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GreenSource: The Future
Nolan’s Notes

by Nolan Johnson, I-CONNECT007
This is my first issue as managing editor
of PCB007 Magazine. As I start this journey,
I want to thank my predecessor, Patty Goldman, for gifting me with such a strong, vibrant
magazine. Patty has guided this magazine expertly and is taking her skills and talents to IConnect007’s quarterly Flex007 Magazine. It’s
a humbling honor to find myself filling her editorial shoes.
This issue is a special one. We devote the
entire magazine to a detailed look at GreenSource Fabrication (a division of Whelen Engineering) and its brand new, fully automated

HDI facility in New Hampshire. GreenSource
is arguably the most advanced and automated fabrication facility in North America today.
To achieve this, Alex Stepinski, vice president
of GreenSource and process architect, had to
approach every step with fresh thinking.
Under Stepinski’s vision and planning—
and in collaboration with equipment designers
at Atotech, AWP, Schmoll/Burkle, InduBond,
CIMS, and others—the GreenSource facility
has stitched together a series of automation
ideas and processes that result in 1) a zerowaste PCB shop that 2) delivers much tighter

Figure 1: One year in one minute! The I-Connect007 team placed a time-lapse camera in the GreenSource Fabrication facility
to capture ongoing construction of the second phase of this unique automated facility. Click to watch the video.
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tolerances with 3) an any-panel-count capability, all while operating with 4) less energy, 5)
fewer chemicals, and 6) delivering fabricated
product in about an hour with 7) a 99.9% expected yield.
Those are a LOT of challenging objectives to
achieve all at the same time.
We’ll take you through the plant, talk to
the staff, and bring you technical details from
each of the leading equipment suppliers who
worked as a team with Stepinski to create
this step forward in North American fabrication. You’ll also meet the new generation of
twenty-somethings who are innovating PCB
fabrication operations. GreenSource shows us
what 21st-century printed circuit fabrication
will look like.
We lead off this issue with a walking tour of
the entire facility. Stepinski and Barry Matties
discuss the processes and the equipment. As
they do, the conversation always comes back
around to planning for the future.
Next, Happy Holden takes us deeper into the
modernized methods at GreenSource, and exactly how they contribute to “Lean” as well as
“green” with an assessment of the manufacturing efficiencies.
Atotech is one of the key equipment suppliers we showcase in this issue. The lively, technically rich conversation with the Atotech support team dives into all the Atotech processes,
environmental innovations, and chemistry online at GreenSource.
Drills and laser processing equipment play
a vital role at GreenSource. In our next article,
Patty Goldman explores all the Schmoll and
Burkle equipment with Burkle’s David Howard. If you’ve only ever thought of drills as a
mechanical fabrication step, you need to read
this interview.
The staff play a critical part in the operation
of any manufacturing facility. I gathered all
the employee interviews we conducted on site
and spotted some common themes and objectives that GreenSource is employing to build a
world-class, sustainable staff.
Next, we track back to the equipment with
an exposé on InduBond and their innovative
lamination technology. InduBond’s use of elec-

trical induction to laminate multilayers provides significant cost savings and efficiency,
making this conversation between Víctor Lázaro and the I-Connect007 editorial team a mustread.
In the automated optical inspection (AOI)
department, GreenSource worked with CIMS.
We talk with David Ravino about the CIMS installation, metrology, and integration into the
factory’s automation database.
Jim Brown, GreenSource account manager, sat down with Patty Goldman during our
visit. They discuss precisely how GreenSource
will sell to its customers. For a factory this advanced and this automated, the sales and support roles are dramatically different, making
this article an insightful read.
Turning back once again to the strategic
equipment vendors, we showcase AWP, who
fill a crucial role in the handling of board panels to automate the process. AWP has dozens
of pieces of board-handling equipment in the
automated line; the complexity of the design,
engineering, testing, and delivery must have
been quite an undertaking. I-Connect007 gets
the story from Jochen Zeller, AWP founder and
vice president.
Next, we talk with Bob Lazarra, president at
Circuit Connect in Nashua, New Hampshire.
Lazarra shares about the environmental culture around electronics production in New
Hampshire, and Circuit Connect’s long history
with green manufacturing.
Closing out the discussion, Patty Goldman
explores chemistry lab details with GreenSource’s Mark Chassé, including the new role
of the lab in monitoring and maintaining an
automated facility.
As if that weren’t enough, columnists John
Mitchell and Mike Carano file their latest.
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.
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GreenSource
Fabrication:
Looking to
the Future
Feature interview by Barry Matties

Alex Stepinski, GreenSource Fabrication vice president
and facility designer.

GreenSource Fabrication VP and factory architect Alex Stepinski took Barry Matties on a
walkthrough tour of the GreenSource Fabrication facility. Alex and Barry discuss processes,
equipment, facility design, typical manufacturing methods in the United States, and a myriad of other topics. A common theme highlights
Alex’s constant attention to the needs of the
future for GreenSource and his customers. In
this interview, we present some key excerpts
from that conversation where Alex shares his
vision for the future, and how this influenced
the GreenSource facility’s new methods.

part of the world with plating. The equipment
investment was a big deal but building a whole
factory to take advantage of it is another level
entirely. Anybody can buy a horizontal plater,
but how do you take advantage of the capability? One thing we did was build everything in
this factory around plating. Plating is usually
an afterthought, except that plating is the most
complex thing you will do in a board shop. For
everything else, there’s a solution. You can buy
a laser drill or an imager; there are 10 different suppliers for those things. Plating is always
what destroys circuit board shops.

Barry Matties: Alex, thanks for the tour today.

Matties: When we ask people in our surveys

GreenSource will be arguably the most automated and advanced high-density interconnect
(HDI) fabrication facilities in North America.
It’s also zero discharge, zero waste, and capable of single-panel lot sizes. Let’s start by discussing how far forward into the future you
chose to aim your factory design efforts.

Alex Stepinski: The whole factory is designed

for 10 years out. We’re years ahead of others in
developing this technology because there is no
push for it from other U.S. fabricators. For example, we are years ahead of everybody in this

10 PCB007 MAGAZINE I OCTOBER 2018

what the greatest challenge is, wet process
plating is among the top. But with the age of
computer control, you’re starting fresh, while
a company built in the ‘80s or ‘90s could be
stuck in a rut. How do they get out of it?

Stepinski: I don’t think it’s that hard. The key is

to invest money in research: travel, visit other
facilities and vendors, and find ideas. If you’re
a small shop, you can build a small plating line
that does what ours does, and it doesn’t cost
that much money. Meanwhile, there’s no reason larger companies can’t have all this. This

L I Q UID PHOTOIMA GEA B L E S O L D ER M A S K
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DIRECT IMAGING
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WITHSTANDS ENIG & IMMERSION TIN
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HALOGEN-FREE

PSR-4000 BW01 DI

PSR-4000 BN HF DI

Phone [775] 885-9959 • www.taiyo-america.com • info@taiyo-america.com

equipment is already in Asia, but the U.S. market has never considered it. Everybody is stuck
in what they already do.
Another factor is turnover. Larger companies
have a lot of turnover, and when you have a lot
of turnover, you can’t do projects like this. This
GreenSource buildout is a multi-year project.
You can’t have five people leave in the middle of the project or you’ll never finish it. You
also can’t change your management structure
or move people around all the time because
you’ll never finish a thought. The multi-year
approach of a private company is a huge advantage for projects like this.

Matties: Tell us about your electroless.
Stepinski: We do plating with very thin elec-

troless, the newest formulation and highest reliability on the market. We’re not stuck using
30-year-old electroless formulations due to being locked in by our customers. Since we’re a

brand-new shop, we’re using the latest stuff.
The equipment does everything with high reliability and throwing power. You can put a thin
layer on and then do electroplating two minutes
later. It doesn’t even have a chance to oxidize.

Matties: You just move it along.
Stepinski: Yes, it’s all in-line.
Matties: That’s a huge advantage.
Stepinski: Nobody else has this. Other fabs
need to put the work into baskets, take it out,
and etch it again.
Matties: You have one more plating line in the
shop, right?

Stepinski: This is our Ludy line over here with

the crazy-looking vertical plater. It’s robotically loaded and unloaded.

Figure 2: Very thin electroless plating processes from Atotech installed at GreenSource Fabrication.
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Figure 3: The Ludy vertical line at GreenSource shown here is nearing completion. Once operational, it is expected to
be capable of microvia aspect ratios up to 40:1 and beyond. Click to watch flyover drone video.

Matties: Where is Ludy based?
Stepinski: Pirmasens, Germany. We use a different concept; we do the regular free-plate process here, and then all copper cells are down
there. Over here, we have the option for nickel
and gold plating, and we do the resist stripping
in the line. We’re doing vertical resist stripping
and vertical differential etching for SAP products. As a result, the parts come out fully circuitized. That’s a unique feature. Also, every
tank has eight pumps. Do you see all of the
controls?
Matties: Yes, so you can really dial it in?
Stepinski: Absolutely. Initially, we have six ac-

tive tanks. They each hold eight panels, so 48
panels can be plated at one time. It’s a big line.
It’s the most advanced vertical line anyone has
ever done in North America from our understanding.

Matties: When will this be operational?
Stepinski: August. We’re going to start plating

the first two chemistries, which are the high as14 PCB007 MAGAZINE I OCTOBER 2018

pect ratio electrolyte and a semi-additive plate
that does blind via fill at the same time—both
from Atotech. The intention is to have one cell
for very high aspect ratios up to 40:1 or 50:1,
and the SAP process for the very fine line and
space and microvias—substrate-like PCB (SLP)
stuff. In the other cell, we’ll have a bath that
only does thick panel microvias. Because the
horizontal equipment only goes up to 2.4 mm,
we’ll have one cell configured for higher thicknesses.

Matties: Your approach to etching is different.
Stepinski: Our etch process is different. Ev-

erybody else tries to do vacuum etching
with some weird programming stuff on the
top side. Instead, we etch everything from the
bottom.

Matties: Makes sense.
Stepinski: It’s 40% faster from the bottom with

no puddling at all. We see about 20% of the
variation you’d normally get from top-side
etching. There are no moving parts—everything is fixed in place—so nothing can fail.

866-734-9403

it all “green,” but at the end of the
day, the green stuff doesn’t increase
the operating cost. Whenever you
go green, your operating costs tend
to be lower—that is, if you did it the
right way. There’s the capital investment, and then there’s the return.
For example, with etching, return on
investment (ROI) comes in a year or
two.

Matties: Building a factory like this

Figure 4: Wet-etch processes utilize bottom-side etching for greater
efficiencies.

and delivering a lot size of one, there
are different rates that you’re dealing with here. How difficult was it to
build a synchronized line?

Stepinski: It’s not that hard. This

Matties: Why aren’t more shops across North
America following this path?

whole factory is the first any-piece
flow PCB shop in the world. Everything is designed for a lot size of one core.

Stepinski: It is a function of the whole dynamic

Matties: Wow. A lot of people would think

in the U.S. market. I think most people in the
U.S. market are predominately from the ‘90s.
Thus, board shops and equipment are still
from the ‘90s, and the only things they replace
are the drills, testers, and imagers. All the wet
stuff is ancient.

Matties: The first thing you notice about this

shop is that there’s no odor. Sometimes you
walk into shops and can smell the chemistry
from the lobby.

that’s the big challenge. We’ve talked about lot
size of one before for many years, and they
didn’t adopt it for that reason.

Stepinski: We had to get a lot of new equipment

that hasn’t been built before, but the concept is
not difficult. It’s just that—if you want to buy
it off-the-shelf, it’s not available.

Matties: I think it’s like you said, you have to
think it through.

Stepinski: Yes, you don’t
smell anything here. For example, the acid etching is
recycled through kerosene.
We extract the copper and
bring it back to a sulfate.
I found the technology in
Sweden.
Matties: It works?
Stepinski: It seems to work.

We use some strange solutions here-and-there to keep
16 PCB007 MAGAZINE I OCTOBER 2018

Figure 5: Apollon digital direct imaging system, auto-reverse inline.

Leading the industry with innovative tools
for automated PCB layer stackup design
and documentation.

Polar congratulates GreenSource on their

achievements, and we are proud to be their suppliers
of PCB stackup design and signal integrity tools.
Martyn Gaudion
Managing Director, Polar Instruments Ltd.

Stepinski: We’re willing to step back and think

about it. If you look at the machine that manages in-between processes, it’s not an outlandish machine. It has a couple of readers
built in it—nothing special—but people can’t
figure it out for some reason that you have
to put a code on that you can read all the
way through the build process. How do we
do this? Just think it through. What is this
step going to do to the code? Maybe I should
change it a little bit. Then, what kind of reader do I need? Next, call the company that
makes the readers and test them all to determine which you want. I might need a different read on two machines because it doesn’t
work on them.
Ours was the first request of this kind. We
found that, in a lot of cases, other fabs weren’t
even trying to do things like this. You need to
determine what is important for the process.
How do I track it on this machine? How do I do
it on my own as much as I can? Then, it’s not
very expensive at all. It’s very cost effective to
do these things.

Matties: Earlier, in your office, we were talking

about data. You have overwhelming amounts
of data, which means you have to be smart
about the data that you decide you need.

Stepinski: Yes, we only collect what is essential.
Matties: How do you determine that?
Stepinski: Talk to your suppliers and custom-

ers and identify all of the critical variables.
Then make a first pass: “Here are the things
that I want to collect.” As you go along and
find something else that you want to add to
the control, add it. Maybe you’ll want to take
something away, but usually, you add. It’s
that simple. You don’t need to qualify every
variable as if no one has ever built a PCB before. Use existing expertise. That is what I
did when I designed this facility. I traveled
the world for months and talked to dozens of
board shops and suppliers all over the world to
find all of the best ideas. It’s all consolidated in
this one site.

Matties: It’s definitely a showcase, and you’re

transitioning from a captive shop to a job shop.
What was the motivation to do that?

Stepinski: The return on investment from the

original shop, plus the response we received
from potential outside customers. We decided
to open up the shop based on a lot of research
showing that moving forward into advanced

Figure 5: One unique piece of equipment in the line is this film peeler Alex sourced out of China.
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Figure 6: The planning and layout of the service walks show the same attention to detail and functional access as
elsewhere at GreenSource.
HDI could be our niche. There is no other advanced HDI supplier in the U.S. market that
does this advanced level of work professionally with all of the latest equipment. The other shops use older equipment. Their processes are more manual and horizontal. Ours is an
automated vertical process. On top of that, it’s
all green. This line doesn’t make one drop of
waste; it’s all contained in the line.

Matties: For such a new facility, what’s it like
in the quoting process?

Stepinski: We are going through our quoting

exercises right now with multiple clients. We
already have a couple that we are starting with
and everything is lining up with our original
plan.

Matties: Because this is a real data-driven fac-

tory, the data that you would get from your
customers might not necessarily align. How do
you build that bridge?

Stepinski: We have to talk to the customers a
lot. There’s an established process in North

America. Everybody basically uses almost the
same process—pattern plating, ammonia etch,
and HDI. We’re pursuing panel plate almost
exclusively. We do either panel plate subtractive etch, or SAP—that’s it. We offer a modified SAP and an advanced modified or straightup SAP. We don’t have regular alkaline etching
with traditional pattern plating. Pattern plating
results in 40% to 50% or more copper thickness variation on the surface. With panel plating, we are down less than 5%. Thus, when
you look at microvias made at GreenSource,
you will see every layer of copper is exactly
the same thickness. You can’t discern it with
the human eye.
If you look at the rest of the U.S. market, every layer is a different thickness. This is a major contributor to the microvia reliability failures that are present in the industry, among
many other things. The GreenSource team reviewed the top 10 items that we—and experts
around the world—believe contribute to reliability failures. We also looked at cases where
there are no reliability failures, like the cellphone market. We’ve combined all of these
ideas into our facility plan and process selecOCTOBER 2018 I PCB007 MAGAZINE 19

tion, and we’re well underway to getting everything qualified.
This is our pitch—complex HDI, one to two
days, full traceability, green factory. It has a lot
of pluses.

Matties: We hear all the concern that robots

Matties: Tell us about finding the right skillsets

Stepinski: Young people grew up on comput-

for the team that you need here.

Stepinski: The challenge in New Hampshire is

that the population to choose from is small.
Instead, we’ll try to make as many positions
as possible into work-at-home jobs so that we
can attract people from across the country. We
designed the process for the future. It won’t be
about running around and touching the panels; instead, it’s about collecting and analyzing
the data, then deciding what to do.

Matties: As it should be in any facility.
Stepinski: True. We’re enabling that here and

minimizing the amount of physical interaction
that needs to occur beyond the automation we
already have. In the future, you’re not going to
have people on the floor touching panels.

are taking jobs away, and what you’re saying
is that the jobs are here if people want them,
but they don’t want these kinds of jobs, so you
have to bring in automation.

ers, and they don’t want to give them up. We
will participate in that job market and reduce
the people on site down to equipment maintenance and hands-on engineering. Honestly, you don’t need that much hands-on engineering nowadays. I found you can be much
more productive on complex technical tasks
at home than you can while sitting at a machine. When do you need to be next to the machine? When there is something wrong with
it, and you have to stare at it for a while—
that’s when you need to be at the machine. If
you have all of the best equipment, though,
you don’t have to do that very often—you pay
somebody to do that for you. Then, spend
your time automating and thinking through
how this connects to that, or how is this going to work? How do I predict what tests I am
going to run when I receive a new design?

Figure 7: The GreenSource facility, located on the manufacturing campus of Whelen Engineering near Charlestown,
New Hampshire.
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These are all things where you don’t need to
be on site.

Matties: Do the customers care so much about

being green or are they primarily driven by the
technology?

Stepinski: They care about the whole thing.

Some are much more interested in the technology, while others are interested in the automation or in being green.

Matties: But in the end, it is probably about the
technology.

Stepinski: We have a couple of original equip-

ment manufacturers (OEMs) who are very interested in the green side.

Matties: Let’s talk about the test equipment in
your process.

Stepinski: We chose CIMS as our key supplier for testing. We have two scanners with two
types of confocal microscopy built into them.
We can check the top and bottom of the transmit and the height of the copper. All the checks
are recorded. If a customer asks, “How are we
going to look for a line width control on this
design?” our engineers release a core from

their desk onto the line, and an hour and 15
minutes later, the test core has been measured
wherever measurement was specified, and it
just kicks out the side. “Here’s your mini tab
and histogram. Is this okay?”

Matties: Your approach to automated optical
inspection (AOI) is different as well?

Stepinski: Our AOI inspection needs to be thor-

ough for the types of boards we build. We
found that when fabs check line width, it’s not
with AOI machines. They typically have some
small system at the end of the DS line where
they use white light microscopy. On 3-mm
lines, 10% impedance is usually going to hold
about 5% on line-width control. If you do that,
it gauges more than 100% of the area; it’s not
capable of resolving it accurately. The gauge
R&R of this test is horrid.

Matties: Do you include your drills in the inspection/test loop as well?

Stepinski: We do. Our concept is most people
have a coupon for signal integrity that checks
a few nets for impedance. We’re going a step
further. Our drills are from Schmoll, which are
3D back-drilling boxes attached to half of our
drills. Wherever we check the nets or imped-

Figure 8: This bank of Schmoll Modul series drilling machines are outfitted with 3D back-drillings boxes.
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end part that it will be a total failure.
You’re not going to have a marginal condition. That’s good. You don’t
want to have processes that are spitting out marginal product.

Matties: It appears the investment
you’re making on this phase compared to the first phase is substantially more.

Stepinski: Yes, I can’t tell you the ex-

Figure 9: A panel moves through the automated wet-etch line at
GreenSource.
ance, we also check at the core level—the trace
level—before we put mask over them or anything with confocal technology. Then we replace the model numbers in the database with
the measured numbers. We answer the question, “How far off are we?” Then, the drills detect the location of every single copper inner
layer in the build within a couple microns.
The drills give us the dielectric thickness as
measured at all of these points. We replace all
of those numbers in the database, too, and we
can tell you the distribution of impedance at
this point in the manufacture. When we get
the actual impedance readings, you can take
those readings, leverage this or that information, and provide a whole profile of the panel.
People usually spend a lot of money to have
this done by an expert in a lab, and it takes
them months to get it all tuned in; ours is fully automatic. We can give you a whole profile.
We use it for customers and our own process
development.

