator plate of the stack, the technology can achieve extremely high temperatures
and very rapid ramp-up rates with very high
energy efficiency.

Principle of Functioning

Magnetism is a very complex branch of
physics since it cannot be fully explained by
postulates of classical mechanics. For that reason, a very simple and visual explanation is
used to introduce the principle of functioning
of the InduBond electromagnetic inductance
technology.
Electromagnetism is generated when electric currents move with uniform speed through
an electrical coil, as defined by the Biot-Savart
Law [1] (Figure 1). A magnetic field generated
on the inside of the coil and looping around
the coil perpendicular to the current in the coil
is associated with the electric current in the
coil (Figure 2).

Figure 2: Magnetic field lines produced by the electric coil.

Figure 3: Secondary electric coil aligned to the primary coil.
This phenomenon also works in reverse. In
the same way a magnetic field is created by
an electric current moving in a coil, an electric
current can be made to flow in the presence of
a magnetic field. In other words, a magnetic
field can induce electric currents in a secondary coil if the magnetic field is placed in proper
alignment to the primary coil (Figure 3).
Now, if we look at what would be the electrical function of a simple metal plate properly aligned with such a magnetic field, then
that metal plate is working as one turn coil in
a short circuit for the induced currents. The
metal plate previously mentioned refers to the
stainless-steel separator plates of the press
stack (Figure 4).
The InduBond X-Press Technology has been
developed to convert such energy induced on
each stainless-steel separator plates (induced
electric energy) into thermal energy (heat) by
the eddy-current loss theory [2]. The resulting
magnetic field generated by the coil is proportional to the main coil geometry seen in Figure 2.
The stack of stainless-steel plates and panels
to be heated in the press can also be considered as proportional to the magnetic field because the stackup contains the same size and
thickness of separator press plates throughout.
Therefore, induced energy is proportional and
uniform, generating the same amount of heat
on every separator press plate of the stack.
A temperature sensor introduced into a dummy panel in the center of the press stack provides real-time feedback of the temperature of

Figure 4: Press stack separator press plates
as the secondary coil.

Figure 5: Close-loop control regulation system diagram.
the material. A closed-loop regulating control
system uses real-time information provided by
the temperature sensor (in concert with other
feedback systems of the press) to constantly update the temperature, vacuum, pressure, and
power control algorithms. A heating profile can
now be programmed on a computer for the control algorithms to track the desired power delivered to the press stack to maintain or control the
temperature as desired in real time (Figure 5).

The New Concept of Heat Transfer

This InduBond technology does not heat the
big mass of the platens; the platens in this technology are cold and truly thermally isolated
from the machine’s heavy structure. The magOCTOBER 2019 I PCB007 MAGAZINE 31

netic field lines of the magnetic field generated
by the coil penetrate the stainless-steel separator plates, inducing high electrical currents
that generate heat on each single separator
plate of the press stack. That happens without
any electrical or physical contact (wireless),
thermal oil, or steam—just induction.
The generated heat on each stainless-steel
separator plate is transferred immediately to
the laminate in contact above and below. This
internal and quick thermal transfer makes possible a no-delay energy transfer throughout
the entire stack height while the thermal inertia is very low. A dummy panel with exactly
the same material and physical properties as
the laminate and with embedded temperature
sensors is used to track the temperature of the
material to be laminated in real time. No parts
other than the stainless-steel separator plates
are actively heated, which results in high electric efficiency; the heat is created internally on
the press stack (Figure 6).
In conventional lamination press technologies where the heavy mass of the platens is

heated up to then transfer that thermal energy
from the platens to the panels (from outside to
inside), an indirect source of energy is needed
to heat up those big-mass platens. Conventional technologies typically use thermal oil, electrical heaters, or steam.
For thermal oil systems, the platens become
mechanically complex due to the need for channels where the oil must flow to pump the heat
into the platens. For electrically heated systems, many ohms of resistance at high power
are required to exchange heat via these embedded cartridge heaters into the big-mass platens.
Both methods require huge amounts of power to heat up the platens that are mechanically connected to the main structure, causing
high heat conduction losses. Because the heat
is created in the external platens, the thermal
energy has to travel by conduction from external platens to the material, passing through all
separator plates and laminates. Dielectrics are
inherently low thermal conductivity materials,
which results in thermal conductivity delays
(Figure 7).

Figure 6: InduBond X-Press schematic cross-section.

Figure 7: Conventional press technology schematic cross-section.
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To make a realistic image of what is explained
here, we took thermography on one of the platens
from conventional press
technology, and another
thermography of the new
magnetic press technology (Figure 8). The left
side shows the hot platen
heat distribution where
the platen surface and the
sides (mechanical links to
the press guides) are hot
while the center (press
stack) is cooler and needs
more time to transfer the
Figure 8: InduBond electromagnetic press technology
heat through the press
versus conventional technology.
stack materials. The right
side shows that platens
opening conventional press as compared to the
are at almost ambient room temperature while
electromagnetic inductance system (Figure 9).
the center of the press stack is hot.
The necessary energy to heat up a given
mass
is defined by the equation:
Energy Efficiency
This technology not only delivers very uniform temperature in the X-, Y-, and Z-axes of
the press stack, but there is also another imWhere:
portant point to be emphasized. The energy
Q = energy (J)
efficiency of this technology is very high comΔt = thermal increase (Kelvin)
pared to conventional technologies. The explaMass = mass to heat up (kg)
nation for this is that the traditional systems
λ = specific heat (J/kg·ºK)
heat up large metal masses so that these large
masses can transfer the energy to the material
The traditional or conventional system heats
to be heated, which has much lower mass by
up both M1 platens to transfer the temperature
comparison. To give you an idea of this perforto M2 and M3 through isolation papers (yellow
mance, a representative example was prepared
color) to prevent thermal shock. The electrothat attempts to quantify the amount of energy needed to heat up the platens of a single- magnetic inductance system heats directly on-

Figure 9: Energy comparison diagram.
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to the M3 (the separator plates). The amount
of energy needed, under ideal conditions, to
heat both systems from ambient temperature
25°C (77°F) to 220°C (430°F) is shown here:
M1 (platen mass) is ~70 kg; M3 (mass of
stainless-steel separator plates) is ~4 kg; the
specific heat of iron is 0.45 KJ/kg·K.
For the traditional technology system:
Q = (220°C - 25°C) x (70 kg + 4 kg + 70 kg + 4 kg)
x (0.45 KJ/kg·K) = 12,987 KJ
For the electromagnetic inductance technology:
Q = (220°C - 25°C) x (4 kg + 4 kg) x (0.45 KJ/kg·K) = 702 KJ
In this example, the traditional method uses
18.5 times more energy than the electromagnetic inductance system. Plus, this example
does not consider other large real losses like
the energy transferred to other unnecessary
large masses in physical contact, such as the
links of the platens and guides to the main
press structure.

The lamination press stack is built alternating conventional stainless steel separator plates with the laminate material, as in
the well-known standard process. There can
be just one panel in the opening or approximately 30 panels in the whole opening capacity (Figures 10a and b). The separator press
plates are the same standard stainless-steel
separator plates used in a traditional lamination press.
During stackup, the operator places a dummy panel with a minimum of 2-4 thermocouples for the temperature feedback control
system in the middle of the stack. Those temperature sensors will monitor the real temperature of the laminate so that the control system
can follow the programmed temperature profile (Figure 11).

Preparation of the Lamination Press Stack

Because this electromagnetic induction
technology indirectly heats up each individual stainless-steel separator press plate—without the large thermal transfer delays of conventional technologies—it is not necessary to
make a multi-opening press, although this is
possible. This technology allows one to place
all panels in a single-opening press.

Figure 11: Dummy panel with the four
thermocouples embedded.

a
Figure 10a and b: Lamination press stack with conventional stainless-steel separator plates.
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b

Figure 12: InduBond X-Press software screenshot.

Lamination Profile Programming

Like any other modern technology, this technology is managed by a standard computer
with dedicated software where the process engineer or operators can set all press parameters.
The lamination press profile is normally composed of the combination of three different profiles (magnitudes) in a unique timeline: temperature, pressure, and vacuum (Figure 12).
Regarding the control of this technology, the
big difference is that the real temperature of
the material in the lamination process is monitored in real time by the control system and
used as a feedback for the closed-loop control
system. In much simpler words, the process
engineer or operator creates a temperature
profile following what the laminate or prepreg
manufacturer recommends on the datasheet of
the material. Once this profile is transferred to
the InduBond system, the computer, control,
temperature sensors, and power driver work
together to make the real temperature of the
material track the programmed temperature
profile very precisely (Figure 13).
The software does the same for all other magnitudes, such as vacuum, hydraulic pressure,
lamination pressure, and all other process parameters. All of the data during the lamination
process is logged in a database and associated
with a dedicated work order. The data can be
retrieved at any time to generate process parameters reports for traceability purposes. An
36 PCB007 MAGAZINE I OCTOBER 2019

Figure 13: Zoom-in detail of the material temperature
tracking the programmed temperature profile.
actual lamination cycle of about three hours
can be seen in the reference link; a compressed
version (approximately one minute) is available for those interested [3].