Matties: With all of the control and on-the-

fly adjustments that you do, yield expectation
must be incredibly high.

Stepinski: It is. We expect to have total yield or

total failure and not much in between.

Matties: You’re not leaving much room for error.
Stepinski: Usually when we have a problem, it’s
because we have such a burden on the front24 PCB007 MAGAZINE I OCTOBER 2018

act number, but it’s larger.

Matties: Where do you expect the
ROI on that investment to fall?

Stepinski: The same.
Matties: Really? Because you had a quick ROI

on the first phase.

Stepinski: We originally said five to seven years,
but it took less time. We’re targeting the same
this time; it’s the same concept.
Matties: Congratulations, Alex. It looks like
you’re living a dream here.

Stepinski: It’s a very smart company. The Whel-

en family thinks 10 years ahead on everything
and so does this factory.

Matties: I talked to Mr. Whelen at the EIPC
Conference. I asked about their future and how
they grow the business and this was a big part
of it—being a job shop. They’ve been captive,
building their own products for many years.
He had nothing but high regard and confidence in you.

Stepinski: That’s good. It’s a big line. You don’t

see lines this size in North America anymore.

Matties: Thank you for your time. This was a
great overview.

Stepinski: You’re welcome.

PCB007
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Innovative PCB Processes are Lean and Green
Feature by Happy Holden
I-CONNECT007

Not much has changed in printed circuit
multilayer manufacturing in the last 50 years
except that the equipment is more mechanized and streamlined, the processes much
more stable, and high-volume PCB manufacturing has moved to China.
But now, an OEM has finally found a way
to build PCBs in the United States for less
than buying them from Asia. Whelen Engineering Company of Connecticut is a worldwide supplier of aviation and automotive
emergency lighting. Whelen was buying all
of its circuit boards from China, while every
other part of their manufacturing is done inhouse. The supply pipeline duration and intellectual property (IP) concerns continually
upset their schedules. Further, costs were increasing in China. Whelen managers decided to take another look at the old PCB manufacturing process and apply what they knew
about Six Sigma and Lean manufacturing.
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Thus, Whelen Engineering Company concluded that printed circuit manufacturing processes based in the U.S. could be significantly improved, and offer higher quality, lower
costs, and rapid delivery on finished PCBs.

Lean and Green

The new PCB factory, GreenSource Fabrication, in Charlestown, New Hampshire, is an excellent example of Lean principles. In the process of automating the PCB flow and eliminating waste, they produced a facility with zero
effluents, thus, also becoming an excellent example of a green fabrication facility. “Lean and
green” went hand-in-hand.
The over-riding strategy of Lean and green
(zero discharge) has not changed, but the technology, focus on customers, and equipment
have. The growth in inner layer production to
support multilayers up to 36 layers—whereas
multilayer made up 1% of the original captive
facility—is significant. One should also note
the commitment to substrate-like PCBs (SLPs)
and high-density interconnect (HDI) features

with advanced automated equipment, including processes, software, and equipment for:
• No-touch automation and material
handling
• HDI with sequential lamination
• Laser drilling with the latest generation
UV/CO2 laser
• SLP geometries with light-emitting diode
(LED) digital micro-mirror device (DMD)
direct exposure
• Precise etching control with continuous
regeneration and copper recovery
• Material handling for panels from
0.025 mm to 6 mm or more
• Innovative software for automated optical
inspection (AOI) and cameras to improve
registration for imaging, lamination, and
drilling
• Plating capability to fill blind vias and
through-holes
The GreenSource facility does not require
waste permits because there are no water emis-

sions. All water is recycled, as are many of the
chemicals, which reduces costs. The completely automated process requires only seven technicians to monitor the machinery and a total
of 17 for the entire multilayer facility. The bulk
of the chemical PCB processing is conducted in
one long U-shaped automated line.

Automation and Material Handling

Automating the Lean manufacturing and
computer-aided design (CAD) and computeraided manufacturing (CAM) systems have cut
the processing time for multilayers down to
just two days compared to the typical three or
four weeks. This also offers the flexibility to do
prototype runs mixed alongside high-volume
production runs even when the product mix
may include multilayer, two-sided, and metalbacked thermal boards. Different final finishes
do not affect throughput or turnaround time.
The CAD/CAM automation utilizes direct
imaging in several innovative processes, such
as inkjet printing of pattern-plating resist and
etch resist, as well as inkjet printing of solder

Figure 1: Custom-built Schmoll Maschinen Laser Master is outfitted with dual robotic arms that automatically
flip panels over.
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mask and legends. For fine-line and high-density circuits, digital direct exposure is used,
thus eliminating all artwork, inspection, handling, and storage.
The main high-volume PCB processes are
automated on one conveyorized system from
the CNC drill through the final solder mask
and fabrication.
For high-frequency and controlled-impedance multilayer jobs, ultra-precision direct imaging and continuous conveyorized copper
pulse-plating with 56 insoluble anodes yield a
maximum of only 3% copper thickness variations across a panel. The metal-backed boards
also have the capability of cavities.

Lower Costs by Eliminating Waste

Simplifying the multilayer PCB manufacturing process (Tables 1–6) eliminated 74 steps,
including the need for pre-clean and microetch. Additional waste was reduced by implementing 17 actions (Table 7).

Delivery as Soon as Needed

Automation eliminates queues, waits, and
delays, resulting in a just-in-time (JIT) flow
process with a total of 38 steps. As seen in Tables 1–4, there are numerous queues (waits,
then move) in the standard multilayer fabrication processes with a total of 112 steps. By eliminating 66% of the process steps, the GreenSource method for outer layers takes only 105
minutes from drill to final fabrication instead
of weeks. Standardizing processes from image
to etch combines the automation of these steps
into one continuous process for both inner and
outer layers.
The material handling equipment was all
supplied by AWP Group, a European PCB
specialist in equipment and material handling. They supplied nearly 100 special panel code readers and radio-frequency identification (RFID) readers to instruct the automated
equipment about panel ID to download a specific recipe. These new processes have innova-

Table 1: The GreenSource singleand double-layer process removes
23 manufacturing steps.

Table 4: Standard multilayer
process flow.

Table 2: GreenSource
multilayer process flow.

Table 3: Standard process
single- and double-sided
process flow.
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Table 5: The GreenSource outer layer manufacturing flow contains
an optimized 39 process steps.

tion rinse systems for minimizing water and
solution dragout.
What makes the material handling so special is its capability from 0.025-mm inner layers (rigid or flex) to finished panels of 6 mm
or more. This includes an automated storage
and retrieval system (AS/RS), or a refrigerated
warehouse, that can pull a complete set of materials for multilayer layup and place them in a
sealed tray with its own RFID to control lamination.

lamination to control the surface build-up from
HDI sequential laminations.

Precise Etching Control

Innovative Software

Another significant change is the switch from
the alkaline copper ammonium sulfate etchant
to acid cupric chloride. This is due to the cupric chloride having a controller that greatly
improves the etch rate control and a new regeneration and copper recovery unit that reconditions the etchant and electrowins the copper as
a solid plate from Sigma Engineering in Sweden. For more precise control of finished traces,
GreenSource only etches from the bottom with
a panel-flipper between the two etch modules.
The etchers are significantly improved to allow foil thicknesses from ½-oz. to 2-oz. copper
without sacrificing throughput. This control is
important for the copper thinning etching after
30 PCB007 MAGAZINE I OCTOBER 2018

Table 6: The standard outer layer process
comprises 60 steps; 11 steps more than the optimized
GreenSource process flow.

What is not observable, but could be the
most important innovation, is the dedication
to continuous measurement of every panel.
Since each piece of material is barcoded and
every panel goes through AOI, the AOI from
CIMS has the capability to make precision
measurements and store these in a unique database supplied by XACT PCB of the UK. The
software takes data from cameras, AOI, coordinate measuring machines (Impex ProX3), and
X-ray to improve registration for imaging, lamination, and drilling. The X-ray drill data can be
transformed into scaling, offset, and rotation
data that can be used to convert the NC program to fit the measured panels.
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Table 7: Seventeen specific cost reduction actions (Lean) and their impact.

Plating Capability

In addition to the original Uniplate horizontal
copper plating, GreenSource has added two horizontal Uniplate platers for copper via fill, the
modified semi-additive process (mSAP) for blind
vias and the THF2 for thicker panels. A new vertical copper plater from Ludy is in construction
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that features X, Y, and Z cathode agitation, all
with unique insoluble anode eductors that use a
liquid electrolyte from Atotech. Like the Uniplate
horizontal plating systems, direct current (DC)
power can be pulsed as well as side-to-side current controls. This unit is for blind vias (aspect
ratio [AR]>3:1) and through-holes (AR>30:1).

Figure 2: In registration control, we see how these steps are applied to the manufacturing process.

Table 8: Methods of chemical recovery to regenerate chemicals, minimize waste treatment,
and the ROI for such systems.

Six Sigma Quality Goals and
Continuous Improvements

This high degree of automation eliminated
handling and other opportunities for defects
as well as oxide growth and contaminations.
The resulting process has an astoundingly high
yield with very low labor. Lean waste in the
form of water treatment is shown in Table 8
along with the return on investments (ROI).

Summary

Whelen Engineering’s GreenSource Fabrication facility shows how Lean principles can go
together with green principles. Seventeen new
innovations in PCB manufacturing provide this
advantage. The results are lower costs (⅓ to ½
the cost compared to what Whelen was paying for boards from China), decreased lead
times (from 4 weeks to 2 days), prototype flexibility on high-volume product lines, and improved quality with no final inspection need-

ed. ROI for the entire project was only three
years while only utilizing 50% of the capacity
of the systems, allowing sizable growth opportunities and future cost reductions. PCB007

Further Reading

1. Lean Definitions, www.lean.org/search/
2. Matties, B., & Bernas, B. Whelen Engineering Reduces Cycle Time by Building a New Automated PCB Factory, The PCB Magazine, October 2015.
3. Stepinski, A. The 21st Century PCB Factory—Designed to Eliminate Offshore Cost Advantages, The PCB Magazine, June 2016.
Happy Holden has worked in printed circuit technology since 1970 with
Hewlett-Packard, NanYa/Westwood,
Merix, Foxconn and Gentex. He is currently a contributing technical editor
with I-Connect007. To read past columns or to contact Holden, click here.
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Rogers Achieves IATF 16949:2016
Certification E

Rogers Corporation announced that its Advanced Connectivity Solutions (ACS) business
has achieved IATF 16949: 2016 certification,
the highest international quality standard for
the automotive industry. The certification covers the company’s Chandler, Arizona, Rogers,
Connecticut, Suzhou China and Belgium manufacturing and R&D facilities.

Atotech on Challenges and Opportunities
in PCB Manufacturing E

Abel Ruivo, Atotech Deputy Business Director of Electronics for Greater China, and Daniel Schmidt, head of Global Marketing for Electronics at Atotech Group, spoke with I-Connect007 about the various challenges of PCB
manufacturing in China, as well as about the
opportunities in the sector.

Trouble in Your Tank:
A Tale of Zinc Tails E

It is a given that the zinc tail can have a
negative impact on PTH thermal reliability. Therefore, it is best to understand how to
minimize its formation, or at least provide a
means to mitigate the negative effects of the
zinc tail.

Ventec Keeps ‘Shaking Things Up’
with tec-speed 20.0 E

At the EIPC summer conference, I-Connect007
Publisher Barry Matties caught up with Ventec Europe & Americas COO Mark Goodwin,
who provided an update on Ventec’s new products, the current state of the company, and how
Ventec is shaking things up in the materials
marketplace.
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PCBs Are Moisture-Sensitive Devices E

Research by SMT & Hybrid GmbH (now SMT
Elektronik) was conducted just prior to the
original publication of IPC-1601, which now
provides detailed guidelines for the packaging
and storage of PCBs, both from the PCB manufacturer and at the assembler’s manufacturing floor.

Atotech Launches Next Revolution in
Electroless Copper for Advanced FPCB E

Atotech introduces a new horizontal electroless copper process specifically developed to
ensure a blister-free electroless copper deposition and shiny surface appearance after electrolytic copper plating.

Frontline Releases InPlan 5.5 E

According to Frontline, InPlan combines sophisticated engineering know-how with stateof-the-art pre-production planning tools to design the optimal manufacturing process for
PCB jobs in a rapidly changing manufacturing
environment.

Isola Names Troy Ruhrer Chief
Financial Officer E

Isola Group has promoted Troy Ruhrer, formerly vice president of finance to the role of chief
financial officer and member of the executive
leadership team.

Insulectro Hires Michael King as
DuPont Product Manager E

Insulectro, the largest distributor of materials
for use in printed circuits boards (PCB) and
printed electronics manufacturing, has hired
Michael King as product manager its DuPont
product offerings.
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Atotech Brings World-Class
AHDI to the U.S.
Feature interview by the I-Connect007
Editorial Team
During I-Connect007’s initial walk-through
of the GreenSource facility with Alex Stepinski, GreenSource VP, Stepinski started the conversation on surface preparation and plating
by saying, “We have Atotech horizontal production technology in place here. We’ve been
running Atotech turnkey solutions for a while.
All of the equipment and chemistry are from
Germany. They come here and configure everything for us. Our three biggest suppliers are
Atotech, Schmoll, and AWP. With Atotech, we
have direct support from Germany on a regular basis here. We’re doing real technology development with Atotech.”
The Atotech equipment is central to the operation of GreenSource Fabrication. Over the
course of the week, we took a deeper dive into
Atotech’s installations there. We had several
conversations with four Atotech representa-

tives on site to oversee the installation: Moody
Dreiza, business director for electronics in
North America; Daniel Schmidt, global director for marketing electronics and corporate
technology training; Kuldip Johal, global original equipment manufacturer (OEM) director
for new technology/pathfinding; and John Foley, systems engineer for the GreenSource facility. Our conversations explored the specifics
for each Atotech line in the GreenSource facility. We discussed production equipment, chemistry, capabilities, and unique innovations specifically developed to realize Stepinski’s vision
of highest production flexibility.

Barry Matties: Could you give us an overview of

the Atotech equipment installed here at GreenSource?

Daniel Schmidt: Today, GreenSource has eight
Atotech production lines installed, including three copper platers, two electroless cop-

Figure 1: Alex Stepinski, GreenSource VP (right) with the Atotech team.
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ments and run the equipment at
low chemistry, water, and energy consumptions. At the same
time, we can assure minimum
waste (e.g., wastewater or dragout chemistry), which—in the
case of GreenSource—was exactly what Alex wanted.

Matties: What was new in the

equipment that has never been
done before?

Schmidt: GreenSource had a spe-

cial request to install a new rinsing system to allow the high
Figure 2: Atotech’s horizontal production lines installed at GreenSource
flow of a rinsing solution, which
Fabrication (left: electroless copper line; right: oxide replacement line).
would then be used several
times. Instead of fresh water for
per lines, two surface treatment lines, and a the rinsing system, we operate with recycled
direct metallization line. GreenSource also water. For this prerequisite, we installed new
uses a variety of different Atotech wet chemdevices to the system to avoid particles due to
istry processes, such as our high-throw elecalgae generation in the rinses. Algae generation
troless copper (Printoganth T1), blind microis an issue when using re-circulating water.
via filling process (Inpulse 2HF), electrolyte
One has to understand that when panels leave
for through-hole, BMV and conformal plating
a chemical process tank, there will be chemical
(Inpulse 2THF), electrolyte for conformal or dragout on the panel. There are at least three
flash plating (Inpulse 2HT), as well as laser di- reasons why this needs to be removed: to stop
rect drilling pretreatment (BondFilm LDD SR),
the chemical reaction, prepare the panel for
higher copper loading bonding enhancement the next process step (panel must be clean),
(BondFilm HC), and our ENIG process (Auro- and avoid contamination of the proceeding
tech DC).
process step.
The roller configuration used in our lines
Matties: How do you comply with Green- and the mechanical design in the outlet area
Source’s need for system-to-software integra- of each module allows us to reduce the solution?
tion level above the panel to a minimum with
the result that less chemistry will be dragged
Schmidt: Our solution comes with a fully in- out. We use anti-dragout and dam rollers to
tegrated communication interface that transminimize dragout. However, chemistry will allates Atotech hardware and process data and ways remain in the drilled holes, on the sursecurely exchanges this data via multiple plat- face along the outer edges, and as a very thin
forms, such as SEMI equipment communiliquid film on the surface of the panel. In
cations standard (SECS), generic equipment general, process chemistries are highly sensimodel (GEM), or open platform communica- tive to contaminations. Hence, dilution factors
tions (OPC) to the host manufacturing execu- must be very high to achieve long bath life and
tion system (MES) software in real time. This
process reliability as required by the indusenables factory integration of multiple tool- try today. In the case of an electroless copper
sets for optimized productivity and yield im- process for advanced high-density interconprovements. We meet the customer require- nect (HDI) products, the dilution factor must
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be 1:10,000. In the case of horizontal systems,
triple or quadruple rinses equipped with advanced fluid devices must be used to achieve a
proper solution exchange in drilled holes and
on the panel surfaces.
The concept at GreenSource with conductivity controlled high-flow concentrate rinses,
combined with pH and conductivity controlled
triple rinses, helps achieve these targets. By using a simple rinsing concept, this can only be
achieved by using plenty of water. For plating,
we installed our Uniplate advanced IP2 platers,
which are considered leading-edge in Asian
markets. Today, we look at hundreds of installations worldwide. The installations at GreenSource are the first advanced IP2 platers in the
Americas.

Matties: What else is new?
Moody Dreiza: GreenSource is the first custom-

er to use different chemistries for one plater,
meaning that we fill the plater, use it for production, pump the solution back to the holding tank, and then come back with a new solution to make the same line suitable for another
product and process. That is a unique setting
in the market today, and it was a great achievement for us to engineer and provide a system
set offering this high degree of process flexibility to one of our customers.

Matties: John, you are the account manager.

Could you explain all the Atotech equipment
installed by the exact production sequence
here at GreenSource?

John Foley: We have several different systems,

from inner layer, all the way through what we
consider to be outer layer. We have multiple
versions of our BondFilm products, featuring
our alternative oxide process. One line is the
high copper load, which is the first in the U.S.
of this type, and the other is a BondFilm LDD
SR, which is a flash reducer after laser drilling. For desmear, which is the third system we
have there, we run our Securiganth P chemistry.

Happy Holden: Do you execute an alternative
oxide before lamination for the inner layer?

Foley: Yes, we do. We count several BondFilm
products for that process step. Our product
series is world renowned for low edge depth
<1µm, high copper holding capacity, and excellent signal integrity due to lower surface
roughing.

Holden: What is the next process step in the
line?

Foley: We have two different electroless cop-

per lines at GreenSource. One
line is designed for thicker panels (the standalone electroless
line), and the other line is designed for thinner panels (the
LBCu6 line). Each uses a different conveyor system, but the
chemistry is the same in both—
all horizontal.

Schmidt: For example, our UTS-

Figure 3: The Atotech electroless copper line (Uniplate LB) and copper
plater (Uniplate IP2) on site at GreenSource Fabrication.

xs concept is designed to process panels of 40 microns in
thickness including 2 x 2 microns of copper clad, which I
would consider to be very thin
and flexible material. Our fluid
management is also key. It enOCTOBER 2018 I PCB007 MAGAZINE 39

ables reliable transport
in our systems and is
supported by many control devices. We control
the solution level in the
process area of the modules, and the pressure of
the solution flow from
the pumps through the
fluid devices to the panels. With this, we can assure the latest requirements for transport capabilities.

Foley: Additionally, we

implemented fine filtra- Figure 4: Atotech's world-renowned Uniplate IP2 advanced copper plater.
tion systems for all lines.
This was required because GreenSource also
Dreiza: They also needed throwing power in the
wanted to process fine-line structures on these finer, smaller vias. The electroless copper, called
lines. To allow this, we have a fine filtration
Printoganth T1, has that name because it has a
concept for all modules—not only active mod- throwing power of 1. This means the thickness
ules—and on rinses and plating modules.
of electroless copper that you get on the surface
Our horizontal acid copper system comes of the panel versus the bottom of the wedge of
next in the process sequence. We have severthe blind microvia is almost the same.
al mixes of acid copper there, depending on
needs (e.g., conformal plating, microvia fill, Holden: When the barcoder reads the barcode
or through-hole fill). This adds up to three or
for jobs as they move through, what paramefour different acid coppers. Finally, we have ters are adjusted for differences in the processthe electroless nickel immersion gold (ENIG)
es, conveyor speed, pressures, etc.?
line, which is currently a surface finishing line
but will be electroless nickel electroless pallaFoley: The recipe might change temperature,
dium immersion gold (ENEPIG).
pressures, or dosing frequencies. Panel size is
a factor in recipe tuning, too. Depending on
Holden: Why did GreenSource switch from di- copper thickness requirements and panel specrect metallization to electroless copper?
ifications, the conveyor speed in the plater—
as well as current densities and pulse forms—
Kuldip Johal: The direct metallization produc- might change too. Our alternative oxide line
tion line was designed for simpler doublewas originally brought to market as an inner
sided products. However, for HDI products
layer bonding system, but Alex is using it twowith wide product specifications as required
fold; he’s using it for solder-mask adhesion and
by GreenSource, strong interconnect reliabilidry-film adhesion. He’s roughening up the surty and BMV coverage are needed—hence the
face with the BondFilm, which provides better
palladium-based electroless copper process is
adhesion with the solder mask and dry film.
preferred instead of the conductive polymerbased direct plating process. In the case of Holden: Are they also using it for lamination
GreenSource, they planned for the highest flexadhesion promotion?
ibility with both capabilities in one manufacturing location.
Foley: That’s correct.
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Johal: Yes, recipe changes from a technology

point of view can add value during processing
for the adhesion promoter because the dielectric materials vary. GreenSource can link a specific barcode job to a particular process recipe.
In this case, the conveyor speed may be adjusted to provide different etch depths for the selected dielectric and enhance the performance
of the adhesion promoter.

Holden: Normally, that sort of adjustment has

to be done by humans or by the batch. That’s
a key thing here—it’s all done automatically.
The digital recipe changes the actual physics
that occur in the line.

Foley: As Kuldip said, it’s driven by the etch

rate/depth, and several things could change
your etch rate: speed, temperature, or chemistry. At the front of the line is a loader followed
by an acid cleaner followed by a rinse, an alkaline cleaner followed by a rinse, and then activation for the actual BondFilm. BondFilm is a
modified peroxide-sulfuric etch with organics.
Finally, the process concludes with a rinse followed by rinsing and drying.

Holden: And for inner layer?
Foley: For inner layer, the etch is unique. A

Foley: Some have different holding tanks. De-

pending on what GreenSource is running that
day or week, they will pump over whatever
acid copper is needed, transfer it back to the
holding tanks, and bring the next one over as
necessary. They use the same electrolytic tool
but different holding tanks.

Dreiza: I’d like to point out the condensers on

our desmear line. Any exhaust from the equipment becomes condensed back into the unit,
which benefits a considerable reduction in
chemistry usage and improves the overall environmental impact of any operations.

Holden: Speaking of which, I notice the venting
is pretty minimal coming off these machines.

Dreiza: The condensers significantly reduce

the amount of chemistry needed for the line.
That’s just one example of many features on
the line that reduce chemistry consumption.

Matties: There’s a lot of thought and planning
in these lines.

Johal: Alex has added nuances into the system
by planning for tremendous flexibility in each
process. He wants to be able to process thick
panels and thin HDI panels as well, and that

typical problem in a horizontal etch system is puddling
on the top of the layer, resulting in a more aggressive etch
on one side. It’s hard to control top to bottom consistently. To solve this, GreenSource
has two etchers. The bottom
is etched in the first half, and
then it goes through the AWP
flipper, which flips the panel and etches what was on the
top in the second half of the
line. No top etching means no
puddling. It’s pretty nice.

Patty Goldman: Do all the dif-

ferent acid coppers use the
same tank?
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Figure 5: Supply pipes from above for recycled water. Control devices and
sensors.

and reduction chemistry
has automatic controllers built into the line doing continuous analysis.
The acid copper platers
have this as well. Atotech
will supply some unique
acid coppers to use for
the Ludy system, which
is vertical equipment, although I’m not 100% sure
how that system is set up.
Another difference in
all the Atotech lines is
that water on/off is done
by conductivity control rather than creating
a steady flow of a couple liters a minute. This
provides water conservation—another one of AlFigure 6: Back-side view of the Uniplate IP2 advanced copper plater showing
ex’s green features. If you
frequency-controlled circulation pumps.
look, you’ll see a motor
turning in that plastic casis not your typical mixture in most PCB maning. That’s our patented edge split-filter system
ufacturing sites. What Alex has done is marry
(ESF). It’s a self-cleaning metal-mesh filtration
the two to gain the maximum flexibility. That’s system. When the permanganate is pumped
how I would summarize GreenSource’s advan- to the holding tank, it’s constantly running
tage.
through a filtration system while in the unit.
You can’t do that with standard filters. We’re
Holden: One of the things that Alex pioneered extending the life of the bath and reducing paron the first generation was removing the need ticles that could affect line and space.
for cleaners or acid dips because there was no
Next is the BondFilm LDD SR. The chemistime for oxidation and no handling.
try is peroxide-sulfuric with a different organic.
The “SR” part stands for splash reducer, referFoley: Alex uses the cleaner on his standard ring to laser drill splash. When you laser drill,
production when it’s coming directly from the
you get splash around the area of the hole. The
drill. Before ENIG, they’ll remove the solder LDD SR reduces that splash and cleans the capmask organic contamination with the Bondture pad for microvia production. In the LDD
Film LDD SR equipment.
SR, the panels go through the alkaline cleaner
rinse to the BondFilm stage, and then a rinse
Holden: Which of the processes have automatic before it goes into the next line—desmear or
technical control analysis and dosing?
offload.
Once it’s through desmear, it’s ready for elecFoley: All of our horizontal systems have auto- troless copper or a conductive polymer. The
matic dosing; it’s standard on our horizontal next line is what we call the standalone lowline except the ENIG line, which is chemicalbuild (LB) electroless copper, which would be
ly controlled by the laboratory through daily
very little copper and you would strike plate
analysis for additions. The electroless copper
afterward. More accurately, we’re putting on a
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Foley: No, it has formaldehyde.
Holden: Do you do anything spe-

cial to stabilize it, keep it from
generating nodules, or extend its
life?

Foley: It has stabilizers in it just

like any other electroless copper
bath, and if you look behind the
bath, every fluid head in the bath
has filtration on it. Typically, at
the end of the production week,
the operator will press one button to go into service mode. Service mode performs electroless
cleaning. For example, this line
was their production line last
week. Now they are running the
Figure 7: GreenSource operators control the Atotech lines from service
other line, but you can see it’s
kiosks like this one.
time for a cleanout; there’s a little bit of copper plate in the filmedium build, after which you can either patter pipe. The operator will call up service mode
tern plate, put dry film on it, or go to a copperand start the electroless copper clean process.
strike or full-panel plating.
That will automatically pump it from here to
the holding tank, bring the etch from the other
Johal: This line also has the latest generation holding tank in, run a cycle for probably three
of electroless copper specially designed for
or four hours at temperature, etch out all the
blind microvias—a direction more customers
copper, and then it will fill it with water, rinse
are pushing us. With current HDI PCB blind it, dump it, and it should be ready to bring
microvias, fabricators are paying attention to your electroless back and start again.
how much electroless copper is on
the surface versus how much is in
the bottom of the capture pad of
the BMV; this is becoming more
critical for blind microvia reliability. Customers are asking to have
>80% throw in the blind microvia
at a minimum, and that’s an absolute thickness measurement—not
by weight gain, but by focused ion
beam (FIB) cross-sections.

Foley: True values. The name of
the electroless copper bath is Printoganth T1.

Holden: Is that T1 bath formaldehyde-free?
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Figure 8: Atotech tank transfer plumbing automates chemistry
change-over and maintenance.
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Goldman: You must lose some of that electroless copper.

Foley: You would be surprised how little is lost.

However, any time you pump it over and back,
you’re going to lose some.

Holden: What does GreenSource do with the
water after dumping it out?

Foley: Generally, the water goes to waste treat-

ment and gets recycled and used again. However, this water might not because it has chemistry in it. The first one right out of each bath
is a dead rinse. When that gets drained, it goes
to chemical waste—not freshwater waste. The
other cascade rinses go back to water and get
reused. This one would go to chemical waste.

Dreiza: To help reduce water waste, we reduce
dragout. With the horizontal system, we can
reduce dragout by 50%, then the quadruple
rinse that John described. You’re talking about
a very low consumption system overall.

Goldman: It’s double the savings. You save on

replenishment chemistry, and you also save
on waste treatment of dragged out and rinsed
chemistry.

Foley: On the electroless line and the platers,

Atotech moves the solution continually backand-forth from the bath through the automatic
analyzer. The analyzer also controls. That is a
nice feature to have—especially in Alex’s case
where he’s using minimum manpower.

Dreiza: This is unique in the industry. Instead of

trying to dose the stabilizer based on throughput, you can grab a sample and analyze it. In
typical lines, operators spike the stabilizer, and
as it decays, they calculate based on throughput when to spike again. With the stabilizer
analysis, you can keep a much more controlled
stabilizer level, which means that your deposition of electroless copper is more controlled
across the process.
Another feature I should point out is that
on all these lines is the pumps have frequency

Figure 9: Back-side view of modules with fine particle filtration units.
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drives that allow the system to vary the pressure.
For microvias, we want to
run at high pressure and
high frequency. After all,
you have to get it down to
the bottom of that via.

Holden: We’re seeing that

there are elements of the
recipe and nuances for optimization that haven’t
been done in the past.

Foley: If you think about it,
the U.S. method is all vertical. It’s all “dippy dunk.”
The advantage of the horizontal system with fre- Figure 10: Frequency-controlled high-efficiency motors for pumps at all
quency drives on the mo- process modules and rinses.
tors is that you get that soa cathode. When the panel comes in, it gets a
lution down to the bottom of the via. In a vertical line, you’re dependent on the stroke of the small electrical charge, which kicks off plating
as soon as panels enter the bath—even at the
agitation.
first roller. Otherwise, plating starts much later
Holden: Let’s talk about the chemical dosing (several feet further down the line). It helps with
portion of the system.
the thickness if you kick it off right at the beginning; that’s another unique thing to Atotech.
Foley: The back wall has chemical dosing for
On the other line, you’ll notice that the rollseveral different lines. Some of them have fair- ers are much larger in diameter than the rollers
ly large pumps. You could have one pump for on this line, which are slim rollers. This goes
dosing and a second for makeup. If we use the into our pre-dip and palladium activation.
same pump for dosing and makeup, some of
the makeups would take several hours. Thus, Goldman: What’s the target deposit?
we install a slightly bigger pump for makeups.
Foley: Anywhere from 0.76 to 1.2 microns, deGoldman: What is the throughput on this line pending on what is running. Compared to all
and does it vary?
the other electroless baths I’ve worked with
over the years, this is a much more stable bath.
Foley: Usually, the low-build electroless copper We’ve been in production now for close to six
line is designed to run at one meter per min- months with the same electroless bath. I’ve yet
ute. This can be combined with the plater for to see a bath plate out at GreenSource, which
strike plating at the same speed. However, if
is a typical problem in the industry.
When the line shuts down at the end of the
full-panel plating is required, then the speed of
the plater is reduced and the electroless copper day, several spray bars will spray off the conveyor for 30 seconds. The conveyor will run
panels are fed into the plater.
At the beginning of the Printoganth TP1 bath, for another 10 minutes cleaning up and rewe have a unique roller patented by Atotech. turning everything back to the bath. It might
There is a stainless steel roller, an anode, and dilute the bath a bit, but it keeps the workOCTOBER 2018 I PCB007 MAGAZINE 47

Figure 11: The Atotech team (from L to R: Kuldip Johal, John Foley, Daniel Schmidt, and Moody Dreiza) continues to work
with GreenSource on further advances and improvements.
ing area clean. You don’t get that buildup of
copper.
Another unique thing I should point out—
and we only did this because it was Alex’s request—is the UV light. In every rinse, the UV
light conditions the water and controls algae,
bugs, etc.

Foley: GreenSource hasn’t run any mSAP PCB

Holden: Is GreenSource still using panel plate

these lines in other parts of the world doing
mSAPs daily.

on the Whelen designs versus the new jobs
that will be pattern plated?

Foley: Everything that goes through our Atotech

line is panel plated. We are developing a horizontal pattern plater called Uniplate IP3—
these are all Uniplate IP2s. We’re not there yet,
but we’re getting close to offering this as horizontal process technology too. It’s much more
difficult with pattern in the plater itself.

Holden: Are any of these modified semi-additive processes (mSAP)?
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designs yet, but these lines are capable to run
mSAP.

Holden: Will that be different chemistry or is it
a whole new line?

Foley: It would be different chemistry. We have

Matties: It’s exciting to see such a factory being

built. Congratulations for being such a large
part of that.

Schmidt: Indeed. Now people from around the

world are starting to take notice of what is possible with some of the more advanced systems,
which is really the combination of equipment
and chemistry. We are pleased to be part of
this and will continue to support GreenSource
in their future plans. PCB007
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Schmoll and Burkle Automation Technologies:
Lasers and Drills for GreenSource
Feature interview by Patty Goldman

ination Presses we also represent the Schmoll
drills and other equipment.

While at GreenSource Fabrication, Burkle
Automation Technology’s Dave Howard introduced me to the Schmoll equipment as well
as other items that Burkle installed at the facility. One unit of great interest was the Impex
inspection machine which can do sophisticated non-destructive cross-sections using a very
fine fiber probe. We then enjoyed a discussion
while touring the line, which is excerpted here.
Also present at times and adding to our technical discussion were one Burkle engineer, Evan
Howard, and two Schmoll application engineers, Jens Baensch and James Verheul.

Goldman: We are standing in front of the 16 sin-

I-CONNECT007

gle-spindle drills lined up in two rows facing
each other (Figure 1).

Howard: Yes, these single-spindle drills have

lots of bells and whistles on them including
linear motors in all axes, high-speed spindles,
precision depth control, and automatic loaders.

Patty Goldman: Dave, tell me a little bit about

your background.

Dave Howard: I’m originally from England.
Many years ago, I was brought over to the U.S.
by the company that I worked for at the time,
and I’ve been here ever since. I am now with
Burkle America and in addition to Burkle Lam50 PCB007 MAGAZINE I OCTOBER 2018

Figure 1: The double line of Schmoll single-spindle drills at
GreenSource Fabrication. Click to watch the video.

Originally, there was a set of eight that came
here about three years ago with the first phase.

Goldman: Have they been replaced, or have
they been upgraded?

Howard: GreenSource ordered the second set of

eight, so there are 16 now. The original set of
eight had individual loading systems that were
on the back of each machine of the original
line. With this phase, the automation will be
taken off the older machines and then they will
ultimately be fed by automated, guided vehicles (AGVs).

Goldman: Are those Schmoll AGVs?
Howard: Yes, they’re being supplied by Schmoll;
they are not yet in-house.

Goldman: Is there any difference between the

machines have a large capacity tool-change
system. It’s a little difficult to see, but there’s
a chain that runs all the way around the machine and it holds 2,200 tools. With an automated system it’s very important that you have
a lot of tools so that you’re not constantly trying to attend the machine just to put additional tools in.

Goldman: Okay, tell me about that very sophisticated panel I am looking at.

Howard: That’s the operator control system

which offers individual control for each of the
16 units. On the screen here are all functions
for this machine including speed (hits per
minute), tool management, what options are
turned on or off, as well as job information.
These units have most of the options and features that Schmoll offers (Figure 2).

old and new machines other than the automation?

Goldman: What’s next, then? The laser?

Howard: Not really. There have been some mi-

meaning that it’s lasering the material at picoseconds rather than the more traditional nanosecond style laser. One of the characteristics of
a pico laser is that it can handle all the different materials.

nor modifications that would have happened
because of evolvement, but primarily they’re
identical systems. Although they are primarily
drilling machines, somewhere amongst these
16 are a couple of routing machines.

Goldman: Are they used only for routing?

Howard: Yes. This is a two-station pico laser,

Goldman: That’s an order of magnitude faster,
right?

Howard: I believe so. They all have

vision systems associated with
them, so they can do vision alignment. These are very sophisticated
single-station machines and, from
what I hear from GreenSource,
they’ve worked very well.

Goldman: How will the new loading
units work?

Howard: Loading will still happen

from the back, but it’s a different
style of loader that will blend better now with the intention of being fully automated. All of these
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Figure 2: Dave Howard of Burkle North America and I-Connect007’s
Patty Goldman check out the control system of a Schmoll Modul drill.

Howard: Yes. An order of

magnitude. The pico laser
also has twin robots, so it’s
automatically loading the panel on each table. Traditionally, a laser drill has a single station. This is the first machine
of its kind for Schmoll and—
I believe—for anybody. This
has a very powerful laser but
then has the beam split, which
means two optic paths directed
to two different tables.

Goldman: If there are two ta-

Figure 3: Optiflex post-etch punch.

bles, do they necessarily have
to run the same job?

Howard: You would have to be processing the
same job on both tables, yes.

Goldman: That certainly is a powerful laser be-

cause you’re getting double the throughput on
this machine than you would normally get.

Howard: The second laser that is coming is, in

Baensch: Yes, you have two different optical

paths inside the machine. One path is serving the UV laser source directed to the copper surface, and the second optical path is cutting through the resin and the glass and stops
at the copper.

Goldman: What is this unit?

fact, a nanosecond laser—the Schmoll CombiDrill—and it has two types of lasers, both a UV
and a CO2 laser source. It, too, has a split beam
approach, to feed two tables. In the case of the
Combi-laser you use both lasers simultaneously most of the time. The UV beam is opening
the copper and the CO2 follows behind and removes the substrate.

Howard: This is the Optiflex, a post-etch punch.

Jens Baensch: There is a laser source which is

Goldman: What goes through here, individual

inside the cabinet with an optical path of mirrors and lenses that bend and focus the output
into two beams, 50% to each table. The difference between this and the other Combi-laser
yet to be delivered is that we’re having two laser sources. One laser source is UV and is used
to open the copper surface; the second laser
source is a CO2 laser, used to cut through resin and the glass and stop at the copper surface.
The CO2 laser cannot cut copper.

Goldman: So that must all happen fairly quickly
and automatically?

This particular unit is an eight-camera system, meaning you’re looking at the registration front to back and confirming the accuracy front to back, and then as the name would
suggest, you’re optimizing the position of the
tooling holes based on the cameras that are
looking at the visual targets (Figure 3).
cores? And I presume the Optiflex is reading
the panel barcodes that GreenSource puts on
every core?

Howard: Correct. Everything in the entire fac-

tory is individually identified and tracked
through the process.

Goldman: I imagine this doesn’t give much
trouble as far as failures.

Howard: No, these have been extremely reliable.

OCTOBER 2018 I PCB007 MAGAZINE 53

James Verheul: So what we’ll do is we’ll put

in a test strip, which is basically an automatic test cycle which just tests every function
on the machine. So it’s like a dry run, so to
speak.

Goldman: Certainly, I know they do everything

Howard: I believe that’s true of everything in
the shop. Everything through every process is
tracked and all relevant data is collected.

Goldman: Then once it becomes a multilayer it
must get a new barcode.

individually, but surely you must try to put
one job in all together. How does that work?

Howard: Correct.