Cooling Down the Press Stack

After 20+ years’ involvement in multilayer
registration and lamination, I’ve heard multiple discussions about mechanical distortions
of the panels after lamination—effects such as
twist, camber, or simply uneven distortion between the panels laminated in the same opening with apparently identical process parameters. All of the engineers with whom I have
discussed this topic mainly relate these phe-

nomena to the thermal process that the mate- platens are cooled down first, and the thermal
rial undergoes during lamination, and all enenergy stored in the materials has to be congineers share and agree that the cooling speed
ducted back from the stack to the platens. This
and thermal balance of the different panels in
means a significant thermal delay between difthe stack play an important role.
ferent panels in the press stack as well as sigMost engineers would also agree that the idenificant variation from panel to panel.
The cooling system developed for this techal way to cool down a press stack would be by
maintaining the lamination pressure while the nology emulates the natural way of cooling
materials slowly dissipate the thermal energy down previously described but boosted stratenaturally through the environment, exchang- gically to be able to speed it up for an industrial
ing the energy with the ambient temperature. purpose: cooling down within the limits of the
However, this process is nonproductive, indus- resin manufacturers’ requirements. This methtrially speaking, for obvious reasons; it takes a od of cooling down also minimizes the temperature delays in the height of the press stack.
very long time and is far too slow.
Once the heating section of the cycle is over,
Analyzing that thermal dynamics statement,
the vacuum chamber is pressurized. The develand looking into the lamination press stack
morphology in such “ideal” cooling conditions oped cooling system creates a specific loop of
in detail while the material is cooling down airflow with a specific ΔT that crosses through
naturally through the environment, the ther- the edges of the press stack separator plates.
When the cold air touches the separator stainmal energy (heat) travels from the center of
less steel, energy is exchanged. In other words,
the material, homogenously, to the edges of
the air takes heat from the plates increasing
the material. This happens because the stainless-steel separator plates have far lower ther- the air temperature while the separator plates
become a bit cooler. The air is then pulled by
mal resistance than the laminated multilayers
the blowers and conducted to a water/air ex(metal versus glass and resin). This means that
changer that cools down the air again before
the edges of those metal plates in contact with
the blowers push it back to pass through the
the air of the environment (i.e., room temperapress stack again. The system recirculates in a
ture) are exchanging the thermal energy with
closed-loop manner the air inside the chamber.
the environment until, after a long time, the
The system uses the real material temperatemperature of the whole press stack becomes
ture monitored by the temperature sensor in
balanced with the ambient temperature.
I have used finite element calculation soft- the middle of the press stack to regulate the
ware to model this behavior to simulate this airspeed (blower speed) and the air temperathermal dynamic. A link is available that shows ture with the water circuits of the water/air exa fast-motion video of a single metal plate
changer (Figure 14).
cooled down from
200°C to room temperature [4]. The blue color is the ambient temperature, and the white
color is the separator
press plate at 200°C.
In conventional technologies, cooling down
occurs in the same way
the thermal energy was
conducted from the hot
platens to the laminate
Figure 14: Closed-loop cooling system diagram.
during heat up; the
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Lamination Results

The InduBond X-Press Technology was developed a few years ago and has been working
in production since the day of installation to
fully validate the process. Many panels have
been laminated and tested by a local customer
in Barcelona, Spain. It has taken a long time,

but this allowed us to collect a great deal of
data from each lamination cycle and from the
laboratory analyses of laminate suppliers, such
as Nanya, Isola, Panasonic, Rogers, and others. They have all reported good lamination results, as can be seen in the examples shown in
Figures 15–18.

Figure 15a and b: Sample Tg test measurement tests.

Figure 16: Mechanical stress test.

Figure 17: Thermal stress test.

Figure 18: Parallelism measurement.
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Summary

Table 1 provides a comparison of the InduBond
electromagnetic
inductance technology with
conventional lamination
technologies.

Applications and
Technology Potential

This new way of producing the energy directly into the materials
to cure or polymerize
the resins overcomes the
limitations of conventional industrial ways
of laminating materials. InduBond X-Press
Technology shows great
potential that can be explored in four different
areas:
1. More uniform, repeatable, and controllable
lamination of the
standard multilayer
materials (FR-4, polyimide, CEM-3, etc.).
The advantages include high-quality,
reliable, and repeatable production; work
flexibility; energy and
investment savings;
and a reduced floor
Table 1: Summary of the differences between standard heating methods
surface.
and the electromagnetic inductance-based system.
2. Fast cycle lamination
that could speed up
3. Advanced materials areas, such as highprototyping with very short press cycle
temperature or high-pressure parameters.
times. Advantages include high thermal
Advantages include high thermal
increases (ΔT); high-productivity,
increases (ΔT); high temperatures;
high-quality, reliable, and repeatable
high-productivity, high-quality, reliable,
production; work flexibility; energy
and repeatable production; work flexibiland investment savings; and a reduced
ity; energy and investment savings; and
floor surface.
a reduced floor surface.
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4. R&D of new advanced materials can be
now industrialized. Today’s scientific
community will surely need better
features and performance from new
advanced materials. Coming technologies
will stretch the boundaries of thermal,
dielectric, high-frequency, and dimensional performance in ever-more extreme
conditions.
Lab results are relatively easily achieved, but
those same results must be replicated by industrial production processes that are scaled
up in size and productivity to meet real product demands. Our idea is to introduce the InduBond X-Press Technology to the market today because we believe its features can help to
design and industrialize tomorrow’s materials
for the most difficult operating and environmental conditions. New composites can now
be cured or fired to very high temperatures,

and the cycles can be shortened due to very
high-speed rates. With InduBond X-Press Technology, it is possible to treat sintered materials
in large dimensions. PCB007
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Designing and 3D-printing a Better Brace
Almost exactly one year ago to the day, Anuj Thakkar
was in an unfortunate biking accident and left with a broken wrist. It soon became evident that not only would he
have to deal with the pain of a broken wrist but would also
have to deal with the discomfort of a cloth cast. After a
couple of weeks of dealing with the consequences of a
sweaty cast that could not get wet during one of the rainiest weeks of the month, Anuj had had enough.
Luckily for Anuj, he was a junior in mechanical engineering at the time, and he became determined to improve his
situation. That’s when Anuj decided to
approach his friend Atanaz Bohlooli, a
mechanical engineering and teaching
assistant, to ask if she would be interested in collaborating on a project to
engineer a wrist brace to alleviate the
pain and discomfort. From then on,
the two worked together to create a
custom-fit, flexible, waterproof wrist
brace to be 3D-printed for Anuj to
wear in place of his initial cloth cast.
After about three months of design, modification, and testing, the

two created a final product. By using a white-light scanner, 3D CAD software, and a Stratasys 3D printer, the
wrist brace was durable and ready to be worn. The cast
turned out to be a huge success, even garnering doctor
approval, which allowed Anuj to wear the wrist brace
for the next two months. One fully healed wrist, and a
lot of learning later, Atanaz and Anuj continue to pursue
engineering projects and push the barriers of conventional engineering.
(Source: Duke University)
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Technology and Reliability
Demands Drive Designers and
MIL-PRF-31032 Specification
From the Hill
by Mike Hill, MIL-Q-CONSULTING LLC
The branches of military services continue
to counter threats by shifting from boots on the
ground to more technical solutions that do not
require additional personal. The combat environment requires designs that require faster
decisions and more rapid processing, rugged
displays to withstand 120°F outside temperatures, extreme cold, blowing sand, and abnormal mechanical forces like the shock and vibration in a helicopter; they have to be smaller,
lighter-weight, and extremely reliable.
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Unmanned vehicles require more AI and associated technology. Electronic uniforms compliment camouflage and drive designs using
electronic fabrics. For example, uniforms with
cameras on the back of the soldier which project
that image on the uniform front make the solder
totally invisible (the ultimate in camouflage).
Increased electronic guidance for more projectiles—including bullets, space warfare countermeasures, and cyber threats—push new
technology and drive printed circuit features
and their associated reliability. With the future
demand for more and more military electronics, certification to the PCB MIL-PRF-31032
specification becomes a business decision for
many fabricators.
Fluency in the MIL-PRF-31032 language is a
key first step to understand the requirements
and communicate with the Department of Defense (DoD). This column will define many
of these terms and is a must-review before informing the DoD of your intent to certify. Let’s
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take a look at these unique new words, including expanded definitions, and a quick-glance
glossary.

MIL-PRF-31032 Overview Terms
1. MIL-PRF-31032: The military specification
for unpopulated PCBs. It is a combination
of technical requirements from MIL-P-55110,
MIL-P-50884, and IPC-6012; the management
systems from ISO: 9001; and specific reporting information about facility and process
changes and general summaries of military
shipments.
2. Defense Logistics Agency (DLA): The DLA in
Columbus, Ohio, reviews the Technical Review
Board’s (TRB’s) semiannual reports, administers web pages that contain the facilities qualification by material type and board complexity, maintains configuration management for
military specifications, and audits each certified facility every three to four years.
3. MIL-PRF-31032 Qualifying Activity: The qual-

ifying activity for MIL-PRF-31032 is communicating with the DLA.

4. The Commercial and Government Entity
(CAGE) Code: Is obtained by completing a System

6. Validation: A qualifying activity (the or-

ganizational element of the government that
grants certifications, ergo DLA) will determine
an organization’s adequacy and compliance
with the requirements listed in MIL-PRF-31032.
The determination involves verification of the
implemented quality management (QM) plan
by a TRB, validation of the effectiveness of the
implementation of the QM plan, and demonstrated the capability to produce printed board
technology [1].

7. Qualified Manufacturers Listing (QML): Is a

detailed listing of the capabilities by material
type that the manufacturer demonstrated during qualification testing. Customers using this
list can quickly determine which manufacturers are capable of meeting their needs.