Verheul: I’m not sure with respect to the whole

from the loader, then the system automatically
aligns it, the barcode reader will read the code,
and if it needs to make any changes, it will
make the changes to the format; then it will go
through a punch and carry it out. If, for whatever reason, the fiducials cannot be found, or
the barcode cannot be read, or there’s a problem with the machine and it doesn’t know
what to do with the board, it doesn’t punch
it but just passes it through. With the automation, the cores and machines go through a
continuous cycle. If there’s one panel that is
dirty or broken or whatever, it will still run it
through.

line, but on the Optiflex everything is done with
barcodes. Every program will have its own set
of requirements; the machine will automatically load a recipe specific to that barcode. So, the
thickness of the panel, the formats, everything
will be in the recipe, and as it goes through
the barcode reader, it will read the barcode,
change the format and then punch it.

Goldman: So every individual core has its own
barcode.

Verheul: Yes.

Verheul: Yes, it comes in on the left-hand side

Video: The Schmoll Maschinen Linear-Z XRI Series X-ray system provides extremely accurate reference hole drilling for
multilayer panels. Click to watch the video.
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Howard: From the post-etch punch.
E. Howard: The inner layers will come into the

post etch, they’ll get punched, then they’ll
come through here to be checked to make sure
everything is where it’s supposed to be. It then
continues on to lay-up.

Goldman: Is that what this next room is going
to be, lay-up?

E. Howard: Yes. These carts will load up with
Figure 4: Burkle Process Technologies’ lamination press.

inner layers to be transported to the lay-up room.

Goldman: Eventually transport will go straight
Goldman: Thank you. Now let’s move on to the

through the wall, right?

X-ray system. This is a Linear Z technology
XRI machine?

E. Howard: Yes, we already have the pass-

Evan Howard: Yes. The X-ray system will mea-

Howard: This lay-up equipment here is com-

sure panels as they come out of the post etch.
It scans the panel, checking the accuracy of the
post etch. GreenSource will be checking to see
if the drill tools are getting dull or if anything is
out of alignment. X-ray is the checks-and-balances system before lamination.
The next unit will be checking inner layers
and aligning. It will look at the inside of the
panel, then drill pinning holes based off where
the inside of the panel is, accounting for the
little bit of drift from the lamination process.
It uses X-ray to look inside the panel, align everything and then drill two holes that will align
the panel on the drilling machines when they
go into drilling and routing.

through hole, it’s just sealed off right now.

ing from Burkle. Some of it came with the first
phase: a hot press; a cold press; the loading
system; and then the interconnecting conveyor
together with lay-up and breakdown after the
book is pressed.
For the second phase a second hot press was
added. The sequence of operation is like this.
The loader goes back and forth in front of the
machines and will take the load from the hot
press, index down, put it in the cold press and
then it will receive the next load from the lay-

Howard: In other words, it’s correcting errors
that have been introduced during earlier steps.

Goldman: Which hopefully are small.
Howard: Yes. Like everything else here, it’s fully

automated so it picks panels off a stack, brings
them in, does the X-ray analysis and then takes
them out.

Goldman: And thee panels came here from from
which manufacturing step?
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Figure 5: Burkle’s pinless lamination fixtures at
GreenSource Fabrication.

up room. It will then come
in on these conveyors and
will be placed in the second hot press while the other one is going through the
pressing cycle. While this
is going on, the load in the
cold press is removed by the
carriage and sent to breakdown. Now the cold press
is open and available for
the next load coming from
the hot press. So you pretty much have a continuous operation. I don’t know
specifically with GreenSource, but on average, a
circuit board shop has a hot
press cycle time of about
90 minutes. The cold press
would be quicker than that.
You can obviously emp- Figure 6: The Impex Measuring Solutions proX3 quality inspection and test tool
ty the cold press before the at GreenSource Fabrication.
next load from the hot press
those. And then there are the proX3’s other
is ready, so this is a continuous operation.
measuring techniques, like the point-to-point
GreenSource uses a style of pinless laminacamera system, and also 3D capabilities with
tion. There’s a breakdown station here and
then inside the room will be the associated lay- which it can literally map the topography of
the panel.
up stations. These press systems are all thermal oil heated as opposed to electric element
heating. Thermal oil just tends to give you bet- Goldman: That’s impressive in this one machine. Can it look into the holes?
ter uniformity of heating to the platens.

Goldman: Is this the control for one press or
both presses?

Howard: The whole system. So that covers

Howard: There are now techniques where you

can plunge into a hole with a very small diameter fiber and it can record the position of every inner layer within the hole.

most of it: the X-ray, laser drill and the 16 single spindles.

Goldman: That’s really something.

Goldman: Tell about this piece of equipment.

Howard: Yes, it is! This is a very sophisticated

Howard: This is the proX3 from Impex Measur-

ing Solutions, and it’s a quality control tool.
The proX3 has various measuring techniques
from scanning the complete panel quickly, to
reporting on the position of every single hole
in the panel. It will also report on missing or
blocked holes and provide the locations for

machine and I’ve been very impressed by it.

Goldman: This has been so informational.
Thank you, Dave.

Howard: My pleasure. PCB007
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Automation Attracts
The New Guard to PCB Fabrication
Feature by the I-Connect007 Editorial Team
It only took a few seconds inside the GreenSource Fabrication plant for the I-Connect007
staff to realize just how different the facility is.
The look and feel of the place, however, is just
one difference; staffing the facility is unique as
well.
Of the Charlestown, New Hampshire facility’s technology and people, GreenSource Fabrication VP Alex Stepinski said, “You don’t see
other fabricators replacing plating areas. It just
never gets done because it’s too hard. And
then you have a lack of young people in the
industry—everyone is five seconds from retirement, it seems. From what we see, if you go
into any board shop, I think the average age is
probably 55–60.”

Ask him why that is, and he answers right
away.
“They can’t get young people to stay there
because the places are all scary. If you’re a millennial and you walk into some place where
there’s copper plating dripping everywhere…”
Stepinski shakes his head. “Nobody wants to
work there.”

GreenSource Makes a Choice to
Bridge the Gap

GreenSource—like most of the industry—is
struggling with an age/expertise gap. In fact,
it’s more like a gaping chasm. Experienced
PCB fabrication techs and engineers are typically over 50, with a much smaller percentage under age 30. In between, there’s a huge
chunk of the age demographic simply missing
from the work force.
“For every five that retire,
they get replaced with one,”
says Stepinski. Which raises one of the key questions
for PCB facility ownership:
what good is investing in new
equipment if there won’t be
anyone who can run it?
After a thoughtful pause,
Stepinski threw down the
gauntlet.
“We see this across the
whole market. We’re trying
to stay ahead of it by making
a nice working environment
and getting a lot of young people here. We have a good demographic. We have experiFigure 1: GreenSource Fabrication finds ways to build a younger, more
enced people who have a lot
sustainable work force at their New Hampshire manufacturing plant.
of industry knowledge. Then
Working virtual is a key part of their staffing strategy, too.
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we have a lot of younger people, and we have
a bunch of people in the middle,” Stepinski explained. “It’s a nice bell curve, as it should be.
That’s going to be our advantage long term. I
think 5–10 years from now, you’re going to see
a lot more shops disappearing simply because
there is nobody to run them.”

Management Plans

The GreenSource master plan, therefore,
does not simply stop with equipment. Expertise is required as well—sustainable expertise. After talking to a number of staff members, the master plan emerged based on five
key pillars:
• Invest in cutting edge equipment
and processes
• Make this facility cleaner and
more capable than any other in
the industry
• Staff with high-caliber industry experts
and motivate them to teach down
• Select and train local area technical grads
• Avoid industry tradition (what was),
and concentrate on current knowledge
(what is)

Recruiting Processes

Beautiful and rural as New Hampshire is, Stepinski sees the location as a potential disadvantage. “The local population to choose from
is small. What we’ll try to do is make as many
positions as possible virtual, so we can get talented people from across the country. We designed the process so that it’s not about touching the panels; it’s about analyzing the data
and making a plan.”
Asked how he attracts talent to work at the
GreenSource facility, he replies, “We recruit locally. The plan is to hire four more young engineers fresh out of school this year. In on-site
support, the experienced folks are always near
retirement and don’t want to move. The burden is on us to take in a group of new grads
every year.”
To accomplish this goal, Whelen Engineering—and GreenSource Fabrication—work
closely with technical programs close to home,
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Figure 2: Jacques Jalbert talks with the I-Connect007
team, and shares details on the AWP equipment he
maintains at GreenSource Automation. Jalbert is a
recent graduate of the University of New Hampshire.
specifically the University of New Hampshire.
Process engineers Cassie MacKinnon and
Jacques Jalbert both found GreenSource by
talking to Whelen reps at a UNH job fair. Jalbert and MacKinnon have degrees in mechanical engineering, and both found the GreenSource facility compelling.
“I came out for a plant tour and I kept thinking, ‘Wow, this is really cool!’” shared MacKinnon. “There were so many machines and we
toured a bunch of different buildings here on
the Whelen campus. The GreenSource facility
was the last building we came to. The job was
for CNC drilling…and I thought it was just the
neatest thing…and that’s the job I ended up
getting. I was really happy with that.”
Jalbert added, “They were looking for people my senior year, mostly for the drills. I got

connected that way. They were looking for younger staff to have on hand,
mostly to specialize in areas like automation, drills, lamination…things
like that.”
Now Jalbert works on automation equipment, “My job is anything
AWP-related. That was kind of the
route I was aiming for—control systems and robotics. It was a perfect
fit.”
MacKinnon added, “John Olson
[former Whelen CEO] graduated from
UNH. The Whelen and Olson families put a lot of money into UNH programs. Whelen always comes to UNH
career fairs.”

Training

Figure 3: Cassie MacKinnon, GreenSource Fabrication process
engineer, runs certifications on the proX3 tester as a part of bringing
all systems on-line.

But turning new grads into industry experts
requires on-site experience and training—lots
of training.
Asked what it’s like to work with the industry veterans, Jalbert answers, “I think it’s
a great opportunity. I like working with people like Mark Chassé, Alex Stepinski, John
Burke—people who have a lot of experience
in this industry. They know what they’re doing, and I can always go to them if I need help
with anything.”
“I’ve been in the metallization, plating, and
electronics industry for 30 years this summer,”
said Chassé. “It’s been an exciting ride. The
regional rep from Atotech worked with me
on my first job 30 years ago. He knew that
Alex was looking for some talent. It’s a really
good fit.”
Cross-training is a priority as well. Asked
if he works exclusively on machinery, Jalbert
said, “I do some of the software, too, at least
with the automation equipment. I go back and
forth. With software, I have an idea what needs
to happen, so when I need software fixed, I
can go to these companies and say, ‘This is
what I need done. I’ve looked at the code; this
is what’s missing. Please fix it.’”
Ask Chassé his thoughts on passing his knowledge to the next generation and he replies.
“The day I stop learning will be a bad day.

These young guys are brilliant. They’ve been
given tools—I’m not quite sure how to explain it—and they approach problems differently just because of when they went through
school,” said Chassé. “They’re taught differently, taught to go through computers. I didn’t
touch a computer until I was 30 years old,”
he laughed. “Their mindset and approach to
automation is really something. These younger guys are different than me. It’s just because
of their training and their youth. It’s profoundly good. So, I learn from them, and hopefully,
I can teach them something.”
Crystal LaClair, a quality manager and seven-year employee at Whelen, is in a different
place on the learning curve. In her role, she’s
in charge of creating, documenting, and validating many of the brand-new processes, using brand-new equipment, to get everyone production-ready.
When asked what it’s like to work with the
older industry veterans, she said, “I pick these
guys’ brains all the time and they challenge me
even more. They come at the younger group
and they ask, ‘What do you guys think?’ because we have a different perspective on
things. We ease into technology faster than the
previous generation. And the next generation
is going to do the same, so I think it’s very cohesive for us to work together. Then, at the
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same time, we’re building the next generation in a fast-paced environment. I have to keep my
of PCBs. We know what we want to be; we all
mind open to learn new stuff from them.”
have high goals here.”
On her start in the industry, MacKinnon said, Including the Family
MacKinnon and Jalbert have been in a rela“It was a huge learning experience, and it still
tionship since college. Now they both work at
is because when I got out of college I didn’t
GreenSource. Mark and Chris Chassé are the
know the PCB fab business at all. I’m still
multi-generational father-son duo in the plant.
learning all the technical process terms, for example. I worked with Henry Brzeski, who is LaClair is a newlywed—her spouse is also employed by Whelen Engineering.
our equipment engineering and facilities man“There’s an excitement for me to work with
ager, and started doing maintenance with him.
my son because he’s a mechanically adept
Henry taught me a so much, and he still teaches me how to troubleshoot the
machines, do maintenance, replace parts.”
MacKinnon spent about six
weeks training on the drill machinery in Rodermark, Germany, at the Schmoll facility.
At this point, 14 months into
her tenure at GreenSource,
MacKinnon is establishing her
growing expertise in both mechanical and laser drilling machinery. During our time on
site, we observed MacKinnon
working extensively on a CO2
laser drill machine, with a serial number of one.
Concerning his start at
GreenSource, and in the industry, Jalbert said, “I’ve traveled
to Poland, Germany, and Japan training on all this equipment…I’ve been hands-on
since the equipment was delivered.”
Chassé explained one of the
more intangible parts of working with younger engineers.
“Sometimes they don’t know
the urgency. As one of the veterans I have to lead by example
and express the urgency and
that, when I need them, I need
to trust that they’re going to respond. And they have. It’s all
part of learning. That’s what Figure 4: GreenSource Fabrication’s focus on sustainability includes the
they’re learning: how to work facility, the equipment, the people, and the product.
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person. He’s a mechanical engineer. He just
thinks differently,” Mark Chassé added.
“And we just talk about this stuff on the way
home. It’s exciting for me to be able to talk to
somebody at home who understands what I’m
doing.”

GreenSource’s Competitive Advantage

According to Stepinski, “This factory is designed for 10 years out. And 10 years out, we’ll
still be the only green factory in the U.S. We’re
years ahead of everybody in developing this
technology.”
The implication is clear: If it takes the rest of
the industry 10 years to retool and catch up, by
that time, the staff at GreenSource will have 10
years of practical experience. The GreenSource
staff will be masters of the process while everyone else is still learning how to use their
new equipment.
And this thinking is trickling down.

MacKinnon wrapped up our conversation,
saying, “We just keep evolving. We have tons
of opportunities to keep evolving our equipment and our processes. We want to be the
leading PCB manufacturer. That’s where I see
us going.”
Jalbert’s closing comments echoed Alex’s
sentiments. As a new hire, Jalbert noted, “It’s
great to have you all on-site and recognizing
what we do here, especially on the environmental side. You go to these other companies
and their recycling isn’t quite there yet. I’m excited to see the industry really grow into an environmentally friendly atmosphere.”
It’s not just the leap forward in equipment
and design that makes GreenSource competitive, environmentally friendly, and—most of
all—sustainable. It’s the awareness at GreenSource, with their five-point plan for staff development, to develop their own young experts as well. PCB007

Industrial Automation Vendors Consolidate Their Product
Portfolios to Generate New Revenue Streams
By offering third-party-enabled Industrial Internet of
Things (IIoT)-based products and solutions, industrial automation vendors have evolved to provide proprietary digital platforms via the product-as-a-service (PaaS) business
model. The trend of digitalization in end-user industries
prompted automation vendors to invest in IIoT technologies
across diverse applications, and they are now looking to
integrate these technologies to complement conventional
automation systems and give end users better control over
the systems’ functionality.
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“The advent of Industry 4.0 is disrupting the partnership ecosystem in industrial automation, with start-ups
and independent software vendors (ISVs) partnering with
automation vendors to develop digital capabilities and solutions,” said Rohit Karthikeyan, Senior Research Analyst,
Industrial Automation & Process Control at Frost & Sullivan.
“Automation vendors will aim to standardize their portfolios through M&As and partnerships, and drive growth in
their respective business segments. The consolidation of
their IIoT portfolios will result in the upselling and crossselling of automation solutions and create fresh revenue
streams.”
Frost & Sullivan’s recent analysis, Global Industrial Automation Market Outlook, 2018, highlights the IIoT platform
offerings of major automation companies and compares
their products and services. It underlines the role of startups with niche capabilities in operational and information
technologies in 2017. The analysis also details the market
landscape of the key participants in process automation,
hybrid automation, and discrete automation markets.
(Source: Frost & Sullivan)
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‘Optical Rocket’ Created with Intense
Laser Light E

In a recent experiment at the University of Nebraska–Lincoln, plasma electrons in the paths
of intense laser light pulses were almost instantly accelerated close to the speed of light.

Automated Guided Vehicles Market Size
at $7.3 Billion by 2025 E

The global automated guided vehicles (AGV)
market size is expected to reach $7.3 billion by
2025, according to a new report by Grand View
Research, Inc., registering a 16.5% CAGR over
the forecast period.

44.46% during the forecast period from 2018
to 2026.

Medical Electronics—Medicine in
a Digital World E

The health industry is going through a period of
dramatic change. We are seeing more and more
digital solutions throughout the patient journey—
at every stage from prevention and diagnosis to
treatment. Medicine 4.0 can only work on the basis of collaborative efforts at the point where the
medical and engineering disciplines overlap.

Semiconductor IP Market to Reach
Over $9B by 2026 E

Flexible PCB Market to Reach
$27.6 Billion by 2023 E

The global semiconductor intellectual property
market is expected to reach $9.4 billion by 2026,
according to a new market research report published by Transparency Market Research titled
Semiconductor Intellectual Property Market—
Global Industry Analysis, Size, Share, Growth,
Trends, and Forecast, 2018–2026.

3D Print Colloidal Crystals E

Global Semiconductor Sales Increase
17.4% Year-to-Year in July E

Flexible printed circuit board market is expected to increase from $13.5 billion in 2016, to
$27.6 billion in 2023, at a CAGR of 10.7% from
2017 to 2023.

MIT engineers have united the principles of
self-assembly and 3D printing using a new
technique, which they highlight today in the
journal Advanced Materials.

Wearables to See Slower Growth in 2018
Before Ramping Up Again Through 2022 E
The worldwide wearables market is forecast to
ship 122.6 million units in 2018, up 6.2% from
the 115.4 million units shipped in 2017, according to IDC.

3D Printed Electronics Market to
Touch $3.915B by 2026 E

The global 3D printed electronics market is
expected to reach $3.915 billion by 2026. The
market is projected to expand at a CAGR of
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The SIA, representing U.S. leadership in semiconductor manufacturing, design, and research, today announced worldwide sales of
semiconductors reached $39.5 billion for the
month of July 2018, an increase of 17.4% compared to the July 2017 total of $33.6 billion.

Shrinking Semiconductor Lasers to
the Nanoscale E

A tiny laser comprising an array of nanoscale
semiconductor cylinders has been made by an
all-A*STAR team1. This is the first time that
lasing has been achieved in non-metallic nanostructures, and it promises to lead to miniature
lasers usable in a wide range of optoelectronic devices.
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Feature interview by the I-Connect007
Editorial Team
In a conference call with the I-Connect007
staff and Víctor Lázaro, chief technical director
(CTO) at InduBond, we discussed InduBond’s
innovative lamination technology currently being installed at GreenSource Fabrication.
Though not yet delivered at the time of our visit, we contented ourselves with a long-distance
discussion and photos of the equipment.

Patty Goldman: Victor, can you remind our

readers about InduBond’s history? It’s been
some time since we last caught up.

Víctor Lázaro: InduBond is the brand name of

the company named Chemplate Materials, located just north of Barcelona, Spain. The company was born 30 years ago as a shop in the
local PCB market for different parts like consumables on the chemistry side. At that time,
Chemplate was also representing several equipment brands for the PCB industry. There were
other businesses in the same company for general chemical plating for other industrial fields,
such as plating on plastics and the aluminum
markets for different kinds of processes.
Back then, the company was very small and
owned by five families. The founders are now
retired, but some of their sons continue to be
involved at the company. I was hired right out
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Víctor Lázaro, Indubond
of school back in 1996. The idea was to follow
up on the business area related to the equipment side for the PCB market. In 1999 or 2000,
I first had the idea of applying induction into
the PCB manufacturing process. That’s a lot
of what today’s technology is at InduBond—
induction bonding of the inner layers together. With this new technology, the industry can
move away from the older technology and lamination process.
Induction has many advantages. We not only
developed the equipment and technology, but
we also developed the process, which was new
to the PCB industry. Today, we have around six
or seven different patents for this technology.
Once we introduced this technology, the
market took three to six years to accept it and
to see the benefits compared to the previous
well-matured technology in use today, which
is hard tooling registration and then lamination with that hard tooling. Together, it is
called pin registration and pin lamination. We
also introduced the InduBond brand in 2000 to
identify our process technology. Then, we continued the development. We did the very first,
genuine induction bonding machine. Ten years
later, around 2010, we started to go directly to
the market. Today, we have a product line that
comes from a basic unit to a sophisticated,
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fully automated unit for the induction bonding
registration machines.
Additionally, we developed another novel
product and technology for the next process
after the registration and bonding. We created a new system for pressing or laminating the
panels. It is also based on the InduBond technology, but that lamination press is called InduBond X-Press.

Nolan Johnson: How did you become connected with GreenSource?

Lázaro: Several years ago, when this new proj-

ect started at Whelen, Alex visited an InduBond account in Germany that has InduBond
inner layer lay-up equipment. That’s where
we introduced Alex to this technology.
And Alex, being a very forwardthinking person, was immediately interested in the pinless lamination.
Alex began asking me about
the lamination press technology. We were seated in a meeting
room defining how the automation and the induction bonding
machine registration would work
according to his requirements. By
chance, I mentioned that we had
another technology that had not
yet gone to market. I introduced
that technology and its benefits.
Because Alex is a fanatic for the
state-of-the-art, he asked to come
to Barcelona to see the first machine, which had been working for
eight years for a local customer. He
was very impressed with what he
saw, and he wanted us to move in
that direction.
InduBond is taking charge of the
whole lamination process at GreenSource. Their goal is to produce
complex boards and laminate using our new induction bonding press
technology. The benefits of our equipment
are that you can get even pressures and temperatures—including high temperatures—but

70 PCB007 MAGAZINE I OCTOBER 2018

the energy performance is also important.
Our technology uses just 8–10% of the energy
a standard press uses for a similar capacity,
which offers huge energy savings.

Barry Matties: When you’re talking about the

press, the energy savings is a big deal, but also
the heat-up and cool-down cycle time. Does
that provide substantial savings as well?

Lázaro: Our technology saves a lot of time in
the heating, of course, because the energy is
directly channeled into the material. It’s not
heating the big ovens that then must transfer
heat into the material. However, the limit to

Figure 1: Induction lamination press.

shorten the cycles is in the resins. To best leverage this, the ramp-ups and heating speed
must be inside the limits of resin as set by the
manufacturer in their prepreg data sheets.
The chemistry industry has been developing
composites to be manufactured in the available technologies in the industries: conventional presses with all their pros and cons. For
that reason, the resins, epoxies, and composites are designed to be cured in traditional ovens. Now that we are putting this on the market, I think it may be possible to have faster
heating uniformity to shorten the cycle times
and cost in a real, effective way.

Matties: You just keyed in on one word—uniformity. Do you expect a greater uniformity
with the induction as well?

Lázaro: Yes, we do. Like I said before, we have

a prototype and an onsite machine that has
been working in production for eight years.
Our customers still send regular samples to
make sure that the Tg and lamination capabilities are consistent. The reports are always excellent, which means that temperature uniformity is very nice. A key to this is that the sensors in the machine are monitoring the temperature right at the material, not the big heavy
platens like in the traditional presses.

Matties: Right, because you have that open-air
space.

Lázaro: Exactly. The ideal way to cool down a

laminated panel is to keep the pressure, open
the door of the press, and let the panel cool
down to ambient without forcing it. In our
case, we are emulating that ideal way to cool
down.

Matties: What sort of cool-down cycle time do
you expect?

Lázaro: We did test simulations on the com-

puter, plus tests on the machine that is almost
ready to go to GreenSource. We can go faster
than today’s resin sets specify. Normally, they
don’t want to go faster than three degrees a
minute, and we are able to go to 4.5 degrees a
minute. Depending on how many panels, we’re
talking about 30- to 45-minute cooling cycles.

Matties: What you guys are doing is creating

a need for the resin manufacturers to upgrade
their products as this technology becomes
mainstream.

Lázaro: Yes, that’s right. There are only two

temperature across the entire panel, as well as
through the thickness as it transfers. But how
do you handle cooling? Is it in the same press
or do you move it into a cooling press?

or three manufacturers of epoxy in the world.
Ideally, it can be possible to heat up faster and
cure faster. I’m sure they can develop faster
resins. For the PCB, I think it could be possible
to have a horizontal press line. You put a single panel on one side of an inline machine and
get a panel laminated on the other side ready
to continue to the next process.

Lázaro: The concept is a bit different. We are

Matties: You’re ahead of your time. That takes

Matties: It sounds like you receive the uniform

going in the direction of flexibility, which
means the machine is ready to go the whole
time. You don’t need to preheat anything. Each
press will do the heat profile and then the cool
profile without releasing pressure. It’s going to
enter the stack of the panels, start the cycle
and when the press opens it’s ready to break
down the stack at room temperature. The cooling is also a new and sophisticated system using air flow. Energy is moved from the center
towards the edges uniformly.

care of the press portion. What about loading?
My understanding is this is a completely automated system from lay-up to break down.

Lázaro: Yes, but the lay-up operation of the pan-

el to be laminated stays on the manual side because there are many variables in the process.
For instance, there are a lot of different types
and thicknesses of prepregs, different thicknesses of copper foils and a lot of variables to
handle. There’s still going to be manual labor,
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but in a lot more ergonomic way—faster and
more comfortable for the operators.
The stack is also built up in a faster way because we do pinless lamination, so the registration of the inner layers will already be done
on the InduBond bonding and registration side,
which means we’re going to have a book of
cores already registered and bonded that have
to be put together with the outer layer copper
foils and prepreg. That part of the buildup is
going to be easy and fast.
The operator will build the final stack to
be laminated on carrier plates, depending on
the production needs. For example, they can
do three or four panels or the full capacity of
a press. Again, our idea is to make modular
presses. You will be able to press five panels
in one press because you are prototyping and
need it fast, let’s say, jumping the production
line for some reason. But a side press can do
40 production panels in the same cycle. Because we are not going from one general big
press, the whole line will be very flexible. It’s
like modular single-head drilling machines;
there can be one machine doing a job, and the

Figure 2: Automatic lay-up station.
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next machine is doing a different job. That’s
the philosophy.
The loading and unloading of the stacks will
be done by similar automation as with the
standard machines. You will have a transferring automation in front of a line of different
presses and a buffer where you store all the
carriers or all the stacks waiting to be laminated. According to our general control decision
or criteria, this transfer automation system will
go to the general buffer, pick up the stack of
panels to be laminated, load it inside the available press, close the press, and start the cycle.
In the meantime, the system will load or unload another press and deliver to the breakdown table for the operator to separate panels
and plates.

Matties: It still requires an operator for separat-

ing the panels. Was that something Alex was
looking to automate or was he resigned to the
need for human intervention there?

Lázaro: This could probably be automated in
the near future, but the whole lamination line
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Figure 3: 3D model of GreenSource Fabrication’s lamination room.
is going to be altogether new stuff. His wish
is to have everything super automated, but he
also understands that some parts of the PCB
process for multilayer are very difficult to automate for the complexity of the panels he wants
to build.
Thus, the breakdown of packages could potentially be automated by robots. This is something we still have as a possibility in the second phase. But for the buildup, we are not
thinking of automation now because the prepreg is challenging to pick up in an automated way. The bottom line is if you need an operator to do something at the end, it makes no
sense to automate—just leave a little detail for
the operator.

Matties: You’re right. I would think that the

breakdown phase would be the obvious area
for automation because you’re dealing with
the panel at that point.

74 PCB007 MAGAZINE I OCTOBER 2018

Lázaro: Yes. That part is when you’re just sep-

arating materials. You put the plate into the
stack that goes to the cleaning machine, and
the panels go to a different pile that will be
moving to a flash routing area, so, it can be automated easily.
The other thing we developed and have tested is a fast, smart dispenser. It’s a new way to
automate and reduce human manipulation of
the cores or panels. At GreenSource, we will
be congregating all the cores at the end of layer inspection or tooling, prior to getting inside
the lamination room.
This dispenser is a tower elevator. In the elevator, you have a removable cage with 20 automated drawers. The line where the cores will
come from will be talking to this dispenser,
which will follow some definite criteria. The
loader will load according to the criteria for the
cores in the defined drawer. It’s a smart storage machine. Then, since the whole 20-drawer

cage is removable from the dispenser machine,
a cart or trolley will transfer the whole storage
thing to another dispenser in the lay-up station. This defines a faster, cleaning and manipulation-less process.
The automated lay-up station will have another two of those dispensers. We offered to
make those trolleys with self-guided or selfdriving technology, but there’s not much room
for having automatic vehicles inside. Instead,
we decided to move those trolleys manually.
An operator will detach that cage of 20 drawers from the first dispenser and will be loading
that cage of 20 drawers into the lay-up station.
This lay-up station will have the capability of
40 total drawers, and each drawer can have a
capacity of more than 200 cores per drawer,
depending on the thickness of the cores. You
can have a lot of material inside.
Not only that, but you can also have the prepregs there. While the loader is loading, it’s
creating a database of the content of each
drawer of each cage, so there is an interconnection from the first dispenser to all the other dispensers. Everything is on the database.
It will need just one operator on the lay-up
station.
Then you have a lay-up table and on the other side of this automated lay-up station, which
will have an automated dispenser of our tooling plates. What the operator does is build up
panels in an ergonomic and automated way.
The only thing the operator does is pick up
core or prepreg and lay it down over the tooling plate. That’s it.

Matties: Everything GreenSource needs arrives
from these cages right when they need it.

Lázaro: Exactly, because these dispensers will

be delivering in the correct order the sequence
of the stackup of a given job number.
The tooling plates will be stored in racks
on this automated lay-up station. The tooling
plates are very precise, mechanically speaking,
and will have a long life because they are not
going to the press; after the bonding process,
the panel is removed from that tooling plate
because we’re talking about pinless lamina-

tion. Those tooling plates will always be in the
same good condition. They will be also numbered, so every stackup will have some process parameters. This is also new in the industry, tracking registration!
The other feature for the automated lay-up
station is that this reduces handling by operators, so no scratches or mistakes, but it also
provides control. Each time the operator is laying down a core or the prepreg, there is a system that accurately measures the differential
between the previous and the next to quantify the thickness. Because the database knows
associated stackup details and the theoretical
thickness of each material at the right time, it
will be checking to confirm an accurate stackup. If the operator makes a mistake, for example, putting more prepreg sheets than there
needs to be, the system will warn. Or if the
core is not matching what is expected in terms
of copper or substrate thickness, you will get
an alarm, and there is a protocol to remove
that or put it aside. That is not going to pass
through or around stackup.

Matties: That will certainly cut down on the

scrap and increase yield because that’s a costly
step to have a mistake after you have so much
invested in the panel.

Lázaro: Yes. Once an operator loads that rack

with 20 plates on each side of the InduBond
RFX tandem machine, everything that happens afterward is fully automated. Another
machine will pick up the plate with the materials and drop it off over at the bonding machine. The bonding machine will scan the barcode to know the bonding recipe and bonding
locations for loading the right Gerber file and
then the machine will start bonding.
The bonding machine is also a new tandem
machine—one table is inside the bonding area,
and the other table is outside. While one panel
is being bonded, the table on the outside will
be unloading the previous one and loading the
next one. The automation will be picking up
the bonded stackup, which will be dropped off
onto a flat conveyor at the exit of the machine.
That conveyor will transport the bonded panel
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into a general buffer that is going to be right in
front of the final buildup station for the press.

Matties: There’s going to be a lot of eyes watch-

ing this piece of the technology that Alex is
putting together. It certainly has a lot of benefit throughout for the industry. When do you
expect to have your press delivered and operational?

Lázaro: Yes, we want to thank Alex and Green-

Source for giving us this opportunity. I believe
we will be ready by mid-October to move the
machines.

Matties: With all this equipment and this being a data-driven factory, how are you dealing
with the integration with the communication
of your equipment into the overall data structure that Alex has in place?

Lázaro: This is a big challenge that will be happening mostly after all the equipment is installed. It’s complex and needs an IT team

working together and talking to Alex or the engineering management at GreenSource. However, we did prepare the machines in a flexible
manner, so we can interface easily and remotely to all they will need when they integrate the
general control software to track the data.
To do this, we developed a communication
protocol where our machines also create a database with information coming from the QR
readers. At some point, it will be easy to integrate this into their system when they are
ready.

Lázaro: The lamination portion is very possi-

ble, it’s just a question of sitting down together with the right people. There’s much more
of a challenge with the whole factory, though.

Matties: A lot of moving parts there.
Goldman: Thank you so much for your time.
Lázaro: It is. Thank you.

PCB007

Automated Guided Vehicles Market Size
at $7.3 Billion by 2025
The global automated guided vehicles (AGV) market
size is expected to reach $7.3 billion by 2025, according to a new report by Grand View Research, Inc., registering a 16.5% CAGR over the forecast period. AGVs are
transforming the way materials can be moved within
manufacturing and distribution facilities. In a production environment where several operations are carried
out simultaneously, these vehicles can ensure predictable and reliable transfer of raw materials as well as
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manufactured products from one point to another within the facility, thereby eliminating any potential disruption in production. These vehicles can operate safely
around structures, machinery, and employees, as they
are equipped with accessories such as camera vision
and LiDAR sensors. These can help in detecting junctions, identifying floor signs, and avoiding collisions
with obstacles.
Manufacturing plants and warehouses are increasingly deploying material handling equipment for various activities, such as locating stock, picking orders, and moving products and raw materials. Transportation and logistics firms are particularly under pressure to boost the efficiency of their operations in line with growing demand
for their services. They are hence heavily investing in
such equipment. Increasing demand for material handling
equipment is expected to boost the AGV market over the
forecast period.
(Source: Grand View Research, Inc.)

CIMS AOI Solutions:
Truly Creativity In Motion
Feature interview by Barry Matties
and Patty Goldman
I-CONNECT007

The company tagline for CIMS is “creativity in motion.” Headquartered in Suzhou, China, with offices globally, CIMS provides automated optical inspection (AOI) solutions to
enhance production and yield in PCBs, highdensity interconnect (HDI) PCBs, and flex
and rigid-flex PCBs. Patty Goldman and Barry Matties spoke with David Ravino about the
CIMS installations at GreenSource Fabrication,
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which includes AOI, metrology measurement
and analysis, laser inspection, and real-time
process data capture. They also discuss the innovations and challenges that this project presented for CIMS.

Patty Goldman: Tell us a little bit about CIMS
and what you have going on at GreenSource
Fabrication.
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David Ravino: GreenSource is a fully automat-

ed PCB shop. They were looking for a solution
for AOI that would connect to their automation so that AOI would be part of their inline
process. We’ve been doing this with our current technology for many years. I don’t know
if you are aware that CIMS is a spinoff of Camtek. We’re providing the ability to connect our
AOI system to different types of automation.
Our technology could be installed as a standalone unit, connected to a loader/unloader, or
part of an inline process. It was the perfect fit
for GreenSource. Besides conventional inspection, we also offer outer layer inspection. This
allows inspection of the finished part—final inspection—which is unique to our AOI system.

Goldman: Are you providing metrology?
Ravino: Our metrology solutions were criti-

cal for GreenSource. We deliver 2D measurements in our metrology solution, which measures lines and traces with an accuracy of plus
or minus two microns and the actual size of
the panel with an accuracy of plus or minus
eight microns. We also offer the ability to do a
3D measurement, which measures the height
of the trace and laser via depth with submicron accuracy.
The technology for 3D
measurement is Fulcrum technology. It’s
a combination of
laser and light. To
measure height, we
use a laser. To measure
depth, we use Fulcrum.
Metrology can be used
as a tool to measure for
impedance control, or it
can be thickness controlled. Thus, the metrology option with
such a mature technology distinguishes
us from our competitors.

Goldman: Are you involved in
via inspection, too?
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Ravino: Yes, another feature we offer is la-

ser via inspection. Since GreenSource plans
to produce HDI PCBs, all the AOI systems we
sold them are designed to go down to 15-micron lines and spaces. Again, one of the critical items for GreenSource was not to have the
operator involved. The operation of our AOI
equipment can be 90% automated. To do this,
the equipment reads the barcodes, identifies
the layers, automatically loads the job into our
AOI system, and completes inspection.
Another key feature GreenSource will use is
the ability to verify defects. To give you the
idea about the configuration, the machine will
be connected to the DES line. Panels will load
into the AOI, and one side of the panel will
be inspected. Next, the panel will flip and be
moved to the next AOI where the second side
is inspected. Then, the panel will move to an
offline verification station. When the panel
reaches the offline verification station, it will
be verified remotely by an operator who could
be anywhere, including off site.
This is an overview of the configuration
we’re installing at GreenSource. We’re working very closely with AWP, the company that
produces and develops the automation software for GreenSource. The ability to integrate
so closely with AWP is one of the primary reasons why GreenSource selected the AOI system
from CIMS.

Matties: Is your equipment

already there and in operation?

Ravino: Yes, the equipment is

there, but it’s not connected to the automation yet. AWP has had
some delays in supplying the automation software, and that affects the
DES line. However, all our
systems were tested as
standalone units; they
just aren’t connected to the line yet.
The plan is to go live

or to be in full production in October of this
year.
Aside from machinery, we also provide solutions to collect the data from our systems.
GreenSource is using a CDB, a CIMS database. With this, they can obtain all the information from our AOI system—inspection and
measurement results, etc.—and create various
types of reports and different analyses. The
AOI system and the database it drives can be
used as a quality control tool.
This also means that GreenSource will be
able to monitor the activity on the AOI system,
such as how much the system has been used
in a period of 24 hours. They will also be able
to monitor in real time if the machine is idle. If
the machine was in idle, why? And what was
the cause of the idle time? They can sit in their
office and monitor the productivity and quality of their product, and also the utilization of
the system.

Matties: How has your experience been interacting with Alex Stepinski at GreenSource?

Ravino: Alex is a very unique person in this in-

dustry. He does things that are entirely out of
the box and different from other PCB shops.
He’s trying to bring the whole PCB fabrication
process to the next level. Alex pushed us to
improve our AOI systems by defining exactly
what he wanted and needed regarding inspection, productivity, and to make his shop fully
automated.

Matties: What was the greatest challenge for
you in this process?

Ravino: The first challenge was metrology

where Alex wanted the ability to measure specific features, and for us to be able to supply
the results of the measurement in the manner
he wanted. He’s going to rely on our system
strongly. Again—I want to make it clear—it
will be an ongoing project with GreenSource
because once the system is connected to the
DES line and in full production, I’m sure we’ll
need to improve certain items and add more
features.

The second challenge was the need to connect each machine and be part of an inline process. Even though most PCB shops are somewhat or fully automated, you still have a loader and unloader that isn’t connected directly
to the DES line. Having the ability to connect
the machine to the DES line and synchronize
it with the AOI system was another challenge.

Matties: What a great opportunity for you to be

a part of the GreenSource project. As you said,
it’s improving the features and equipment that
you’re going to offer to your other customers
as well.

Ravino: I’m confident that it will open up more
opportunities in Asia. GreenSource is a pioneer
in how they will be producing PCBs, especially
in North America. It will be an excellent marketing tool for us. It will create more opportunities and help us grow as a company.

GreenSource is a pioneer
in how they will be producing
PCBs, especially in North
America. It will be an
excellent marketing tool
for us. It will create more
opportunities and help
us grow as a company.
Matties: Since we weren’t able to see all of the
CIMS solutions in action on the shop floor, IConnect007 will visit GreenSource in a few
months and provide full coverage of the CIMS
implementation then.

Ravino: Great. Thank you.
Matties: Thank you.