8. Specification Sheets: Military specifica-

tions that supplement the base document and
contain detailed performance requirements
for specific printed board technologies. Technologies are classified as different constructions or types of printed boards, such as rigid,
flex, multilayer, high-speed, etc. This allows
special requirements for different technologies to be addressed as well as rapid implementation of new technologies. This specification also allows the development of custom
technology requirements where there is no
supporting specification sheet, so customers
can push the envelope for new technological advances without waiting for specification
changes [1].

for Award Management Registration (SAM) and
necessary to receive any type of payment from
the federal government, and is a five-character
ID number used extensively within the federal
government assigned by the DoD’s DLA. The
CAGE Code supports a variety of mechanized
systems throughout the government and provides a standardized method of identifying a
given legal entity at a specific location. Agencies may also use the code for a facility clearance or pre-award survey. There is no cost to
obtain a CAGE Code.

ufacturer must maintain a documented and
disciplined quality system that emphasizes
process controls, defect prevention, and continuous improvement. Manufacturers are encouraged to develop a QM plan based on their
existing process flow and quality system.

5. Pre-validation: The manufacturer notifies
the qualifying activity of its intent to pursue
qualification to MIL-PRF-31032, starting a dialogue between the two entities crucial to the
success of the effort.

10. Self-validation: Self-validation is the manufacturer’s means of determining compliance
to MIL-PRF-31032 and the QM program. It is
an internal audit to MIL-PRF-31032. Self-validation results must be reported to the TRB.
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9. Quality Management Plan (QMP): The man-

An effective self-validation program reporting
to the TRB shows that the manufacturer has
taken responsibility for its own system and
is key to the reduction in qualifying activity
oversight. This must be completed before the
qualification activity will begin the certification process. Any discrepancies found must be
corrected and implemented before certification
can begin.

Certification Process Terms
1. Technical Review Board (TRB): The manufacturer forms a team of in-house experts to make
decisions regarding printed board acceptability

and certification. This time-saving step reduces costs and lead times by reducing the DoD
approval process.

2. Process Flow: A process flow is a sequential
list of all processes required to build printed
boards from the time the order is taken to the
time the product is shipped. This may include
flow charts, production travelers, or any other means of documenting the flow. The flow
must include any possible processes to be used
for QML product, including rework steps, key
process monitors, and contract services. Procedure numbers, process procedures, or other
references for each step must be identified.

GLOSSARY
• Add-on Qualification: The use of the qualification process to add new technologies to the QML.
• Capability Verification Inspection (CVI): Scheduled periodic (every two years) process of demonstrating the ability to
adhere to current qualified technologies.
• Certification: Qualification of products and audited quality systems in the specification.
• Certified Process Flow: The process sequence used for qualified products.
• DLA: The Defense Logistics Agency in Columbus, Ohio, USA.
• Gage Code: A unique number assigned by SAM for the site; must be marked on all MIL-PRF-31032 products.
• Initial Qualification Test Plan: A qualification test plan lists the capabilities that the manufacturer desires to qualify and
describes how the manufacturer will demonstrate its ability to meet MIL-PRF-31032.
• Letter of Certification: Sent by the DLA at the conclusion of the validation process.
• Lot Conformance Inspection: In-process inspection of MIL-PRF-31032 products.
• Pre-Validation: The manufacturer notifies the qualifying activity (DLA) of its intent to pursue qualification to
MIL-PRF-31032.
• P/PRF: Performance specification.
• Percent Defective Allowance (PDA): Maximum lot percent defective, which will permit the lot to be accepted after final
inspection, test, or microsection .
• Periodic Conformance Inspection (PCI): Monthly or annual testing required by technology to sustain qualification status.
• Process Flow: A sequential list/diagram of all processes required to build printed boards from the time the order is taken
to the time the product is shipped.
• QM Program: The TRB’s administrative procedures for the interpretation of MIL-PRF-31032.
• QM/QMP: Quality management plan (documentation that defines MIL-PRF-31032 systems for the facility).
• QML Listing: QML managed by the DLA.
• QML Certification Brand: “QML” or “Q” is marked on qualified PWBs.
• Qualification Activity: Communicating with the DLA.
• Qualification Testing: Qualification inspection/testing (rework simulation, thermal shock, etc.) must be performed at a lab
acceptable to DSCC.
• Revalidation Survey: Periodic audit by DSCC to validate the implementation of the QM program and records.
• Specification Sheets: Military specifications that supplement the base document and contain detailed performance
requirements for specific printed board technologies.
• Self-validation: Internal audit to MIL-PRF-31032 done in-house to determine compliance to the QM plan.
• Technical Review Board (TRB): The team that manages all the requirements and maintains certification and keeps the
qualifying activity informed on the status of the QMP.
• Test Optimization: Any test or verification may be reduced or eliminated by the TRB.
• Validation: DSCC audit to determine if the QM program is being implemented in accordance with the QM plan.
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3. Initial Qualification Test Plan: Qualification

test plans must be created when performing
an initial qualification. A qualification test
plan itself lists the capabilities that the manufacturer desires to qualify and describes how
the manufacturer will demonstrate its ability
to meet the MIL-PRF-31032 specification sheet
requirements for said capabilities.

Ongoing Certification Terms
1. Capability Verification Inspection (CVI): Can

be used to validate that the qualified materials and processes continue to conform to
the originally qualified capabilities. In this regard, CVI serves as a tool for monitoring the
quality and reliability of the manufacturer’s
technology, capabilities, materials, and processes. The inspection and associated report
is performed every two years. The CVI data
must reflect the capabilities of the manufacturer as related to the QML listing for each
material type.

2. Add-on Qualifications: Allow a manufacturer to more easily expand its QML listing
than performing initial qualifications. Add-on
qualifications are governed by the QM plan,
and the manufacturer’s qualification test procedure and are controlled by the TRB. One
benefit of add-on qualification is that it allows the TRB to use current jobs to extend
their QML listing. It also allows jobs outside
the manufacturer’s current capability listing
to be accepted. To do this, though, careful attention must be paid to the add-on qualification test plan when it is generated. Also, open
communication with the customer should be
practiced. In the case that the boards do not
meet testing requirements, the shipped product cannot be considered to be MIL-PRF-31032
certified.
3. PDA: Percent Defective Allowed (PDA): Is

most useful when the nature of the commodity makes it unreasonable to perform destructive testing on finished products, such as
printed boards. The idea behind PDA is that
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if a significant portion of a lot is defective or
if a significant portion of representative test
vehicles has defects, there is a chance that the
remaining lot may have defects that the inspections did not uncover. PDA is a flag for
the TRB to look twice at suspect lots before
shipment.

4. Periodic Conformance Inspection (PCI): Formerly called Group B, PCI is performed periodically at defined intervals (usually monthly) rather than on each lot. The tests and
frequencies listed in the associated specifications are guidelines to a PCI assessment
program.
5. Lot Conformance Inspection (LCI): Formerly
called Group A and in-process inspection,
LCI is the method of verifying and recording printed board compliance on a lot-by-lot
basis.
Your foreign-language class for MILPRF-31032 is over, so your communication
with the DLA can now start without any awkward moments. In my next column, I will
summarize step two: pre-certification requirements. PCB007
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IDTechEx: The Future of Wearables Is
Medical (Part 1) E

Wearable technology and medical devices have
many prominent synergies. Electronic devices
on the body are perfectly placed for sensors to
collect data relevant to healthcare, with communication options allowing them to be the
gateway to digital health data.

Wrist-worn Wearables Maintain a Strong
Growth Trajectory in 2Q19 E

Shipments of wrist-worn wearables—including smartwatches, basic watches, and wrist
bands—reached 34.2 million units, up 28.8%
year over year during the second quarter of
2019, according to the International Data Corporation (IDC) Worldwide Quarterly Wearable
Device Tracker.

Shipments of Bluetooth Powered
IoT Devices to Exceed Smartphones
by 2024 E

According to ABI Research, by 2024, IoT end
markets will represent 31% of total Bluetooth
and 27% of Wi-Fi device shipments, up from
13% and 10%, respectively, in 2018.

TrendForce Releases Latest Analysis
of the SSD Market E

TrendForce data shows that NAND Flash suppliers accounted for about 35% of the total SSD
shipments to the channel market in 2018.

Spending on AI Systems in the Middle East
& Africa to Top $374M in 2020 E

Spending on AI systems in the Middle East and
Africa is expected to maintain its strong growth
trajectory as businesses continue to invest in
projects that utilize the capabilities of AI software and platforms.
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Radar Market Size Worth $38B
by 2025 E

The global radar market size is expected to be
valued at $38.01 billion by 2025, registering
a CAGR of 3.8% over the forecast period, according to Grand View Research Inc.

Canadian Spending on Customer
Experience Technologies to Surpass
$18 Billion by 2022 E

Canadian spending on customer experience
(CX) technologies will total $15.8 billion in
2019, an increase of 5.1% over 2018, according
to the Worldwide Semiannual Customer Experience Spending Guide from International Data
Corporation (IDC).

Global Biometrics Technologies
Market Report 2019–2027 E

The global biometrics technologies market accounted for $14.6 billion in 2018 and is expected to grow at a CAGR of 16.2% over the forecast period 2019–2027, to account for $55.42
billion by 2027.

Worldwide Memory Semiconductor
Market to Reach $52.057 Billion
by 2024 E

The Global Memory Semiconductor Market for
Consumer Electronics Industry is projected to
grow at a CAGR of 0.63% to reach $52.057 billion by 2024, from $49.999 billion in 2019.

Top 10 Trends in Information and
Communication Technology Industry
for 2020 E

TrendForce provides predictions of the information and communication technology industry for 2020, focusing on 10 key themes.
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Additive Electronics
Momentum
Flex Talk

by Tara Dunn, OMNI PCB
There is no denying that additive manufacturing processes have been gaining popularity over
the past several years. We have additive manufacturing conferences, journals, and no end to
continued research and development. Additive
electronics, a segment of this technology, has
also been growing in popularity, and there are
several alternatives on the market that cater to
quick-turn, prototype, and PCB options.
Digging down into the additive electronics
market, there is another important segment
that is starting to build momentum: the fabrication of feature sizes bridging subtractiveetch processing capabilities and IC-scale technology. Fully additive, semi-additive (SAP), or
modified semi-additive processes (mSAP) enable fabricators to create PCBs, on flex or rigid
materials, with much finer feature sizes than
the traditional subtractive etch processes
can manufacture while also
working with
larger panel
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sizes than typical IC fabrication. While the concept of additive electronics is not new, it is new
technology in terms of PCB manufacturing.
I have been involved with additive electronics
for the past several years, and I have seen the
discussion of and demand for sub-75-micron feature sizes slowly grow. Conversations, questions,
and research about SAP and mSAP increased significantly when it was announced that the mSAP
process was used to create the circuitry in the
more recent versions of our smartphones. While
this process is available in very high volume in
some areas of the world, it is still in the early
stages of development in other areas.
In smartphone applications, it is easy to
see the benefit of 35-micron line and space
and the ability to shrink the circuit size to
allow space for a larger battery and more
sophisticated electronics. A s a s m a r t phone
user, I know I
appreciate t h a t
larger battery!
But even outside of the
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high-volume smartphone market, there is an
increased interest in the ability to design with
feature sizes below 75 microns and, along
with that, there is an increased interest in
what options are available in low-volume and
development quantities to achieve this. While
working with the SMTA to help develop a
new conference launching this fall, “Additive
Electronics: PCB Scale to IC Scale,” it has become clear that the industry is at an inflection
point. Increasingly sophisticated electronics
in smaller and lighter-weight packaging will
continue to drive the need to deliver finer feature sizes, leaving designers with the need to
identify potential solutions and provide fabricators with the opportunity to bring in new
capabilities to meet this need.

Increasingly sophisticated
electronics in smaller and
lighter-weight packaging will
continue to drive the need to
deliver finer feature sizes...
One of the forerunners in this technology
advancement is Averatek’s A-SAP process. Averatek has created a liquid metal ink (LMI)
and semi-additive manufacturing processes
that are capable of achieving feature sizes
from 75 down to 5 microns. This technology
is available for license to PCB facilities and
fits well with traditional PCB manufacturing
equipment. Currently, the A-SAP process is
being piloted in two PCB fabrication facilities
and will be commercially available over the
next few months.
There are several benefits to the semi-additive process; the most obvious is line width
and space. In traditional subtractive etch processing, when feature sizes push below 75 microns, there are significantly decreased yields
along with significantly increased cost per part.
With additive processing, not only is a 50-mi52 PCB007 MAGAZINE I OCTOBER 2019

cron line width and space now achievable, but
feature sizes can also design below 25 microns
before pushing fabrication capabilities. These
additive technologies open design possibilities
in several ways, such as the size. The overall
form factor can be shrunk considerably, and
this technology is finding use in things like
hearing-aid applications, neural probes and
catheters.
Mastering complex pinouts is another significant benefit. Routing 0.3-mm-pitch and
0.2-mm-pitch devices can be accomplished
without the need for costly multiple lamination cycles and with a reduced layer count
when compared to traditional subtractive etch
processing. Imagine moving from a 12-layer,
3-lamination stackup to an 8-layer design requiring only one lamination cycle by swapping
out four traditional layers for ultra-high density layers and incorporating those with traditional subtractive etched layers.
Not all applications require smaller, lighterweight packages. This additive technology also lends itself to the ability to add additional
electronics into a fixed space. Imagine adding
additional electronics and functionality in an
automobile.
As this technology develops with our lowvolume manufacturers, there will be many
more options available for designers challenged with space and weight constraints. At
this point, there is a lot of brainstorming and
creative thinking being done as to how to best
take advantage of these added capabilities. It
is clear that over the next several years, this
technology will find space alongside both subtractive etch fabrication methods and IC fabrication techniques. PCB007

CLICK HERE to attend the

Additive Conference on October 24, 2019.
Tara Dunn is the president of
Omni PCB, a manufacturer’s
rep firm specializing in the PCB
industry. To read past columns
or contact Dunn, click here.

Via Hole Filling and
Plugging, Part 2
Trouble in Your Tank

by Michael Carano, RBP CHEMICAL TECHNOLOGY
In my previous column, I presented several options with which to accomplish blind
and through-hole via filling. In this edition of
“Trouble in Your Tank,” I will discuss filling
blind vias and through-holes with polymeric
pastes.

Via Fill Paste

Often, the phrase “plugging paste” is used to
describe the method and material of completely
filling blind vias and through-holes. In general,
paste filling material selection is at the request
of the end user and indicated for a number of
reasons. It has been my experience that major
OEMs are driving the industry to migrate to the
high-Tg/low-CTE plugging paste formulations
for high-density applications. In addition, these
formulations are of a non-conductive nature
that provides a high-quality plugged via that
is cost-effective (Figure 1). Limitations abound

Figure 1: Example of a paste-filled through-hole.
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depending on PCB thickness, via diameter, and
paste properties.

Properties of Via Fill Materials

What attributes are needed for a high performance via fill material? There are specific
requirements for the plugging paste material,
such as:
• Good adhesion between copper and paste
even under temperature influences
• Good adhesion of copper, dielectrics,
or photoresist
• Solvent-free, one-pack system
• No air inclusions in the paste
• Tg>140°C
• CTE<40 ppm (below Tg)
• No shrinkage during curing
• Easily planarized
Additionally, the plugging paste material
must maintain a reasonable shelf life at room
temperatures. Keep in mind that these materials are thermally reactive. It is highly recommended that the fabricator use a 100% solids
content of the paste material with the thermally cross-linkable epoxy resin and specially
designed ceramic fillers. The ceramic filling
material restricts Z-axis expansion when the
filled vias are subjected to a thermal load. Interestingly, the coefficient of thermal expansion must remain in the 40–60 ppm range
to ensure that via cracks do not occur in the
filled via. In addition, it is critical that Z-axis
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throughout various thermal excursions. Z-axis expansion notwithstanding, the second critical thermal characteristic is the
glass transition temperature of
the cured paste material. Typically, a Tg of 140°C is ideal. However, the Tg can be increased by
prolonging the final curing time
and increasing curing temperature from 140°C to approximately
175–180°C. It is desired to have
the highest possible Tg without
impacting the flow and metallization properties [1].
With increased densification
leading to higher I/Os, smaller
components, higher assembly
Figure 2: Plated copper separating from filled via due to excessive
temperatures and smaller vias,
Z-axis expansion.
the CTE gains increased importance. Thus, the CTE values of the paste must
expansion is minimized to prevent the plated
be minimized to relieve stress that will cause
cap from lifting (Figure 2).
the plug to over-expand, allowing the overAs noted previously, a properly formulated
plugging paste for via fill must maintain a low metalized copper deposit to lift [2]. It is critiCTE at and above 140°C. The ceramic particles cal that to attain long-term stability within the
filled via under load conditions, load amplithat are formulated in the resin system function to restrain Z-axis expansion under ther- tudes must be minimized as much as possible. This means that the CTE must be as low
mal loading. The ceramic fillers can be seen in
Figure 3 under high magnification of the fully as possible over the temperature ranges [2].
cured polymeric paste.
There is no disputing the fact that the vias Conclusion
must be filled void-free and maintain integrity
Regardless of the method of via filling chosen, this is a process that is here to stay. Viafiling technology is a critical aspect of HDI
PCB fabrication and the never-ending quest for
miniaturization. PCB007
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Figure 3: Top view of filled via with plugging paste.
Ceramic particles embedded in the matrix are clearly
visible.
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DuPont Celebrates Groundbreaking
for Circleville Expansion E

DuPont Electronics & Imaging recently hosted a
groundbreaking ceremony to celebrate progress
on the planned $220 million expansion at its
Circleville, Ohio, plant.

The Use of Insoluble Anodes in
Acid Copper Plating E

Soluble anodes have been the staple of the
industry for decades, but they require extensive maintenance and generate waste in both
copper metal and electrolyte. As plated copper thickness uniformity requirements become
more stringent, more and more time will be
needed for anode maintenance to ensure the
uniformity of the anodic setup.

Brigitflex Invests in New Excellon
Drilling/Routing System E

Excellon has installed a model 154L vision
drill/routing system at Brigitflex Inc. of Elgin,
Illinois.

Chemcut Representative TriChem
Technologies Expands to Illinois E

TriChem Technologies will now be representing pre- and post-sales support of Chemcut wet
processing equipment in Illinois. TriChem has
been representing Chemcut equipment in Ohio,
Michigan, Indiana, and Kentucky since 2004.

Nano Dimension Sells DragonFly
LDM Additive Manufacturing System
to CityU E

Nano Dimension Ltd has sold a DragonFly
Lights-Out Digital Manufacturing (LDM) system to City University of Hong Kong (CityU),
a globally ranked public research university in
Kowloon, Hong Kong.

Amphenol Printed Circuits Recognizes
Panasonic as a Qualified Vendor for
Flexible Laminates E

Amphenol Printed Circuits has qualified Panasonic’s Felios Flexible Laminates and will now
increase usage on new part numbers.

Mitsubishi Electric Develops Metal
Corrosion Sensor Designed for
Mounting on PCBs E

MacDermid Alpha Releases New Acid
Copper Metallization Solution E

Mitsubishi Electric Corp. has developed what is
believed to be the world’s first compact metal
corrosion sensor small enough to be mounted
on printed circuit boards.