PCB007
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How GreenSource is Fine-Tuning the Processes,
Right Down to Account Management
Feature interview by Patty Goldman
I-CONNECT007

While on-site at GreenSource Fabrication,
Whelen Engineering’s zero-discharge PCB fabrication facility, I sat down with Account Manager Jim Brown. He explained the intricacies
of the many processes that this ground-breaking company has fine-tuned, including company culture, account management, and chemical processes.

Patty Goldman: Jim, what are you involved in

here?

Jim Brown: My official title is account manager.

I’m the only salesperson here. I live on the other side of the state, about an hour and 45-minute commute, so I often work remotely.

Goldman: As an account manager, your business isn’t so much here as elsewhere, servicing customers.

Brown: Correct. My manager, Don Taylor, and
Alex Stepinski and I had the discussion about
82 PCB007 MAGAZINE I OCTOBER 2018

what the sales team will look like here. At first,
we had considered following the conventional
wisdom and building out a regional organization, with territories and accounts. As we started to get feedback from customers and looked
at the operation that we have, we saw ourselves
as being digital because we’re so processdriven and our yields are going to be very consistent.
We’re either going to have 98% yield or close
to zero. So as far as customers go, where do you
spend the majority of your time with customers? It’s typically fighting fires and doing “damage control.” With our processes and equipment, there’s a high confidence that we’re going to minimize escapes. We have all the automation equipment, so handling damage is going
to be minimal. We have a lot of in-situ measurements: line width; holes; copper thicknesses. We’re doing virtual cross-sections with the
Impex proX3 machine. And with the Schmoll
drills, we can map copper layers as we drill.
The Impex will give us a visual representation of a cross-section. The Schmoll drills will
show us the cross-section electrically. As we
drill into a panel, we can identify the location

U

Need a Gerber Viewer?

Ucamco, caretaker of the Gerber format, presents its new
Reference Gerber Viewer. Use this free online tool to view
and/or check your generated/received Gerber jobs.
- Reads X2 attributes containing PCB fabrication data
- Imports Excellon and NC drill files
Go ahead and link your site to https://gerber.ucamco.com

For more information please contact info@ucamco.us,
call (415) 508-5826 or check out our website at www.ucamco.com

of the layer and just by doing the math, we
know what the dielectric is. If you know how
far apart the copper is, you know what the dielectric is. And of course, we’re using that to
map the copper layer location in the holes. So,
we’ll rip a backdrill file from the Schmoll machines because we’ve identified where every
copper layer is in every hole. When we know
what (holes) we have to backdrill, we’ll just
enter it in our backdrill file right from there
and it’s tuned to the actual board.
With all of these process controls we’ve put
in place, we’re confident we are
going to minimize escapes. With
that aspect of servicing the customer in mind, we’re evolving
what customer service looks like.
Because we’re still new, we’ve
made the decision that we’re going to delay adding sales people until we understand what
we need to do to service the customers. Maybe we simply need
more people in the front-end because once we tool the job, we’re Jim Brown
good. We’re already learning that
front- end engineering is going to be our single
largest headcount. The way our process is set
up, once you start a board, there’s no queue
time. There’s no need for queue time because
it’s part of the recipe. As that board gets to
the next step in the process, the recipe is already downloaded, and the piece of equipment
knows what to do, and it does it. And the next
panel that comes right behind it can have a different recipe. Because all those 2D codes and
radio-frequency identification (RFID) tracking
that we put on up front tell the machine what’s
there.

Goldman: So you totally depend on what happens up front to get that recipe right.

Brown: The recipe is key and again that’s where

the human factor comes in, the front-end engineering. We’re going to have to do checks
and double checks because we’re digital; if we
make an error there, that error is now part of
the recipe. But with our in-situ data collection,
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it should never get more than two or three steps
further in the process before a “flag” pops up.
It is possible but unlikely an error could get all
the way through to electrical test before finding the problem.
Ultimately, that’s our first goal, no escapes.

Goldman: Instead of a first article, you run a
first piece to test the recipe.

Brown: Yes, but it’s in every operation, that’s the

cool part. Because when we run cores, they’ll get
over to automated optical inspection (AOI). And our first piece is
checked at AOI. So if we have to
make any adjustments, we make
the adjustment right there and restart the cores. We don’t have to
wait until we do a cross-section.
If we do a first article inspection,
we’re going to look at it as more
of a validation than an inspection
process because of all the in-situ
measurements we’re doing. We’re
going to predict what the board is
going to look like and then we’re
simply going to validate it.

Goldman: And, especially early on, you’ll learn
with every board if things need to be tweaked.

Brown: Correct. All that data is corrected and

fed back. We can make “on-the-fly” adjustments for impedance, as an example, and not
wait until it gets to E-test.

Goldman: A lot of people try to inspect their
quality in, but what they should be doing is
using all those steps to fine-tune the process.

Brown: We’re not going to inspect it in; we’re
going to build it in. It’s counter to how it’s being done because everybody does that. To your
point, Patty, with first article inspection, you’re
kind of sitting there with your fingers crossed.
I hope it’s good, I hope it’s good, I hope it’s
good. We’ll be able to say, we know it’s good.
Then we just validate it because all of the data
that we collected along the way tells us the

cross-section is right, the line widths are right,
we know what the impedance will be because
we’ve modeled it. We looked at the copper already, we know the line width, we know the
line height, we know the dielectrics.

Goldman: I want to go back to the Impex proX3.

I understand there’s a fiber that goes down
into the holes?

Brown: Yes, it’s an 80-micron fiber-optic camera probe that will go down into the hole. We
can do a virtual cross-section of a hole.
Goldman: That is very interesting, because as a
virtual cross-section, you see the entire circumference of the hole wall plus the length, I presume.
Brown: And you’re seeing the hole in the board.
Not a “like” hole in a coupon that was located a
foot away on the panel from the hole that you’re
concerned about. Plus, it’s nondestructive.

Goldman: And surface inspection?
Brown: With the Schmoll X-ray drill that we

have, we can look at the surface. It is so sensitive that we can basically do a vertical section
through the X-ray.

Goldman: Between the two of them, you get a lot
of non-destructive inspection and verification.

Brown: Correct, and for us, they’re all in-process

tools. We believe customers are going to find the
data we collect to be valuable. Radio-frequency
(RF) designers, for example, are very particular
about being able to tweak lines because that’s
how RF works. They’re very concerned about
line geometries: What’s the height of the copper? How trapezoidal is the trace? We can profile
that. We can show the actual line plot to them
and, if it is of concern, then through the additive
manufacturing of SAP processes, we can make
that sidewall almost perfectly perpendicular.

Goldman: I’m sure a lot of your customers find
that kind of reliability to be unmatched, what
with the tools you have here.

Brown: We believe so. Especially on the hole
side, and particularly with microvias.

Goldman: And the interesting thing about the

coupons is there was always a question as to
how representative they are. It’s usually on the
outside edge of the panel because you can’t
put it in the middle. But here you can show
any number of holes. It ought to give a lot of
assurance to customers.

Brown: It’s a tool that we can offer to them.
To your point, do you want to pick some pattern on your board? We can do every hole
depending upon how much data the customer wants to see to assure reliability on their
end. If you want to do every hole, we can do
every hole.
Goldman: How long does each inspection take?
Brown: It’s going to depend on the thickness
and number of layers, because you have to go
slow enough that the optics can pick up what
you’re looking for.
Goldman: Is it like a video?
Brown: Yes. We have people that look at cross-

sections and they can immediately find the
problem and analyze it. The Impex is similar. It’s a better representation. It’s an amazing tool.

Goldman: That’s not all that’s unique at GreenSource.

Brown: Right. Then there’s the Ludy vertical
plating line. We’re going to bring that up over
the next couple of months. That is another
unique piece of equipment.
Goldman: I understand on the Ludy line there’s
going to be an extra tank for them to play with.

Brown: There’s going to be more than one.
Goldman: More than one? So they can get to
that 50:1 aspect ratio?
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a showcase for them as well. The relationships are very deep.

Goldman: Everybody benefits. It’s a winwin.

Brown: Absolutely. Atotech has credited
us with a number of sales that they’ve
made.
Click to watch short video clip.

Brown: Alex has added in maybe half a dozen tanks because he’s also thinking about the
next wave of surface finishes on the horizon.
You know what I mean, we’ve got EPIG, ENEPIG, palladium, what’s the next best thing for
surface finish?

Goldman: Do you offer immersion tin or are
there certain things that you don’t offer and
don’t intend to?

Brown: We have hot air solder leveling (HASL),
outside processing (OSP). The Ludy line will
have some flexibility, so if somebody comes to
us with a good business case, we’ve got room.
Many people are familiar with the name Ludy,
but once again, it’s something that Alex looked
at and said, “You know that’s a good machine
but if you could just do this...”
Goldman: Constantly asking for just a bit more
functionality?

Brown: And he’s done exactly that. We have
a couple of electrostatic cleaners that are “off
the shelf.” I tease Alex about it—you couldn’t
figure out a way to make those better?

Goldman: Right off the shelf, are you sure?
(laughs) Surely there’s nothing here at GreenSource that’s off the shelf.

Brown: We have a wonderful relationship with
all our suppliers because they’ve appreciated the concurrent development work we’ve
done with them. We’ve become something of
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Goldman: You have capability beyond mea-

sure here. I understand you started your
first commercial outside job this week.

Brown: We are engaged right now with half
a dozen “early adopter” customers. We approached them to go through the learning
curve with us—it’s a concurrent development
kind of thing. We’re trying to refine our processes and there’s nothing like real, live jobs
for that. We identified a half-dozen customers
that we thought would be good target. We approached them, hoping to get half of them to
work with us, Every single one of them said
they wanted in. We even had one of them call
a friend who called me and said, “I want in
too.” So, we’ve got seven customers that we’re
working with right now. The one we’ve been
working with the longest, we’re doing some
unique plating services for.
So we got our engineering teams together, working concurrently. They’re absolutely thrilled. Their end customers are going to
audit us at some point. Naturally, they are
thrilled with the opportunity to bring their customers in to see this facility, and we’re thrilled
because it gives us exposure to some very respectable OEMs.
Goldman: That makes it exciting, doesn’t it?
Brown: It sure does! It’s great and I love the en-

vironment. I’m incredibly excited about the opportunities in front of us. I’ve been in this industry for 30 years. I’ve worked in four different
board shops, I’ve worked at a laminate supplier
and this is the best job I’ve ever had.And sometimes we talk about what we can do, and I still
shake my head and say “We can do what?!” It’s

fun for me when customers come in here with
healthy skepticism then leave skipping out the
door. It’s just cool, and it’s contagious.

for two years or three years out, then start developing it now.

Goldman: That’s fun stuff.

once he develops a roadmap, the customers
may respond with something like, “Okay, so
now we know where we want to go.”

Brown: I’m doing what I want to do right now.
That, and I try to get these younger folks here to
understand what they’ve got in front of them.
Goldman: Right, you have such great
opportunities in front of you.

Brown: And for the younger staff,

this is normal. They don’t understand what normal really is in this
industry.

Goldman: Jim, earlier you were tell-

ing me about the groups that have been hired
here who are like family members. Tell me a
little bit more about that.

Brown: It is part of the culture and, to me, it’s

a positive thing because it provides harmony
within the company—it mirrors the family relationship. It translates to both places. Husbands and wives, fathers, sons, get to go home
at night and talk about work, and they know
what each other is talking about.
For the younger employees, this is such a
unique place. We have people who have board
experience and sometimes that’s helpful, but
sometimes it’s a hindrance. Experienced staff
have a preconceived concept of how to build
a board, how the operation works. They come
here and there’s a paradigm shift that they
must go through.

Goldman: It’s not just the look of the facilty, although that’s a huge thing, but the attitude.
Like you said, the enthusiasm.

Brown: Right, and that’s where we’re going to
rely on Alex as the visionary. Get him out of
the day-to-day stuff and start to look at the
roadmap for the next three to five years. Get
Alex working with our suppliers, anticipating
what the customers are going to be looking

Goldman: Knowing GreenSource and Alex,

Brown: Yeah, there is a bit of a catch-22 to that.
One of the customers commented, “I can’t
wait to give your capabilities to our
engineers and see what they can do
with it.” And he went on to tell us
that their engineers are limited right
now by the capabilities that exist
within the industry and shops in
North America.
He said, “You’re taking it to a
whole other level.” We’re on the
edge of semiconductor technology right now.
With the semi-additive process (SAP), the line
is blurred. PCB technology used to be down
here, and semiconductor was up here. We’re
closing the gap.
That’s why a lot of the equipment that we have
for in-process checks is semiconductor equipment. That Impex proX3? That’s semiconductorgrade equipment. If you look at the equipment
that the industry is using right now, the gauge
error of the equipment is greater than the tolerance customers are asking us to hold. So how do
you validate that you’re meeting the customer’s
requirement when the error in the measuring
equipment exceeds the criteria? It’s interesting
times.
Goldman: It would seem you and your cus-

tomers are forming the same kind of partnership that you have formed with your suppliers.
GreenSource has pulled the suppliers up, now
you’re pulling your customers up, and then the
customers will keep pulling you up. Everybody
goes forward and that’s great to see and feel.

Brown: We all acknowledge that all boats rise
with the tide. It’s exciting.
Goldman: It is definitely exciting. Thanks so
much for giving me a lift! PCB007
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AWP Group:
Small Company, Big Solutions
Feature interview by the I-Connect007
Editorial Team
As the I-Connect007 team prepared for a tour
of the GreenSource Fabrication facility, Publisher Barry Matties and Editors Patty Goldman
and Happy Holden spoke with Jochen Zeller,
VP and co-founder of AWP Group, about the
status of AWP’s specialized equipment and
flexible capabilities at GreenSource.

Patty Goldman: Jochen, please begin by tell-

ing our readers a bit about yourself and AWP
Group.

Jochen Zeller: I spent 10 years in PCB manu-

facturing and then switched to the supplier
side, so I have over 25 years of experience in
the industry. AWP Group was formed a couple of years ago by several people from various well-known equipment companies in the
PCB industry so we can proudly look at a combined know-how of over 150 years. Our engineering and sales headquarters is in Germany

for all equipment and our main production site
is located in Poland where we manufacture all
kinds of handling and wet process equipment.
For the support of the Asian market we also
have a sales and service office in Suzhou, China as well as in Hong Kong. Our main focus is
handling equipment for any process step in the
PCB production and the industry 4.0 integration of handling equipment with any process
equipment. We also supply horizontal wet processing equipment for all various processes in
the PCB industry.

Barry Matties: What is the status of things for

AWP at GreenSource?

Zeller: The status on GreenSource right now

is that we have three of the wet process lines
already installed. The DES line is filled with
chemistry and is up and running. The next
two lines—pre-clean and copper reduction—
are ready to be filled with chemistry. Next, we
have two more lines coming in—an OSP line
and the solder mask developer. Many pieces

Figure 1: GreenSource Fabrication’s automated wet etch uses AWP etching and material handling equipment.
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Figure 2: AWP’s wet etch line installed at GreenSource
Fabrication.
of the handling equipment are also installed
and up and running. There is still more handling equipment in manufacturing stage or on
the way and will be installed over the coming
weeks and months.
From the beginning of this project, we focused on having redundancy in the equipment
and used standardization as much as possible.
This now comes in handy because, as you can
imagine, it is a large project to integrate changes along the way. We have a lot of flexibility to move equipment around in the set-up. If
GreenSource is testing for another location, we
can put them somewhere else in a temporary
set-up and move them to the final location later. This provides GreenSource the flexibility to
help them shuffle equipment around if things
change along the way during the process.

standardization that we implemented early
on, along with a combined effort from everybody at AWP. Even equipment that was specially designed for certain functions, still uses
components and subgroups from the standard
machines where ever possible. This is a huge
advantage for maintenance because the spare
parts are all the same. The other advantage is
that the basic operation of the machines is similar for the operator, so they don’t have to constantly learn new things. Early on, Alex told
us, “I know I’m trying to feed an elephant to
a chicken, but we will get this done in a combined effort.” That’s how this project started
and moved on to success.

Matties: We talked with some of the AOI em-

ployees and they said they were waiting for
AWP equipment to be installed. How far along
are you in the install process?

Zeller: At the beginning of the project we estab-

lished priorities with GreenSource to have the
equipment that needs a longer qualification
stage in place first. We are working the priori-

Goldman: Once finalized, how many pieces of
AWP equipment will be at GreenSource?

Zeller: In total we will have around 100 pieces

of equipment installed at GreenSource when
this stage of the project is complete.

Goldman: That’s a lot!
Zeller: Yes, this is our biggest installation

around the world and a great showroom to
show our capabilities. For a company AWP’s
size, this wasn’t an easy task. The major keys
to success were the high level of equipment
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Figure 3: A line of AWP equipment installed at
GreenSource Fabrication.

Matties: What are the challenges with regard
to software?

Zeller: The equipment software is pretty

Figure 4: AWP equipment awaiting installation at
GreenSource Fabrication. Note the panel cassette in
the foreground.
ties as defined and will have equipment arriving at GreenSource on a regular basis.

Happy Holden: Are you supplying the automat-

ed guided vehicles (AGVs)?

straightforward because that is what we always do. What is more challenging is the industry 4.0 integration software, which is still
ongoing. We are working closely with the software engineers at GreenSource to find the best
approach for the integration. We have experience with other projects, but every customer is
different and has their unique set-up and special requests. Everyone has their own things to
add to these set-ups. The basic framework of
how the integration should look is clear, but
there are ongoing detail discussions as to what
is the most suitable set-up. I’m sure challenges will surface down the road and adjustments
will be necessary, but this is our know-how
and we have the expert team to tackle these
challenges.

Zeller: At the moment, there is one AGV to start

between our handling units, after the X-ray
and the laser drill as well as between the automated stacker and the mechanical drill machines from company Schmoll. This AGV will
be supplied by Schmoll but will be fully integrated with our handling units.

Holden: Is the material warehouse in now or
will it come in later?

Zeller: The fully automated material warehouse

will come in later. That is something we have
targeted for the end of the year and will be one
of the last pieces to come in.

Matties: What has been the most challenging
aspect for you during this whole process?

Zeller: The most challenging aspect has been

keeping track of all the changes. It’s a big project with a long time-frame, which makes it challenging to maintain the flexibility to move things
around and adapt to changes. As I mentioned
before, the standardized equipment helped us
a lot; otherwise, it would have been more difficult to move things around as easily as we did.

Figure 5: An operator monitoring AWP’s automated
etching line installed at GreenSource Fabrication.
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cess and as soon as we read the DMC code on
the panel we will automatically set up the handling units for these products.

Holden: How does the new equipment pro-

cess differ from the first phase in terms of water conservation for rinsing, ventilation, and
the temperature of the process to create more
evaporation?

Zeller: We worked very closely with Alex on

Figure 6: Close-up of an AWP material handler in action
at GreenSource Fabrication.

Matties: It sounds like a tricky process overall.
Zeller: Yes, it will be due to unique set-up of

water conservation. All the rinses are set up
with what we call “one plus four” or “one plus
three.” The first stage is a drag-out stage, which
is separated from the other cascades. Thus, we
concentrate the first stage, and then the following stages are standard cascading set-up. With
this set-up the water usage is greatly reduced
and in line with Alex’s expectations.

each customer. It will be an ongoing process
with close communication and meetings to get
the final version.

Matties: Will the transport system be running
very thin materials also?

Zeller: Yes, all the machines are laid out for

1-mil cores. On the handling units we don’t
use any mechanical centering anymore. All the
centering and aligning process of the panels
is done with optical components to avoid any
damage to the thin or sensitive products. In addition to the thin core set-up we also have all
handling units fitted to handle heavy outer layer panels with a weight of over 3.0 kg per panel. The switch between thin core and heavy
panel set-up is done automatically.

Matties: That’s sounds unique. Are there many

companies trying for that mix in the same factory?

Zeller: No, this is not very typical, but we have
this set-up for the whole project, so we can
switch between thin cores and heavy panels.
It’s all done automatically and based on DMC
code and data. We don’t need an operator to
do it. We know what kind of panels are in pro-
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Figure 7: Plumbing, controls, and tanks provide AWP’s
chemistry and environmental controls.

5G: Higher Frequencies!