MacDermid Alpha Electronics Solutions has
released MacuSpec HT 300, a high throw DC
acid copper metallization able to metallize
through holes of 15:1 aspect ratio boards at
production volumes.

iNEMI Publishes Organic PCB and Power
Conversion Electronics Chapters From
the 2019 Roadmap E

Aismalibar to Speak at Cooling Days
Conference E

The International Electronics Manufacturing
Initiative (iNEMI) has announced the publication of the Organic PCB and Power Conversion
Electronics chapters of the 2019 roadmap.
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Aismalibar will speak and exhibit at this year’s
“Cooling Days” Conference in Würzburg, Germany, on October 22 and 23. The conference
will focus on how to cool electronics using the
latest generation PCBs.
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Solder Mask Tack Dry
Article by Nikolaus Schubkegel
Tack drying is a key process step, as it makes
the solder mask surface suitable for exposure.
Tack drying happens after coating the board
surface with a solder mask, but before exposure. If the tack drying process is done correctly, the solder mask surface will not adhere
to the base plate or the artwork.
The tack drying process is controlled through
three parameters: temperature, dwell time, and
airflow.
Practically speaking, in a factory environment, two of the three parameters—temperature and dwell time—are easily controlled.
Generally, there is little opportunity to change
the airflow. Let’s look at temperature and dwell
time more in detail.

Temperature

As a general rule, the tack-dry temperature
should be as low as possible; in other words,
it should only be as high as necessary. If the
temperature is too low, the evaporation rate
for the solvent will be to slow, and the solder
mask will not dry in a reasonable amount of
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time. If the temperature is too high, however,
the dry time certainly will be excellent, but it
could create a solder mask lock-in with repercussions by the developing time.
These repercussions manifest themselves in
the necessity of longer dwell times in the developer and potential solder mask residues on
pads and in holes.
For example, the LPI solder mask for rigid
products from Taiyo recommends temperature
range for tack dry between 65–80°C (150–
176°F) at the surface of the PCB. The elevated
temperature leads to a higher vapor pressure
of the solvent in the diffusion interface on the
immediate solder mask surface. Air circulation
then takes the solvent vapor away. Also, as
a general rule, increasing the temperature by
20°C will double the evaporating speed of the
solvent (valid in the range of 20–100°C).

Dwell Time

At any given temperature, the hold time in
the tack-dry oven should be as short as possible. In a well-ventilated convection dryer with
an air temperature of 80°C, the dwell time
should not exceed the recommended hold time
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from the technical datasheet. Typical dwell
times are in the range 40–70 minutes, depending on the type of solder mask.
If the air temperature is higher, however,
things are completely different. Sometimes,
for example, the air temperature can be much
higher than the recommended temperature
of 80°C. This can happen in tunnel tack dry
ovens of a certain design. In such cases, the
ideal belt speed (dwell time) must be determined experimentally. The optimal transportation speed (conveyor speed) for a good drying
depends on the board size, amount of copper,
and panel thickness. In practice, the conveyor
speed is set depending on panel thickness. The
panel thickness can be measured very easily;
it is often stated in the accompanying papers.
Looking at some real-world examples, let’s
start with these assumptions:
• The PCB is built with FR-4 and copper
– Copper density: 8,900 kg/m³
– FR-4 density: 1,850 kg/m³
– Average density of a PCB: 3,965 kg/m³
(assumption: 30% copper)
• The heat capacities are as follows
– Copper heat capacity: 385 J/kgK
– FR-4 heat capacity: 600 J/kgK
– Average heat capacity of a PCB:
536 J/kgK (assumption: 30% copper)
• We will consider three boards
– 0.05 mm, 0.5 mm, and 5 mm
– The size is 508 x 609 mm
(approximately 20” x 24”)
We will further assume that the airflow is
laminar over the PCB surface and flows over
both sides: on the top and bottom of the PCB.
The heat transfer coefficient depends strongly
on the airflow over the PCB surface. Of course,
if the airflow is turbulent, the heat transfer coefficient is higher, and drying is better, but that
turbulent airflow could cause surface defects
to appear on the wet solder mask surface.
At laminar airflow Re < 105, the calculated
heat transfer coefficient is 3 W/m²K at an airspeed of 0.3 m/s and 9 W/m²K at an airspeed
of 3m/s. Later, I’ll show you how to calculate
the heat transfer coefficient. With the given
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data, it is possible to calculate the time until
the board reaches 80°C, for example, if the airflow temperature is 120°C and the temperature
of the board at the beginning is 25°C:

Where:
C = specific heat capacity of the PCB,
Jkg-1K-1
V = volume, A·d, m³
ρ = density, kgm-3
α = heat transfer coefficient, Wm-2K-1
θ = temperature of the PCB after time t, K
θL = air temperature (i.e., 120°C, 393 K)
θ0 = temperature of PCB at t=0, 25°C,
298 K
A = surface, m²
d = board thickness, 0.5 mm/5 mm
(0.5; 5 · 10-3 m )
t = time, seconds
And:

Where:

With the known values, the heating time can
be calculated:

Table 1 shows the results of these calculations.

Table 1: The results of calculations to determine the time
to heat a room-temperature PCB to 80°C.
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The conclusion is that a thin board heats
up very quickly while a thick board heats up
slowly. Consequently, in a tunnel tack dry, the
belt speed needs to be set high for thin boards
and low for thick boards. While this is relevant for the processing of boards with different
thicknesses, it is also very important for the
construction of tunnel ovens.

Airflow

The most important criterion for tack dry is
the airflow on the solder mask surface. For a given piece of equipment, there is no possibility to
increase the airspeed on the surface of the PCB.
It is possible to open or to close ventilation flaps
on the machinery, and this will affect the airflow
and airspeed on the surface of the PCB. Mainly,
adjusting the flaps will simply affect the temperature distribution on the PCB surface, and it is
not advisable to change the flap settings.
Even at a long dwell time at an elevated temperature, the solder mask will not dry properly
if there is insufficient airflow. Higher airflow
results in a higher airspeed on the PCB surface,
has a strong influence on the heat transfer coefficient (i.e., the heating-up speed of PCB),
and has a strong influence on the evaporating
speed of solvent due to a higher difference of
partial pressure of solvent in the air and in the
diffusion interface on the solder mask surface.
The heat transfer coefficient can be calculated from the Nusselt criteria:

Where:
w = airspeed 0.3 m/s
l = length of the PCB (0.6m)
ρ = air density at 120°C, 1-bar pressure
0.8878 kg·m-3
η = dynamic viscosity of air at 120°C,
22,792 · 10-6 Pa.s
λ = heat conductivity of air 32,73·10-3
W/m·K

If the airspeed is 3 m/s, then a similar calculation gives an increased heat transfer coefficient of 9.5 Wm-2K-1. The position of the airflow relative to the PCB itself can be important.
Figure 1 illustrates the differences in evaporation efficiency. In the first example, boards are
parallel to the airflow resulting in both sides
of the board receiving nearly equal airflow. In
the second case, only one side of one board is
surrounded by good airflow, which means that
evaporation will be at different rates.
The evaporation speed is different for pure
solvents compared to solvent blends and completely different if evaporating a complex solvent resin mixture (as in solder mask). The

Which is valid if:

And:

Nusselt and Reynolds are dimensionless
numbers. Thus, the Reynolds criterion is as
follows:
Figure 1: The importance of PCB positioning in a
tack-dry oven.
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composition itself might have an influence on
evaporating speed. The solvent concentration
itself has an influence on drying speed and
evaporating speed of solvents. At the beginning of the evaporation process, evaporation
speed is high, then falls towards the end of the
drying process. In addition, air humidity has
a pronounced influence on the evaporation of
esters, ethers, and alcohols. The evaporation
of ether, esters and alcohols increases with
the square of air humidity. Air humidity has
almost no influence on the evaporation of hydrocarbons. As can be seen, the matter is very
complex.
The mathematical relationship between the
drying rate and airflow can be determined empirically. The drying rate depends on airspeed
on the surface of the ink, vapor pressure of
solvent, partial solvent pressure in the air, and
is given by the following relation:

Where:
K = constant, depending on the airspeed,
0.91 if Re < 50; 0,6 if 50< Re > 104
w = airspeed m/s
m = constant, 0.4–0.5, depending on the
airspeed.; m = 0,385 if Re < 50;
m=0,5 if 50< Re < 104
Λp = Pv - Pair
Pv = partial pressure of solvent in the
diffusion interface at the solder mask
surface, vapor pressure of solvent in
mm mercury

Pair = partial pressure of solvent in the air
flow in mm mercury; limited to 0.8
Vol% in air BGV D25, less than the
lower explosion limit for safety
reasons
G = evaporating speed g/cm2.h
The calculations are not rigorous or exact,
but they do illustrate the importance of temperature, airspeed, and hold time to the correct
tack dry of solder mask. PCB007
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RTW SMTAI 2019: Company Updates
and Future J-STD-001 Changes
Nolan Johnson speaks with Graham Naisbitt, chairman and CEO of Gen3 Systems, and Andy Naisbitt, operations director, about how they just signed an agreement with a new distributor. Graham also discussed
upcoming J-STD-001 changes and Gen3’s shift to a
more consultative customer model.
Click on the image to watch the interview.
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Vertical Conductive Structures,
Part 4: Tuning Your Signal Performance
Article by Joan Tourné
NEXTGIN TECHNOLOGY BV

Editor’s Note: Click to read Part 1, Part 2, and
Part 3.

loss and dispersion. We will use VeCS-2 technology (blind/hybrid) construction (Figure 1).
The advantage of using a stitching via is that
we can use “traditional” orthogonal routing,
which is very efficient in signal layer utilization. However, in some instances, orthogonal
or Manhattan routing could yield a longer trace
length, which could lead to a higher loss due
to the dielectric and conductive losses.

The objective of this article is to demonstrate
the possibility of using a stitching element as
an alternative to the point-to-point connections
that are used with
traditional via technology. Point-to-point
connections have the
best performance in
terms of signal integrity (one via less in
the connection that
distorts the signal).
A via is mainly a capacitive element that
causes signal loss/
dispersion.
This study focuses
on developing a layer transition element
Figure 1: Multi-level VeCS-2 technology construction.
that minimises the
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Figure 2: Simulation of the stitching element.
For the simulation of the stitching element,
we have set up the element shown in Figure 2:
a VeCS-2 (blind) element with eight connections—seven connections on one side and a
GND reference on the opposite side of the slot,
creating a reference to the seven connections.
For visibility purposes, we have not drawn all
of the reference layers.
The five connections consist of:
1. A differential pair
2. GND (purpose shielding)
3. A single-ended signal
4. GND (purpose shielding)
5. A differential pair

ed to minimise dispersion. In Figures 3 and 4,
we also show the second route features. The
dimension of the router bit used for the second
route, top back route, and bottom route is 0.3
mm. All of this routing is done in the same
process step.
The element created sets up a buried microstrip for the differential pairs and the single-ended trace. The trace width used in this
example is 0.12 mm; depending on the stackup, this can be tuned to the required differential impedance. The vertical trace width is
0.30 mm. This will yield a buried microstrip
construction and an impedance of ±110 ohms
(ZOdd). We took into account an Er of 4.0 for
the slot filling material.
The stub length is defined by the length
below the trace and the part of the slot that
is left over after removing the bottom of the
slot (Figure 6). We have set a maximum stub
length of 0.125 mm + 0.1 mm = 0.225 mm on
the bottom side.

The GND reference creates controlled impedance for the differential pair. The topside of
the differential pair VeCS section is back rout-

Figure 5: Vertical and horizontal trace width.

Figure 3: Top back rout.

Figure 4: Top view showing the bottom rout (BR).
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Figure 6: Stub length.

The top side of the slot is overplated (after
filling the trench with a dielectric), as shown
in Figure 8.
The cap plating is optional (Figure 8) on the
top of the back-routed VeCS element. If this is
applied, then it could influence the impedance
and need to be taken into the simulation as a
design parameter (Table 1).
The dielectric in the centre of the board
(thickness 1.0 mm) can be varied to adjust the
vertical trace length to determine the influence
on the signal performance. Now, it is used as
a filler to save on processing unused inner layers. The filling material used for the slot is a
via filling/plugging ink. The properties in the
frequency dome are known and can be used
in a field solver model to create an accurate
model.

Figure 7: Stub length at the top.

Figure 8: The top side of the overplated slot.
On the topside, we have a maximum stub
length of 0.125 mm. Here, we do not have to
include the 0.1 mm bottom side of the slot.

Signal Integrity Analysis of the
VeCS Stitching Element

Escaping out of a connector or BGA is one
complexity factor; there are also options to cre-

Table 1: Stackup.
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Figure 9: Top view of the VecS element.
ate layer transitions to avoid the point-to-point
connections on the same layer. To minimize
signal distortion/reflection, point-to-point connections are used in favour of via layer transitions. In this section, we analyse the SI perFigure 10: Eight-layer stackup.
formance of layer-to-layer transitions using
VeCS-2 technology.
The first objective in the analysis was to
Enabling the use of layer transition with little
reduction in the SI performance of the trans- perform a time-domain simulation and tune
mission line will simplify the routing of a lot of the trace width and anti-pad sizes such that
designs. This reduces the complexity of the de- we create the smallest distortion possible. We
sign (e.g., layer reduction, eliminates sequen- started with a traditional capacitive response
tial build-ups, etc.). For the SI performance as expected form a layer transition (e.g., via
analysis, we used “Simbeor THz 2017.01” with through hole) and began to tune the VeCS elethanks to Yuriy Schlepnev for translating our ment such that we got close to a flat line. More
VeCS design in the analysis and simulation modification changed the response from a capacitive (red and blue lines) to an inductive
tool.
(green line) element, as is shown in Figure 11.
From the mechanical VeCS-2 design princiWe used the results of the TD simulation to
ples, the following VeCS element was created.
perform the 30 Gb/s bitstream eye-diagram
We used one differential pair per VeCS, where
the rest of the element is shielded in a top view representation
(Figure 9).
We created an eight-layer
stackup targeting a 95-ohm differential impedance, as shown
in the 3D view in Figure 10.
When we perform the second
route, we clean the bottom section, create the vertical traces,
and remove the stub on the top
of the VeCS traces. This can all
be done in one cycle. Layer 3
and 7 are the signal layers, and
Figure 11: TDR response as a function of the variable vertical trace widths.
the others are reference layers.
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CSE program at ipc.org/cse.

®

Figure 12: Launch bit pattern.

Figure 13: Exit bit pattern.

Figure 14: Super-imposed launch and exit eye pattern.
simulation. Figure 12 in green shows the reftransmission line without VeCS. Details of the
erence transmission line without the tuned two eye-diagrams are listed in Table 2.
VeCS element, and Figure
13 in red the transmission
line with a tuned VeCS layer
transition (best fit/low-reflection TDR).
In Figure 14, we superimposed the eye-diagram for
the transmission line without VeCS (green) on the
eye-diagram of the transmission line with the VeCS
element (red).
The eye is a bit more
closed when using the
VeCS; it is a marginal 0.516
V versus 0.539 V for the
Table 2: Simulation performance data.
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Conclusion

By varying the design parameters—such
as vertical trace width, antipad, and vertical
trace to reference—we can change the impedance and match it with the impedance of the
horizontal traces, creating a non-reflective and
lower loss transition. We have not addressed
all parameters in this short article, but we will
do that in the following issues by adding actual
measurement data.
In the meantime, more products are built
in various programs to determine reliability
and match measurements with the simulation models. In Figure 15, a section of a deep
VeCS-2 slot demonstrates its capability. This is
part of the HDPUG program.
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Figure 15: A section of a deep VecS-2 slot.

RTW SMTAI 2019: EPTAC Continues Its Expansion
Andy Shaughnessy and Brenda
Clunie, Vice President of Operations for EPTAC, discuss the company’s current growth plans and
how its training facilities have expanded across the US and Canada
to serve the needs of OEMs who
are bringing in new, younger talent. The turnover in tribal knowledge is driving young people to
catch up and become empowered.
Clunie said that they are continuously adding instructors and
training partners to bring training
as near to the customers as they
can.
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Click on the image to watch the interview.

Editor Picks from PCB007
in Your Tank: Via Hole
1 Trouble
Filling and Plugging, Part 1

on Data: IPC-2581 Intelligent
3 Dana
Bi-directional Data Flow

High-density interconnect
(HDI) demands that vias
that do not contain component leads be plugged with
either a polymeric paste or
electroplated copper. In this
Michael Carano
column series, Michael Carano talks about the technology drivers for via
filling/plugging in the context of HDI.

The IPC Consortium is nearing completion of transferring notes on drawings and
working with IPC on converting key IPC specifications
into attributes that can be automatically loaded into CAD
and CAM systems.

E

2

Additive Electronics Conference
Set for October 24, 2019 E

Tara Dunn, president of Omni PCB and I-Connect007 columnist, and Lenora Clark,
director of autonomous driving and safety technology at
MacDermid Alpha AutomoTara Dunn
tive, discuss the upcoming Additive Electronics Conference in San Jose, California, on October 24, 2019; the impetus and
motivation behind the conference; and who
can benefit the most from attending.
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PCB monthly shipments
for the first three quarters
show some positive growth
compared to the same periods of the previous year.
However, growth was stagnant during October and
November and declined
significantly in December.

Dominique Numakura
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Institute of Circuit Technology
5 The
Autumn Seminar

Designs for Excellence in
8 IPC
Conjunction With PCB Carolina

On September 19, a multitude of Institute of Circuit
Technology (ICT) fellows,
members, and associates
gathered for the Institute’s
autumn seminar, which was
organised and hosted by ICT
Technical Director Bill Wilkie.

IPC is offering a day-long
technical education seminar on design for excellence
(DFX), design for manufacturing (DFM), design for reliability (DFR), and design for
Dale Lee
assembly (DFA) in conjunction with PCB Carolina on November 12, 2019,
in Raleigh, North Carolina, at the McKimmon
Conference and Training Center.

E

Bill Wilkie
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E

Only Common Sense: Great
9 It’s
Customer Service Stories

Forged in Adversity E

E

When you’re in the PCB business, the one thing you can
count on is that something
will go wrong; it always does.
Here are six steps to not only help and support your
Anaya Vardya
vendor through problematic
times but also use the adversity as an opportunity to develop a deeper and more productive
relationship.

World, One Industry:
7 One
Maintaining a Strong Economy

Through Workforce Development E

As members of the electronics industry, we work in a
quickly evolving technological field illustrated by
continual change and advancement. We must have
a workforce that is ready to
meet these advancements.

We all love wonderful customer service stories. Stories
of human kindness and great
customer service are everywhere. In a way, customer
service is where humanity supersedes business as usual.

Dan Beaulieu

IPC Report Shows
J New
North American PCB Industry
Turnaround E

For the first time in five
years, domestic PCB production grew in 2018. North
America’s PCB market also
grew last year by nearly 8%,
solidifying the turnaround
that began in 2017.

John Mitchell
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Career Opportunities
FREEDOM
CAD
S E RV I C E S
Sr. PCB Designer–Mentor Xpedition

TECHNICAL SALES ENGINEER

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

AGC NELCO AMERICA, INC. is a global advanced materials
company which develops and manufactures high-technology digital and RF/microwave printed circuit materials principally for the telecommunications and internet
infrastructure and high-end computing markets.