Do you have the right circuit materials?
Frequencies at 28 GHz and higher will soon be used in Fifth Generation (5G) wireless
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All our wet process equipment has a
different set-up of squeegee rollers. On
all process modules we use four sets of
squeegee rollers at the entrance and exit.
The same applies to the water rinses,
where we use four sets of squeegee rollers at the module entrance and exit and
between each cascade step. A lot of our
competitors only use two sets of squeegee
rollers between cascades which results in
more drag-out. With our set-up we have
less drag-out between the cascades and
can ensure the rinsing process is more efficient. We also included several conduc- Figure 8: AWP’s innovative panel flipper enables back-to-back
tivity sensors in the rinsing stages where bottom etching for both sides of the panel.
we control the water quality and addition
based on conductivity.
the fly without emptying the etcher. AnothAnother great advantage we have with regard
to ventilation and evaporation is our unique er interesting aspect of the DES is the setup
“Module in Module” design that we use in all with two etcher sections connected by a panel
process modules. We enclose the entire spray flipper to give full flexibility to etch either single-sided or double-sided. The idea for this is
area to contain all spray fumes in that confined
housing inside the main process module. The not new, but the combination with no speed
change makes this machine quite unique and
exhaust system is connected to the outer modadvanced. There is a fully automated wareule and therefore reduces the loss by evaporahouse in front of the pre-clean that holds 500
tion dramatically.
trays with different materials that will be loadHolden: Did you supply any point treatment for ed directly into the preclean based on MES
data.
the water rinse as part of the equipment, so
Then there are the handling units that can
you didn’t have to pump it out?
handle ultra-thin cores and heavy panels in
Zeller: No, all of that is done by GreenSource. one unit. There are the flexible buffers without any belts for particle control and reduced
We supplied a unique pump-out system, with
no additional tanks, to save space, and all the maintenance that tie in the entire line set-up.
connection points are aligned with the points There are the handling units that enable the
defined by Alex’s design. In addition, we fitted fully automated Schmoll drill stacker/de-stacker unit. These are just some of the highlights,
all alkaline rinses with fully integrated UV light
there are a lot more details in the entire project
to avoid any contamination.
that make this project so advanced and excitMatties: Before we finish, is there any particu- ing. It is a great opportunity to be part of this
future-oriented project.
lar piece of equipment you would like to highlight?
Matties: Thanks for taking part in our coverZeller: The project as a whole is pretty excit- age of GreenSource. It’s been great to catch up
ing and very advanced. However, a highlight with you.
on the wet process side is that the DES line
Zeller: Thank you.
doesn’t need any change in speed on the etcher to process different copper thicknesses and
therefore the etch program can be changed on Goldman: Thank you so much, Jochen. PCB007
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30 minute webinar — FREE for IPC Members only
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IPC High Reliability Forum

IPC Counterfeit Electronics Symposium: Methods
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For more information, visit www.IPC.org/events

Feature by Nolan Johnson
I-CONNECT007

Sometimes it seems as if the PCB manufacturing industry is slow to evolve and resistant
to change overall. But if you have a great idea,
word spreads fast through this tightly-knit
community.
Bob Lazzara, president of Circuit Connect in
Nashua, New Hampshire, has encouragement
for GreenSource. “When Whelen went zerodischarge for their new facility, everyone applauded,” says Lazzara. “Kudos to Whelen.
Their strong presence has had the side effect
of bringing suppliers back to the region.” Lazarra sees this as an indirect positive result.
More supplier presence means more options
for Circuit Connect to innovate, evolve, and refine their processes too. The local PCB fabrication industry has been “decimated,” according to Lazzara. The migration started 35 years
ago, and companies are still shutting down facilities. By Lazzara’s count, four board shops
have closed in the last four years.
Circuit Connect has operated under this
name since 1990. When founder and CEO
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Richard Clutz started the company, his first action was to design, specify, and install waste
treatment systems. Clutz did not proceed with
the rest of the facility until the waste treatment
infrastructure had been inspected and permitted by local and state oversight.
“Because of this early awareness years back,”
Lazzara says, “Circuit Connect became a model site for future chemistry businesses in New
Hampshire. Companies looking to start a similar business in New Hampshire had to tour our
facility to see how we operate.” He adds, “Caring and awareness for the environment have
been here since day one.” Circuit Connect is
four months away from certification as a zerodischarge facility as well.
What drives the all-green culture in New
Hampshire PCB fabrication? “We did it because it’s the right thing to do,” Lazzara replies. “New England was ground zero for the
American Industrial Revolution. Manufacturers
took advantage of the systems of rivers in the
region to mechanize, going from water wheels
to steam generation and beyond. But those factories also used the rivers as their sewers and
gutters. Throughout New England’s history,

you can find a number of episodes in which we
were not environmentally responsible. However, as the environmental impact became apparent, a certain reverence for our region and our
planet has come to the fore.”
There isn’t as much government involvement in the green movement as one might
think. Lazzara points out that no specific government programs require zero waste. He

Figure 1: Environmentalism and pollution prevention is a
necessary part of the New Hampshire PCB industry.
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adds, “There’s no government group leaning
on us, no specific government advocate, no tax
breaks for zero emissions. In fact, it’s a riskmitigation strategy. When we go zero emissions, then the opportunity for a pollution violation goes away entirely.”
But does it cost more to protect the environment? Lazzara says no. “We save money by
being zero waste. Our wastewater plant generates all the deionized [DI] water our processes
consume, so I don’t have to pay for DI. Hazmat
storage, transportation, and offsite treatment
go away, too, which saves us money and potential environmental liability.”
“We’re the first ISO 14000 certified PCB fab
in New Hampshire [editor’s note: ISO 14000 is
a family of standards related to environmental management]. Customers will ask us about
ISO 9000 or our other certifications, but nobody seems to make environmentally green
processes a deciding factor in selecting their
supplier,” he explains. So zero-waste, environmentally-friendly manufacturing isn’t necessarily a selling point.
Nevertheless, the payoff is there inside the
business and outside in the community. Lazzara makes this final observation, “Whelen
Engineering and other 21st century companies—like Circuit Connect—are making it their
responsibility to overcome the past. We are the
stewards.”
A wise perspective for PCB fabricators
around the world. PCB007

Feature interview by Patty Goldman
I-CONNECT007

I caught up with Mark Chassé, one of the
engineers, in GreenSource’s analytical lab for
a brief chat.

Patty Goldman: Mark, tell me more about your
“trust with verification” program on incoming
materials and chemicals. Let’s begin there.

Mark Chassé: We haven’t gotten into inspection

of incoming materials, but we have certified
chemistries that have come in from our suppliers. And the trust factor is very high, which is
important. Periodically, we’ll make up a bath
right here in the lab and then we’ll test it, and
that gives us an idea as to where things are.
It’s basically a spot check. We haven’t had an
incident of a recall that I remember, so it’s a
unique situation that we have. The suppliers
that we work with are high-grade.

Goldman: That’s good. How about materials
like laminate and things like that?
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Chassé: I don’t get engaged with that. I’m dealing with the wet process and chemical usage,
in particular with surface cleaning and metalization. Right now, I’m focusing on the electroless copper process.
Goldman: And what’s happening with that?
Just fine-tuning?

Chassé: We’re learning about these machines,

so we’re putting the machines through their
paces; in fact, we had our highest throughput
to date yesterday. So we’re very excited about
that. The process is putting down a pristine
deposit that I haven’t seen before. It’s a new
chemistry. We’re running a beta site test with
Atotech and it’s proving to be a very good material. It’s going down significantly faster than
anything that I’ve worked with.

Goldman: And a nice deposit in the end?
Chassé: Yes. Because we’re restricted in space,
everything must happen in that six-meter
space, and the process is doing it beautifully.

Having trouble keeping up with front-end demand?
We have people for that.

Here are six ways that outsourcing CAM and related front-end work can help manufacturers
not only stay in business but also help them thrive:
• Increased on-demand capacity
• Improved automation
• Faster turn-around times
• Reduce costs
• Improved quality
• Ability to build redundancy in critical areas
We deliver the highest quality PCB CAM and Mechanical
CAD engineering services to customers around the world.
.

Find out how we can help you >
www.entelechyglobal.com

Goldman: That’s good to

hear. Now, tell me about
the people working in
the lab.

Chassé: We have someone working with cyclic
voltammetric stripping,
CVS, to analyze the electroplating copper baths.
Right now, we have four
different chemistries.
And that particular analysis requires great attention to detail. One set of
analyses could take up
to three hours.
Goldman: Wow, just to
analyze everything in it.

Chassé: Yes, you must Mark Chassé
set up your system, everything must be right,
and then for the two-species analysis of the
one particular bath, it takes about an hour, total. So, if you’re walking around the plant and
you see the big machine in the back, that can
add up to eight different chemistries. We really have to be experts at the utilization of that
machine.
Goldman: Of course, what you’re doing basically are checks.

Goldman: That would be

nice, since it is so timeconsuming. How frequently do you do it
now?

Chassé: Sometimes twice

a day just to make sure.
It depends on the workload, or if something
had gone awry, you get
your result, you make
your correction, and
then you have to recheck it. It’s a long day.
Next to CVS is another work station that
handles most of the
chemistries that we
have to analyze inhouse: typical acid-base
titrations, colorimetric
titrations, potentiometric titration, those kinds
of things. It’s straightforward. You’ll see this
type of equipment in more laboratories, and
it does a really good job. What’s nice about
that system is it’s modular. If something goes
awry, it’s easy to replace, easy to clean, and
easy to fix.

Goldman: Now, again, are you analyzing as a

check or to make adds?

pens to be out of whack, all your adds and so
forth happen automatically.

Chassé: Well, it’s both. If you’re running a new
system and you don’t have your dosing rates
set yet, it could take a week or two weeks. You
need a good series of data points to establish
what reality is, and then as you make tweaks
you can spread out your frequency of analysis.

Chassé: That’s correct. We have a lot of dos-

Goldman: You start dialing things in.

Chassé: Yes, system checks.
Goldman: Unless there is something that hap-

ing systems on the lines. As long as those are
maintained, and nothing goes awry, this is
precisely what you said, a system check. Over
time, as we develop more time and experience
with these new chemistries, we’ll have a greater understanding of how often we have to do
these analyses.
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Chassé: That’s right. Ultimately what you want

is for it to be a check. But sometimes you must
have your start-up analyses done, especially
on a Monday. Those are the times when it truly
is a start-up analysis, and it’s to get to ground
zero.

Goldman: Here in the lab I see grinders and

things like that, so you’re doing cross-sections and checking. Everything is check,
check, check, right?

Chassé: That’s precisely it. That’s one
point of reference, for example, in the
copper plating. And out at the line you
saw me working yesterday, we do not
have online analytics out there, so I’m
working with those. And that’s one point
of reference. What they’re doing here is a
visual reference. Even though it’s a twodimensional representation, it gives you
an idea of where you are, and it’s a piece
of the puzzle. All these things are in place
to let us know that everything is normal.
Goldman: At some point, do you expect

that you will be backing off on some of
these checks?

Chassé: Given the standard requirements,

it’s only going to be more. Especially for
the cross-section analyses.

Goldman: Eventually you’re going to be

doing outside work and they’re going to
require cross-sections. Everything changes on almost every job, so you’ve got a lot
to dial in.

Chassé: It’s a lot of stuff. We were reflect-

ing last night at how many steps there are
in the manufacturing process of a printed circuit board. Each step is necessary
so that you can proceed to the next step.
One feeds the next. And everything, all
your hoops, must be aligned.

DARPA’s $2 Billion
Campaign to Develop
Next Wave of
AI Technologies
Over its 60-year history, DARPA has played a leading role
in the creation and advancement of artificial intelligence
(AI) technologies that have produced game-changing capabilities for the Department of Defense. Starting in the 1960s,
DARPA research shaped the first wave of AI technologies,
which focused on handcrafted knowledge, or rule-based
systems capable of narrowly defined tasks. Starting in the
1990s, DARPA helped usher in a second wave of AI machine
learning technologies that created statistical pattern recognizers from large amounts of data. The agency’s funding
of natural language understanding, problem solving, navigation and perception technologies has led to the creation
of self-driving cars, personal assistants, and near-natural
prosthetics, in addition to a myriad of critical and valuable
military and commercial applications. However, these second wave AI technologies are dependent on large amounts
of high quality training data, do not adapt to changing conditions, offer limited performance guarantees, and cannot
provide users with explanations of results.
To address these limitations, DARPA seeks to explore
new theories and applications that could make it possible
for machines to adapt to changing situations. DARPA sees
this next generation of AI as a third wave of technological
advance, one of contextual adaptation. To better define a
path forward, DARPA announced a multi-year investment
of $2 billion in new and existing programs, the “AI Next”
campaign. Agency director, Dr. Steven Walker, unveiled the
large-scale effort during closing remarks at DARPA’s D60
Symposium.
(Source: DARPA)

Goldman: Okay, I know you’ve got some-

where else to be, but thanks very much
for your time.

Chassé: And you’ll see me out at the line,

so feel free to come by.

Goldman: Thanks.

PCB007
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MilAero007 Highlights
IPC Issues Call for Papers for Third Annual
IPC High Reliability Forum E

IPC—Association Connecting Electronics Industries invites engineers, researchers, academics, technical experts and industry leaders
to submit abstracts for IPC High Reliability Forum to be held May 14–16, 2019 in Hanover
(Baltimore), Maryland.

Artificial Intelligence: Super-Exciting,
Ultra-Competitive E

Artificial intelligence (AI) and machine learning (ML) have become common everyday
words, however, the present reality and future
potential are yet to evolve. This article looks
into the key considerations and strategies to
better leverage these trends that are expected
to transform the manufacturing world.

IPC Renews Concern Over Third Round of
U.S. Tariffs on Chinese Imports E

John Mitchell, IPC president and CEO, issued
the following statement on the decision of the
U.S. government to impose additional tariffs
on about $200 billion worth of Chinese imports, the third such list announced this year.

John Karkoski to Lead Zentech’s Mil-Aero
and Space Market Initiative E

Zentech Manufacturing is pleased to announce
that John Karkoski has joined the Zentech
Manufacturing, Inc. team as director, Business
Development - MilAero and Space Markets.

Insulectro Hires Michael King as DuPont
Product Manager E

Insulectro, the largest distributor of materials
for use in printed circuits boards (PCB) and
printed electronics manufacturing, has hired
Michael King as product manager its DuPont
product offerings.
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intelliFLEX Welcomes Jim Donnelly as
Director of Programs E

The intelliFLEX Innovation Alliance announced
that Jim Donnelly has joined the organization
as director of Programs.

Alun Morgan Named Technology
Ambassador for Ventec E

Ventec International Group Co., Ltd. announced that Alun Morgan, chairman of the
EIPC, has been named technology ambassador
for Ventec International Group.

U.S. Navy Awards Boeing $805 million
MQ-25 Contract E

Boeing will provide the MQ-25 carrier-based
unmanned aerial refuelers known as T1s to
extend the range of deployed fighters. The T1
has completed engine runs and deck handling
demonstrations designed to prove the agility
and ability of the aircraft to move around within the tight confines of a carrier deck.

AI Helps Track Down Mysterious
Cosmic Radio Bursts E

Researchers at Breakthrough Listen, a SETI
project led by the University of California,
Berkeley, have now used machine learning to
discover 72 new fast radio bursts from a mysterious source some 3 billion light years from
earth.

ERAPSCO Inks $64.6M in Navy
Sonobuoy Contracts E

Sparton Corporation and Ultra Electronics
Holdings plc (ULE) announce the award of
subcontracts valued at $64.6 million to their
ERAPSCO joint venture, for the manufacture
of sonobuoys for the United States Navy.

The Art and Science of
Photoresist Stripping, Part 1
Trouble in Your Tank

by Michael Carano, RBP CHEMICAL TECHNOLOGY
In the world of chemical processes, the action of the chemistry to bring about the desired result is often a blend of both art and science. The two mesh together quite easily. The
job of the chemical supplier is to ensure that
sound science is behind the formulation and
designed for the job at hand. Remember, the
PWB fabricator hires a product or process to
perform a certain job, but it is not that simple.
Photoresist stripping has become a complicated process due to many unique resist formulations on the market. The expectation is that
many new concoctions will be introduced over
the next few years. What happens chemically
during the stripping process depends on a myriad of factors. Some of these factors are easy to
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understand, while others seemingly resemble
alchemy.

Problems and Solutions

Stripping problems usually result from two
performance deficiencies: failure of the antitarnish system and/or wide variance of stripping speed and quality with use of the stripper.
Most photoresist strippers give adequate anti-tarnish performance when the stripper is
fresh but at some time during the life of the
stripper, the panels start coming out tarnished.
This is frequently thought to be the result of
the anti-tarnish chemistry being consumed,
which is not the case. The real reason this occurs is that dissolved copper in the stripper
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is a catalyst that accelerates the tarnishing of
the copper metal substrate. As the stripper is
used, the dissolved copper content builds and
the stripper becomes increasingly corrosive to
the exposed copper metal substrate. This is a
good reason to not use high pH resist stripper
formulations with concerns such as the oxidation or tarnishing of the copper. Some fabricators continue to employ low-cost, highly concentrated caustic-based strippers, but they are
mistaken because this approach is not actually
low cost (more on this later).
Thus, in reality, the tarnishing of panels in
a used stripper is a failure of the anti-tarnish
chemistry to deal with the increased corrosivity of the copper-contaminated stripper. This
unfortunate situation can be avoided by selecting a stripper with anti-tarnish chemistry
robust enough to overcome the corrosivity of
high levels of dissolved copper. This choice
can result in saving a tidy sum of money on
stripper chemistry. The stripper can then be
used to its real capacity rather than being prematurely dumped because it is tarnishing the
copper. This is the more obvious problem.
A second issue relates to the dramatic decrease in speed of stripping with usage of the
stripping chemistry. This results in an increase
in resist stripping cost. Costs can come in several forms: lost productivity, potential for rejects

due to resist residues remaining on the surface,
adding fresh resist stripper to the working solution, and inadequate removal of resist skins
from the sump. The addition of fresh stripper is usually a losing proposition depending
on the stripper formulation and other factors.
Other factors include the amount of stripped
resist film in the sump, the reactivity of the exposed resist with the stripper ingredients, and
whether or not the resist film is breaking up
into particles/skins or is partially dissolving.
Figure 1 shows the relative behavior of a
monoethanolamine (MEA)/choline-based resist stripper. These two chemicals are found
in many of the commercially available resist
strippers on the market today. Please note that
in Figure 1, while representing a typical resist
stripper operation, there are subtle differences
from one resist to another. However, the general shape of the curve is representative.
Notice that the speed over the first 30% of
the stripper bath is very high and almost completely uniform. As the choline depletes, the
stripper starts stripping with the MEA. Consequently, the speed drops suddenly and dramatically and is uniform through its life. At
this point, the stripper is acting as if it were a
pure MEA-based product and choline was never present. For an outer layer stripper formulation, it makes sense to not have an MEA/cho-

Figure 1: Stripping behavior of a MEA/choline-based resist stripper over time.
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Figure 2: Chart showing pH as monitoring tool for MES/choline-based resist stripper.
line-based mixture. Perhaps the choline with
the potential for a solvent assist is a more costeffective process for photoresist stripping of
outer layers.
Meanwhile, what is the best way to control
the performance of the resist stripper? Notice
in Figure 2 that the stripper containing choline starts at a pH over 13. When the pH drops
to 11.5, no choline remains, so all remaining
stripping occurs with only the MEA. This is a
handy way to control this stripping chemistry
and a much better approach than the traditional titration, which does not address quality or
strength of amine present and only looks at the
overall quantity of alkalinity present.
Figure 2 shows that controlling this type of
chemistry by monitoring the pH, not by titra-

tion, is the best way to ensure the quality of
stripping. This process is set up to run the line
until the minimum acceptable quality of stripping is observed, followed by checking the pH.
This pH becomes the minimum measurement
at which the bath gives acceptable results. As
one can see, photoresist stripping is a blend
of art and science. However, in the end, it is
about science. More details about resist stripping to come in a future column. PCB007
Michael Carano is VP of technology
and business development for RBP
Chemical Technology. To read past
columns or contact Carano, click here.