Key Qualifications

ESSENTIAL RESPONSIBILITIES

• EXPERT knowledge of Xpedition VX 2.x
• Passionate about your PCB design career
• Skilled at HDI technology
• Extensive experience with high-speed digital,
RF, and flex and rigid-flex designs
• Experienced with signal integrity design
constraints encompassing differential pairs,
impedance control, high speed, EMI, and ESD
• Excellent team player who can lead projects
and mentor others
• Self-motivated with the ability to work from
home with minimal supervision
• Strong communication, interpersonal, analytical,
and problem-solving skills
• Other design tool knowledge is considered a plus
(Altium, Allegro, PADS)

Primary Responsibilities

• Design project leader
• Lead highly complex layouts while ensuring quality,
efficiency, and manufacturability
• Handle multiple tasks and provide work leadership
to other designers through the distribution,
coordination, and management of the assigned
workload
• Ability to create from engineering inputs, board
mechanical profiles, board fabrication stackups,
detailed board fabrication drawings and packages,
assembly drawings, assembly notes, etc.

RIGID/FLEX CIRCUITRY OR FLEX CIRCUITRY

• Training in the area of high-speed materials will be
provided; the successful candidate will promote
AGC high frequency materials.
• Visit companies that could employ flex circuitry or
rigid/flex circuitry to promote AGC solutions/materials.
• Build an OEM customer base for AGC flexible materials;
support design work around AGC materials.
• Visit fabricators building high-speed or high
temperature rigid/flex circuitry.
• Participate in industry consortium, assist in
publication of technical articles.
• Work from a home-based office; relocation not
required.
• Domestic US travel required.

QUALIFICATION REQUIREMENTS

• BS degree in a relevant technical discipline.
• Industry expert in either rigid or flex circuitry design.
• Extensive experience in the high-speed cable and
connector industry.
• Familiarity with the high-speed cable & connector
industry and the customers that are converting
designs to high speed flex circuitry.
• The candidate could come from the rigid/flex
fabricator base and have familiarity with the
manufacture and design of multilayer
rigid/flex circuitry.
Please forward your resume to:

HR@AGC-Nelco.com
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Career Opportunities
NW Regional Quality Manager
Westak of Oregon is one of the premier manufacturers of military, aerospace and commercial printed circuit
boards. We’re an Equal Opportunity Employer, committed to hiring a diverse workforce in the beautiful state of
Oregon, an economic force in technology. We offer a competitive salary, including comprehensive benefits and a
relocation package for those who qualify.
As our NW Regional Quality Manager, you will be responsible for managing and leading the QA department to
support the manufacture of quality product.

TASKS:

• Manage quality engineers and technicians
• Manage the Standard Inspection Procedure &
Calibration Program
• Manage our internal/external CA/PA system
• Manage the RMA process
• Manage the ISO Quality System, including the Internal
Audit System
• Manage the IPC, military, Bellcore and customer specs
• Measure quality performance
• Employee training, certification, and performance
reviews
• Plan & coordinate audits to ensure controls are in
place and maintained to continuously improve
product yield
• Set QA compliance objectives
• Other duties as assigned

REQUIREMENTS:

• 5 years managerial experience in PCB operation
• Technical degree or equivalent experience
• In-depth understanding of IPC specifications, military
specifications and Bellcore requirements
• SPC, SQC and DOE training/experience
• Able to analyze non-conformance of product
• Effective verbal and written skills
• Must be a U.S. person, as defined by ITAR regulations:
a U.S. citizen, U.S. permanent resident, political asylee,
or refugee
• Able to prioritize and meet deadlines
Send your resume to hr@westak.com.
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OEM Sales Manager
Chicago/Home-Office-Based

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

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

Required:

• 7 to 10 years’ experience in the PCB industry in
engineering and/or manufacturing
• Detail-oriented approach to tasks
• Ability to manage tasks and set goals
independently as well as part of a team
• Knowledge of MS office products
Full product training will be provided.
This is a fantastic opportunity to become part of a
successful brand and leading team with excellent
benefits.
Please forward your resume to
jpattie@ventec-usa.com and mention
“Technical Sales Engineer—Chicago”
in the subject line.

Career Opportunities
Senior Development Engineer
Rogers Corporation is seeking a senior development engineer accountable for the development of
more complex products and processes, the establishment of sound technical bases for these developments, and effective interaction with technology,
process, and platform innovation; operations; sales
and marketing; and process engineering personnel
to commercialize these developments.

Essential Functions:

• Design and conduct experiments and interpret
the results
• Report on projects in both written and verbal
formats at all levels of the organization
• Perform technical troubleshooting of new
products and processes; act as new product/
concept incubator for new technologies and
platforms, identifying opportunities for improvement and incorporation design for manufacturing
requirements resulting in a viable, scalable product
• Provide ongoing process and manufacturing
support to newly launched products as applicable
• Provide support in terms of analytical equipment
maintenance, methods development, material
analysis, and documentation of new process or
products
• Manage capital projects for the purchase and
installation of new process or support equipment;
train employees in new processes
Required Education and Experience:
Ph.D., Ch.E., M.E., or material science, or B.S. or higher in a technical discipline with accomplishment in
product development and project management.
Rogers Corporation provides equal employment opportunities to minorities, females, veterans, and disabled
individuals as well as other protected groups.

Field Service Engineer
(Location Negotiable)

Are you passionate about delivering an exceptional user experience? Come work as a field service engineer at the industry’s leading inspection
company that offers great benefits with opportunities to advance while learning alongside accomplished business leaders.

The Company: Koh Young is the leading 3D
inspection solutions provider in the electronics
manufacturing industry. With is new offices in Atlanta and Guadalajara, it helps its customers optimize their printed circuit board assembly process.

The Position: Deliver technical services—including installation, support, and maintenance—to
elevate the user experience. Location is flexible,
but OH, IN, IL, MA, MI, FL, CA, or Toronto are desired.
The Reasons: An opportunity to apply leading-edge inspection technology to products you
know and use every day. A great environment that
supports its team and treats everyone like family.
Join the industry’s leading provider of
true 3D inspection solutions
Interested? Submit your resume below.
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Career Opportunities

Gardien Is Hiring!
The Gardien Group, a leading solutions
provider in the PCB industry, is looking to fill
multiple openings in their China, Japan, Taiwan, and United States service centers.
We are looking for electrical engineers,
operations managers, machine operators,
and sales executives. Prior experience in
the PCB industry is beneficial but not essential. Training will be provided along with
excellent growth opportunities, a benefits
package, and periodic bonuses.
Our global teams are from diverse cultures and work cohesively as a tight-knit
unit. With performance and initiative, there
are plenty of opportunities for professional
growth.
Gardien is an equal opportunity employer. Employment decisions are made without
any regard to race, color, religion, national
or ethnic origin, gender, sexual orientation,
age, disability, or other characteristics.
Interested candidates, please contact us
with your resume and a cover letter. Kindly
note that only shortlisted candidate will be
contacted.
Apply at careers@gardien.com.
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Key Account Managers/
Outside Sales

Itasca, IL • Hampstead, NH • Ontario, CA
NCAB Group is a global leader in the printed circuit
board (PCB) industry, selling over 110 million PCBs
yearly from 14 different countries. We are now looking for key account managers for our U.S. teams.
We are looking for sales professionals with at
least five years of printed circuit board experience
and/or semiconductor experience and knowledge.
This is a sales position that requires your ability to
convert those cold calls into high-value customer
meetings.

What we are looking for:

• A “hunter” mentality
• The ability to create solid customer
relationships
• A strong history of working closely with
your inside sales teams
• An excellent ability presenting your product
and doing the deep dive during your
customer visit to identify your customers’
pain points
• Knowledge of “SPIN” selling
• A college degree preferred but not required
• Someone who enjoys travel both
domestically and globally

Who are we? At NCAB Group, it is the people that
make us unique. We work according to our values;
quality first, strong relationships and full responsibility, and encourage employee empowerment and
initiatives.

Career Opportunities
Assistant Department Manager,
Operations, Carson City, NV
This is an entry-level professional management
trainee position. Upon completion of a 1–2-year apprenticeship, this position will be elevated to facility/
operations manager. Primary functions during training:
shadow incumbent staff managers to learn and understand the operations and personnel of the operations
department. This position will train and learn, develop,
implement, and coordinate strategies related directly
to the manufacture of Taiyo products. Additionally, this
position will be learning all about the facility, environment, and health and safety functions. Eventually, this
position will be responsible for the administration, security and maintenance of the facility and warehouse

Required Experience/Education:

• 4-year college degree in industrial engineering or
another similar science discipline combined with
work experience in ink or coatings manufacturing
• Ability to read, analyze, and interpret common scientific and
technical journals, financial reports, and legal documents
• Ability to respond to inquiries or complaints from
customers, regulatory agencies, or members of the
business community
• Ability to develop and implement goals, objectives,
and strategies
• Ability to effectively present information to top management, public groups, and/or boards of directors
• Ability to apply principles of logical or scientific thinking
to a wide range of intellectual and practical problems
• Knowledge of governmental safety, environmental,
transportation regulations/laws

Preferred Skills/Experience:
• Bilingual (Japanese/English)
• Toyota Production System (TPS)

Working Conditions:

• Occasional weekend or overtime work
See complete job listing for more information.

Become a Certified IPC
Master Instructor
Opportunities are available in Canada, New England, 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 leading provider of electronics training and IPC certification and we are looking for instructors that have
a passion for working with people to develop their
skills and knowledge. If you have a background
in electronics manufacturing and enthusiasm for
education, drop us a line or send us your resume.
We would love to chat with you. Ability to travel required. IPC-7711/7721 or IPC-A-620 CIT certification
a big plus.

Qualifications and skills

• A love of teaching and enthusiasm to help
others learn
• Background in electronics manufacturing
• Soldering and/or electronics/cable assembly
experience
• IPC 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
• IRA retirement matching contributions after
one year of service
• Training and certifications provided and
maintained by EPTAC
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Career Opportunities

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

Qualifications:
• A self-motivated business professional who is
driven to succeed with a minimum of 3 years
outside sales experience in the PCB or PE
industry
• Proven sales/business development record
• Excellent communication and interpersonal
skills
• OEM and electronic assembly experience
is a plus

We offer:
• Competitive salary and commission plan with a
comprehensive benefits package
• A fun, high-energy company with an
entrepreneurial spirit
• A great group of people to work with!
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Analyst Programmer, Hong Kong
We believe in caring about our people because
they are our greatest asset. CML works with multicultural stakeholders daily to achieve more and
bring them the best solutions. That’s why we continuously invest in optimizing our culture and focus
on providing our team with opportunities to develop
their skills (e.g., through professional coaching to
achieve their highest potential).
The analyst programmer will assist the IT and ERP
manager in Hong Kong to support the company’s BI
systems, ERP systems, and other related IT-landscape applications.
In addition, this post will participate in system development projects and provide support including,
but not limited to, user requirement collection and
analysis, user training, system documentation, system support and maintenance, enhancement, and
programming.
• Develop and enhance related IT systems and
applications
• Prepare functional specifications
• Transfer the relevant business and interface
processes into IT systems and other applications
to get a maximum automation degree and prepare
all required business reports
• Conduct function testing and prepare
documentation
• Manage help desk/hotline service
CML is a leading provider of printed circuit boards.
We develop tailor-made sourcing and manufacturing
solutions for our customers worldwide with strong
partnerships and reliable connections.

Career Opportunities

APCT, Printed Circuit
Board Solutions:
Opportunities Await
APCT, a leading manufacturer of printed circuit boards, has experienced rapid
growth over the past year and has multiple
opportunities for highly skilled individuals
looking to join a progressive and growing
company. APCT is always eager to speak
with professionals who understand the value of hard work, quality craftsmanship, and
being part of a culture that not only serves
the customer but one another.
APCT currently has opportunities in Santa
Clara, CA; Orange County, CA; Anaheim, CA;
Wallingford, CT; and Austin, TX. Positions
available range from manufacturing to quality control, sales, and finance.
We invite you to read about APCT at APCT.
com and encourage you to understand our
core values of passion, commitment, and
trust. If you can embrace these principles
and what they entail, then you may be a
great match to join our team! Peruse the opportunities by clicking the link below.
Thank you, and we look forward to
hearing from you soon.

Development Chemist
Carson City, NV
Develop new products and modify existing products
as identified by the sales staff and company management. Conduct laboratory evaluations and tests of the
industry’s products and processes. Prepare detailed
written reports regarding chemical characteristics.
The development chemist will also have supervisory
responsibility for R&D technicians.

Essential Duties:

• Prepare design of experiments (DOE) to aid in the
development of new products related to the solar
energy industry, printed electronics, inkjet technologies, specialty coatings and additives, and nanotechnologies and applications
• Compile feasibility studies for bringing new
products and emerging technologies through
manufacturing to the marketplace
• Provide product and manufacturing support
• Provide product quality control and support
• Must comply with all OSHA and company workplace
safety requirements at all times
• Participate in multifunctional teams

Required Education/Experience:

• Minimum 4-year college degree in engineering or
chemistry
• Preferred: 5–10 years of work experience in
designing 3D and inkjet materials, radiation cured
chemical technologies, and polymer science
• Knowledge of advanced materials and emerging
technologies, including nanotechnologies

Working Conditions:

• Chemical laboratory environment
• Occasional weekend or overtime work
• Travel may be required
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Career Opportunities
SMT Field Technician
Huntingdon Valley, PA

Multiple Positions
Available
The Indium Corporation believes that
materials science changes the world. As
leaders in the electronics assembly industry we are seeking thought leaders
that are well-qualified to join our dynamic global team.
Indium Corporation offers a diverse range
of career opportunities, including:
• Maintenance and skilled trades
• Engineering
• Marketing and sales
• Finance and accounting
• Machine operators and production
• Research and development
• Operations
For full job description and other
immediate openings in a number
of departments:
www.indium.com/jobs
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Manncorp, a leader in the electronics assembly
industry, is looking for an additional SMT Field Technician to join our existing East Coast team and install and support our wide array of SMT equipment.

Duties and Responsibilities:

• Manage on-site equipment installation and
customer training
• Provide post-installation service and support,
including troubleshooting and diagnosing technical problems by phone, email, or on-site visit
• Assist with demonstrations of equipment to
potential customers
• Build and maintain positive relationships with
customers
• Participate in the ongoing development and
improvement of both our machines and the
customer experience we offer

Requirements and Qualifications:

• Prior experience with SMT equipment, or
equivalent technical degree
• Proven strong mechanical and electrical
troubleshooting skills
• Proficiency in reading and verifying electrical,
pneumatic, and mechanical schematics/drawings
• Travel and overnight stays
• Ability to arrange and schedule service trips

We Offer:

• Health and dental insurance
• Retirement fund matching
• Continuing training as the industry develops

Career Opportunities
Sales Representatives
(Specific Territories)
Escondido-based printed circuit
fabricator U.S. Circuit is looking to
hire sales representatives in the
following territories:
• Florida
• Denver
• Washington
• Los Angeles
Experience:
• Candidates must have previous
PCB sales experience.
Compensation:
• 7% commission
Contact Mike Fariba for
more information.
mfariba@uscircuit.com

We Are Recruiting!
A fantastic opportunity has arisen within Electrolube, a progressive global electrochemicals manufacturer. This prestigious
new role is for a sales development manager with a strong technical sales background
(electro-chemicals industry desirable) and
great commercial awareness. The key focus
of this role is to increase profitable sales of
the Electrolube brand within the Midwest area
of the United States; this is to be achieved via
a strategic program of major account development and progression of new accounts/
projects. Monitoring of competitor activity
and recognition of new opportunities are also
integral to this challenging role. Full product
training to be provided.
The successful candidate will benefit from a
generous package and report directly to the
U.S. general manager.
Applicants should apply with their CV to
melanie.latham@hkw.co.uk
(agencies welcome)
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Career Opportunities

Zentech Manufacturing:

Hiring Multiple Positions
Are you looking to excel in your career and
grow professionally in a thriving business?
Zentech, established in Baltimore, Maryland,
in 1998, has proven to be one of the premier
electronics contract manufacturers in the
U.S.

IPC Master
Instructor
This position is responsible for IPC and
skill-based instruction and certification
at the training center as well as training events as assigned by company’s
sales/operations VP. This position may
be part-time, full-time, and/or an independent contractor, depending upon
the demand and the individual’s situation. Must have the ability to work with

Zentech is rapidly growing and seeking
to add Manufacturing Engineers, Program
Managers, and Sr. Test Technicians. Offering an excellent benefit package including
health/dental insurance and an employermatched 401k program, Zentech holds the
ultimate set of certifications relating to the
manufacture of mission-critical printed circuit card assemblies, including: ISO:9001,
AS9100, DD2345, and ISO 13485.
Zentech is an IPC Trusted Source QML and
ITAR registered. U.S. citizens only need apply.
Please email resume below.
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little or no supervision and make appropriate and professional decisions. Candidate must have the ability to collaborate with the client managers to continually enhance the training program.
Position is responsible for validating
the program value and its overall success. Candidate will be trained/certified
and recognized by IPC as a Master Instructor. Position requires the input and
management of the training records.
Will require some travel to client’s facilities and other training centers.
For more information, click below.

MEETINGS & COURSES: February 1-6
CONFERENCE & EXHIBITION: February 4-6
SAN DIEGO CONVENTION CENTER | CA

www.IPCAPEXEXPO.org

E L E VAT E T H E
EXCELLENCE OF
ELECTRONICS
STA NDA RDS
EDU C AT I O N

SOLUTIONS

Join Us to Celebrate 20 Years
of the IPC APEX EXPO!
The pursuit of excellence in electronics is year-round. But during IPC APEX
EXPO 2020, the focus of the electronics industry will be on how collectively,
we can elevate all aspects of our industry and the products we create.
Together, we'll celebrate the 20th Anniversary of IPC APEX EXPO, explore
innovative ideas and share our experiences, all with an eye toward a future
driven by success.
Plan now to elevate your excellence in San Diego at IPC APEX EXPO 2020.

Register by December 19 to get your
20% advanced registration discount!

ipcapexexpo2020.ipc.org | #ipcapexexpo

A DV OCA C Y

Events Calendar
AltiumLive 2019: Annual PCB
Design Summit E
October 21–23, 2019
Frankfurt, Germany

Medical Design & Manufacturing
(MD&M) Minneapolis E
October 23–24, 2019
Minneapolis, Minnesota, USA

TPCA SHOW 2019 E

International Test Conference E
November 12–14, 2019
Washington D.C., USA

productronica 2019 E
November 12–15, 2019
Munich, Germany

Electric & Hybrid Aerospace
Technology Symposium E
November 13–14, 2019
Cologne, Germany

October 23–25, 2019
Taipei, Taiwan

China Electronics Fair E

2019 International Electronics
Circuit Exhibition (Shenzhen) E

IPC Electronics Materials Forum E

IPC APEX EXPO 2020 E

October 30–November 1, 2019
Shanghai, China

November 5–7, 2019
Minneapolis, Minnesota, USA

December 4–6, 2019
Shenzhen, China

February 1–6, 2020
San Diego, California, USA

Additional Event Calendars

Coming Soon to PCB007 Magazine:
NOVEMBER: From My Point of View

Sometimes, the best view into an industry or a community is through individual voices. In this issue, we talk
to members of our business community, gathering and
sharing their voices and perspectives.
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DECEMBER: What You Need to Learn

No matter your age or experience level, to move
technology forward, we all need to be continuous
learners. In this issue, we highlight the highest impact
topics to further your expertise.
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