A New Brain-Inspired Architecture Could Improve How Computers Handle Data and Advance AI
IBM researchers designed a new computer architecture with co-located memory and processing. In studies,
their prototype ran 200 times faster than conventional
computers. Unlike the stovepipe components in conventional computers, the authors propose that brain-inspired
computers could have coexisting processing and memory units.
The IBM team drew on three different levels of inspiration from the brain. The first level exploits a memory de-

vice’s state dynamics to perform computational tasks in
the memory itself, similar to how the brain’s memory and
processing are co-located. The second level draws on the
brain’s synaptic network structures as inspiration for arrays of phase change memory (PCM) devices to accelerate training for deep neural networks. Lastly, the dynamic
and stochastic nature of neurons and synapses inspired
the team to create a powerful computational substrate for
spiking neural networks.
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IPC Legislative Victories Reached with
Outstanding Member and Industry Support
One World, One Industry

by John Mitchell, IPC—Association Connecting Electronics Industries
After months of working with legislators in
the United States to ensure our industry is well
represented, I am pleased to say that we have
been successful in our efforts—particularly
concerning defense electronics and workforce
education. The work of industry and IPC members cannot be understated. By telling real-life
stories to legislators, you provided valuable input on how their constituents are affected by
what happens in the electronics manufacturing industry.
Regarding defense electronics, the U.S. president recently signed legislation that will bring
long-term focus to military electronics—specifically Section 845 of the FY2019 National Defense Authorization Act (NDAA), which calls
on the Secretary of Defense to prepare a report
on the health of the U.S. defense electronics industrial base. The report must include a plan
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to formalize the long-term resourcing and mission of the Executive Agent, the principal Defense Department entity charged with assuring
the security and availability of printed circuit
and interconnect technologies for defense electronics. IPC continues to provide industry data
and opportunities for U.S. legislators to hear
directly from our members.
In workforce education, the U.S. Congress sent legislation to the president that
will strengthen workforce education training efforts. The President signed the Perkins
Strengthening Career and Technical Education (CTE) for the 21st Century Act. This was
another issue that benefited from our member company executives explaining to leaders
in Congress and the Administration how the
skills gap is constraining the growth of their
companies, and in some cases, their long-term

“A guided tour through
the entire DFM process.”
Kelly Dack
CID+, CIT, EPTAC Corporation
Written by David Marrakchi, a senior
technical engineer at Altium, this
book provides designers of all levels
the DFM knowledge they need to
produce a manufacturable and
functional board.
This is a must-read for any
designer who wants to get a
good board back, every time.

DOWNLOAD NOW

I-007ebooks.com/dfm

viability. I was also happy to sign a letter to the
leaders of the Senate Health, Education, Labor
and Pensions (HELP) Committee urging them
to complete their work on the bill. Because the
Perkins CTE Act is now signed, it assures me
that our industry has support as we work to
train and certify the future workforce.
These victories in North America will set the
stage for the work we are doing globally as we
continue our international outreach. In November, we will rely on our European members to provide input to legislators as we support our industry at IMPACT Europe in Brussels. We couldn’t do any of this work without you, and I’d like to take this time to thank
you for your support. I look forward to continuing our advocacy efforts around the globe.

By working together to support our industry in
the face of numerous legislative and political
changes, we can continue to keep the electronics manufacturing industry at the top of the
individuals’ minds who are making decisions
that affect the work we do every day.
If you have any questions or comments on
IPC advocacy efforts, please contact me or
Chris Mitchell, IPC’s vice president of global
government relations. PCB007
John Mitchell is president and
CEO of IPC—Association Connecting
Electronics Industries. To read
past columns or contact Mitchell,
click here.

Researchers Unveil Star Trek-Inspired Diagnostic Device
A Star Trek-inspired handheld device based on a silicon
chip could help make rapid, sophisticated medical diagnostics more accessible to people around the world. Researchers from the University of Glasgow describe the
latest development in their ‘multicorder’ project, inspired
by Star Trek’s famous tricorder device, which the show’s
medics use to make quick and accurate diagnoses.
Their new device which pairs a handheld sensor with
a smartphone app to measure the levels of various metabolites in fluid samples from patients. Metabolites are
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small molecules found in fluids from the human body. By
measuring and monitoring their relative abundance, scientists can keep track of general health or the progression of specific diseases. The ability to rapidly detect and
quantify multiple metabolite biomarkers simultaneously
makes this device particularly useful in cases of heart attack, cancer and stroke, where rapid diagnosis is vital for
effective treatment.
While metabolites can currently be measured by existing processes such as nuclear magnetic resonance and
hyphenated mass spectrometry techniques,
both approaches are expensive and require
bulky equipment which can be slow to offer diagnostic results. The researchers’ new device
is built around a new form of complementary
metal oxide semiconductor (CMOS) chip. CMOS
chips are inexpensive to produce and are often
used in imaging devices.
The chip is smaller than a fingertip and is
divided into multiple reaction zones to detect
and quantify four metabolites simultaneously from body fluid such as serum or urine. The
device can be operated via any Android-based
tablet or smartphone which provides data
acquisition, computation, visualisation and
power.
(Source: University of Glasgow.)

Recent Highlights from PCB007
Discusses the Next
1 Cerambus
Generation of PCB Plating

Keeps ‘Shaking Things Up’
3 Ventec
with tec-speed 20.0

Cerambus Technology
Inc. president John Nash
sat down with I-Connect007 for a discussion
on the latest developments in plating technology, challenges and opportunities in the China
market, and their strategy for sustaining growth in a highly competitive industry.

At the EIPC summer conference, I-Connect007 Publisher
Barry Matties caught up with
Ventec Europe & Americas
COO Mark Goodwin, who
provided an update on Ventec’s new products, the current state of the company, and how Ventec is
shaking things up in the materials marketplace.

E

2

Atotech on Challenges and
Opportunities in PCB
Manufacturing E

Abel Ruivo, Atotech Deputy Business Director of Electronics for Greater China, and Daniel Schmidt, head of Global Marketing for Electronics at Atotech Group, spoke with I-Connect007 about the various challenges of PCB
manufacturing in China, as well as about the
opportunities in the sector.
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E

Enthone Talks Wet
4 MacDermid
Processing Tends in 2018
E

I-Connect007’s Patty Goldman, Barry Matties,
Andy Shaughnessy, ad Happy Holden were
recently joined by MacDermid Enthone team
members Jordan Kologe, technical marketing
specialist; Ted Antonellis, applications manager for electronics specialties; and Don Cullen,
marketing director for electronics solutions
and MacDermid performance solutions. The
discussion topic was the wet processing end of
PCB manufacturing.

Mask: You’ve Come a
5 Solder
Long Way, Baby!
E

I-Connect007’s editing team
met with Electra Polymers’
Shaun Tibbals and Antony
Earl to discuss what’s new
with solder mask, including direct imaging and inkjet printing of solder mask,
and what PCB manufacturers and OEMs need to know.

Automation on the
6 Circuit
Ever-Evolving World of
Solder Mask E

In a recent conference call,
the I-Connect007 editorial
team was joined by Circuit
Automation’s Yuki Kojima,
VP of engineering; Larry
Lindland, sales and applications manager; and Tom
Meeker, CEO, for a lively discussion about solder mask. Spoiler: it’s not all
about the equipment.

7

Thermal Capabilities of Solder Masks:
How High Can We Go? E

This article focuses on three different coating
material groups that were formulated to operate under high thermal stress and are applied
at the printed circuit board manufacturing level. While used for principally different applications, these coatings have in common that
they can be key to a successful thermal management concept especially in e-mobility and
lighting applications.

a Better Board:
8 Building
It Always Comes Back to
Communication E

For our experts meeting on
August’s theme of reliability, we reached out to Mark
Osborn, president and CEO
of Colonial Circuits, Kevin Knapp, quality manager, and Rodney Krick, manufacturing manager, and
asked them to participate in a conference call
with our I-Connect07 editorial team.

Gold: How it Fits
9 Autocatalytic
as a Final Finish
E

For process sequences or more
information regarding semiautocatalytic gold baths or the
latest in the development of a
fully autocatalytic gold bath
that can eliminate corrosion at
thickness of >100 nm, please
contact the author.

IPC High-Reliability Forum
J The
for Mil-Aero and Automotive
Sectors E

I-Connect007’s Happy Holden had the pleasure of attendng the IPC’s High Reliability Forum (HRF) in Baltimore in May. As the IPC
scripted it, it was a “Technical Conference with a Focus on Electronics
Subjected to Harsh-Use Environments.”

For the Latest PCB News and Information, Visit: PCB007.com
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Career Opportunities

PCB DFM Engineer

Apple products are as alluring on the inside as they
are on the outside. Inside our products are some of
the world’s most challenging consumer PCB assembly and flex designs. Imagine yourself as a select
member of the team that brings these assemblies
from concept to high-volume manufacturing.
Key Qualifications

Senior Manager, Flex/PCBA DFM

On this team, you’ll be responsible for new product
development, sustaining products and failure analysis while leading and mentoring design, process, and
quality engineers and managers. You’ll collaborate
cross-functionally with Product Design, Electrical Engineering, strategic suppliers, and contract manufacturers to ensure the manufacturability of Apple products and maintain Apple’s high standards for quality.

• At least 5 years of experience with printed circuits,
including hands-on process engineering experience
• Creativity and curiosity about materials science and
electronics packaging at all levels
• Deep knowledge of industry specifications, especially
IPC and JEDEC specifications
• Understanding of the relationship between
manufacturing processes and printed circuit defect
conditions, especially latent defects
• Ability to travel overseas for up to 25 percent of
your time

Key Qualifications

Primary Responsibilities

Primary Responsibilities

• Maintenance of PCB design guidelines for all Apple
products as well as the technology road map and
acceptability specifications
• Establishment and maintenance of the supplier site/
material/technology qualification matrix
• Direct responsibility for all PCB-related quality issues
and excursions
• Providing mentorship to product designers on available
PCB technologies and materials

Education
BS or higher in Materials Science or Mechanical, Chemical,
or Electrical Engineering

• At least 10 years of experience, with 5+ years of
experience as a senior manager or director
• Experience managing other managers is preferable
• Experience in design and manufacturing, preferably in
the electronics fabrication and assembly industry
• Deep technical knowledge complemented by a good
sense of how engineering decisions impact business
concerns
• Excellent communication skills, from extemporaneous
discussion to synthesis of detailed technical reports
and distillation to executive-level presentation
• Development of several design engineers and first-level
managers
• Primary escalation point to resolve blocking issues
related to design release, design spec compliance,
or production process problems
• Engagement with vendor senior management to set
expectations and to communicate feedback
• Highlighting all project risks to executive management
and identifying, evaluating, and recommending the
best path to resolution

Education

BS or higher in Materials Science or Mechanical, Chemical,
Electrical, or Industrial Engineering
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Career Opportunities
FREEDOM
CAD
S E RV I C E S
Sr. PCB Designer – Allegro

CAM Operator

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 overtime at time and a half.

American Standard Circuits is seeking a CAM Operator for its Phoenix, Ariz., office. Qualified applicants
will need experience in using Valor/Genesis (GenFlex)
CAD/CAM software with printed circuit board process
knowledge to edit electronic data in support of customer and production needs.

Key Qualifications

Job Requirements:
• At least 5 years’ experience in PCB manufacturing
• Process DRC / DFMs and distinguish valid design
and manufacturing concerns.
• Modify customer supplied data files and interface
with customers and engineers
• Responsible for releasing manufacturing tooling
to the production floor
• Prepare NC tooling for machine drilling, routing,
imaging, soldermask, silkscreen
• Netlist test, optical inspection
• Work with Production on needed changes
• Suggestions on continual improvements for
engineering and processing.
• Be able to read write and communicate in English
• Must understand prints specifications
• Must be US Citizen or permanent resident (ITAR)
• High School Graduate or equivalent

• EXPERT knowledge of Allegro 16.6/17.2
• Passionate about your PCB design career
• Skilled at HDI technology
• Extensive experience with high-speed digital,
RF and flex and rigid-flex designs
• Experienced with signal integrity design constraints
encompassing differential pairs, impedance control,
high speed, EMI, and ESD
• Experience using SKILL script automation such as
dalTools
• Excellent team player that can lead projects and
mentor others
• Self-motivated, with ability to work from home with
minimal supervision
• Strong communication, interpersonal, analytical,
and problem solving skills
• Other design tool knowledge is considered a plus
(Altium, PADS, Xpedition)

Primary Responsibilities

• Design project leader
• Lead highly complex layouts while ensuring quality,
efficiency and manufacturability
• Handle multiple tasks and provide work leadership
to other designers through the distribution,
coordination, and management of the assigned
work load
• Ability to create from engineering inputs: board
mechanical profiles, board fabrication stack-ups,
detailed board fabrication drawings and packages,
assembly drawings, assembly notes, etc.
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Join our Team!
Founded in 1988, American Standard Circuits is a
leading manufacturer of advanced circuit board solutions worldwide. Our ongoing commitment to leading-edge higher-level interconnect technology, costeffective manufacturing and unparalleled customer
service has put us at the forefront of advanced technology circuit board fabrication.
We manufacture quality rigid, metal-backed and
flex printed circuit boards on various types of substrates for many applications.

Career Opportunities
Sales Development
Manager
Electrolube has a new opportunity for a sales development manager
covering the Midwest United States.
This is an exciting role involving all
aspects of sales development and
account management for the Electrolube brand.
The successful candidate will have
relevant experience within the electro-chemicals industry and a strong
commercial background. This position will report directly to the U.S.
general manager.
Applicants should apply in
writing and submit a CV
by clicking the button below.

International Field Service Engineer
located in ITALY
The successful candidate will:
• Install and service our plotters and direct imaging
machines at customer sites Europe-wide
• Carry out maintenance in the field
• Frequent travel: 4 to 5 days a week,
3 to 4 weeks a month
• Assist product manager
We are looking for a team player who is:
• Strongly customer-oriented and experienced in
on-site support
• Accustomed to travel, and willing to travel
frequently
• Motivated, independent and enterprising
• Technically-minded with training/background in
electromechanics/electronics
• Experienced with software (setup, configuration,
and usage of Windows-based CAM front-end
software and Linux-based RIP software)
• Fluent in Italian and English (German and/or
French is a plus)
• An analytical thinker
• Capable of problem solving
The right candidate will be a valued member of a
friendly, team-oriented, growing international company that is a leader in its field, dedicated to excellence in all it does. Dynamic and fun, the company offers a great working atmosphere, and this new position is forward-looking and open, with plenty of opportunities for enterprising individuals whose results
could be rewarded with prospects for progression in
technical development.
Apply to Anja Ingels after clicking below.
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Career Opportunities
Product Group Field Manager
Waterbury, CT
Do you have what it takes? MacDermid Enthone
Electronics Solutions is a leading supplier of specialty chemicals, providing application-specific
solutions and unsurpassed technical support.
The position of the Product Group Field
Manager will be responsible for creating and driving a strategic plan for the regional product line,
including the following:
• Possess a thorough understanding of the
overall PCB business, and specifics in wet
processing areas
• Play an integral part in developing a commercial
and technical customer strategy
• Create and deliver customer facing
presentations
• Provide technical training for field staff
• Create and execute a product rationalization
program
• Develop new product roll-out packages
Hiring Profile
• Bachelor’s degree or 5 years’ job-related
experience
• Strong understanding of chemistry and
chemical interaction within PCB manufacturing
• Excellent written and oral communication skills
• Strong track record of navigating technically
through complex organizations
• Willingness to travel
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Role: Vice President Gardien Taiwan

TAOYUAN COUNTY, TAIWAN

Gardien Taiwan is a service provider of circuit board
(PCB) quality solutions, including electrical testing,
AOI optical inspection, engineering (CAM), fixture
making, repair and rework. Gardien Taiwan operates
service centers in Taoyuan and employs about 100
employees and is currently seeking a vice president
to manage and oversee the entity.
Candidate Profile:
• Proficiency in Chinese and English (written and
spoken)
• Excellent communication and organization skills
• Experience in change management
• PCB background appreciated, but not mandatory
• Management experience in internationally
operating companies
• Savvy in standard office software (Word, Excel
and Power Point)
If this sounds like you, please click here to send us
an email with your attached CV.
About Gardien Group - Gardien is the world’s largest
international provider of independent testing and QA
solutions to the PCB industry with a global footprint
across 24 service centres in five countries and we
cater to a whole range of customers, from small
family owned PCB shops to large international fabricators. Gardien’s quality solutions and process
standards are trusted by leading high-tech manufacturers and important industries including aerospace,
defense, and medical technology.

Career Opportunities
Sales Associate - Mexico
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.
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 employer-matched
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.

Manncorp, a leader in the electronics assembly industry for over 50 years, is looking for an additional sales associate to cover all of Mexico and to be
part of a collaborative, tight-knit team. We offer onthe-job training and years of industry experience in
order to set up our sales associate for success. This
individual will be a key part of the sales cycle and
be heavily involved with the customers and the sales
manager.
Job responsibilities:
• Acquire new customers by reaching out to leads
• Ascertain customer’s purchase needs
• Assist in resolving customer complaints and
queries
• Meet deadlines and financial goal minimums
• Make recommendations to the customer
• Maintain documentation of customer
communication, contact and account updates
Job requirements:
• Located in Mexico
• Knowledge of pick-and-place and electronics
assembly in general
• 3+ years of sales experience
• Customer service skills
• Positive attitude
• Self-starter with ability to work with little
supervision
• Phone, email, and chat communication skills
• Persuasion, negotiation, and closing skills
We offer:
• Competitive salary
• Generous commission structure
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Career Opportunities
PCB Manufacturing,
Marketing Engineer
Use your knowledge of PCB assembly and
process engineering to promote Mentor’s
Valor digital manufacturing solutions via industry articles, industry events, blogs, and
relevant social networking sites. The Valor division is seeking a seasoned professional who
has operated within the PCB manufacturing
industry to be a leading voice in advocating
our solutions through a variety of marketing platforms including digital, media, trade
show, conferences, and forums.
The successful candidate is expected to
have solid experience within the PCB assembly industry and the ability to represent the
Valor solutions with authority and credibility.
A solid background in PCB Process Engineering or Quality management to leverage in
day-to-day activities is preferred. The candidate should be a good “storyteller” who can
develop relatable content in an interesting
and compelling manner, and who is comfortable in presenting in public as well as engaging in on-line forums; should have solid
experience with professional social platforms
such as LinkedIn.
Success will be measured quantitatively in
terms of number of interactions, increase in
digital engagements, measurement of sentiment, article placements, presentations delivered. Qualitatively, success will be measured by feedback from colleagues and relevant industry players.
This is an excellent opportunity for an industry professional who has a passion for
marketing and public presentation.
Location flexible: Israel, UK or US
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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
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.
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Got Flex?

Diving into Flex

With original content dedicated specifically to flex system
and PCB designers, electrical engineers and those responsible
for integrating flex into their products at the DEM/CEM level,
you won't want to miss a single issue of Flex007 Magazine!
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Events Calendar
SMTA International E
October 14–18, 2018
Rosemont, Illinois, USA

International Wafer-Level Packaging
Conference Exhibition E

IPC/SMTA High-Reliability Cleaning and
Conformal Coating Conference E
November 13–15, 2018
Schaumburg, Illinois, USA

electronica 2018 E

October 23–24, 2018
San Jose, California, USA

November 13–16, 2018
Munich, Germany

IMPACT 2018 E

International Printed Circuit &
APEX South China Fair E

October 24–26, 2018
Taipei, Taiwan

Medical Design & Manufacturing
(MD&M) Minneapolis E
October 31–November 1, 2018
Minneapolis, Minnesota, USA

December 5–7, 2018
Shenzhen, China

IPC APEX EXPO 2019 E
January 26–31, 2019
San Diego, California, USA

IPC Southeast Asia High Reliability
Conferences 2018 E
November 1, 2018
Penang, Malaysia

Additional Event Calendars
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