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Do the Numbers 
Add(itive) Up?

Remember when the new kid showed up in 
your fifth-grade class on the opening day of 
school? All your friends became 10-year-old 
Kojaks by snooping and interrogating witness-
es. Where is this kid from? Which group is he 
going to hang out with at recess? Does he have 
a color TV? (That was an actual consideration 
when I was a kid. A color TV and a treehouse? 
You were my new best friend.)

Additive and its sibling, semi-additive (so 
named because it starts off with one subtrac-
tive etch step), are clearly the new cool kids in 
homeroom. They moved here late in the sum-
mer, just in time for the first day of school. 
There’s still a moving van in their driveway, 
and there’s plenty left to unpack. Everyone in 
the cafeteria is talking about them. They talk a 
good game, and they certainly have an intrigu-
ing back story. No one knows where they came 
from. I heard it was California. Or was it Texas? 

Additive is an innovative idea, and a few 
companies have had great success with it. 
But the industry is still figuring out how it 
should be best utilized. It’s not an add-on. It 
doesn’t fit neatly into the existing system. And  
additive and semi-additive technologies such 
as Averatek’s A-SAP™ (Averatek Semi Additive 
Process) may make certain steps of the exist-
ing fabrication process obsolete. That’s a scary 
thing in an industry like ours which spooks  
easily.  

During IPC APEX EXPO in San Diego, ad-
ditive was on everyone’s mind. On the show 
floor, additive was a hot topic, and I heard far 
more questions than answers. Is additive a dis-
ruptive technology? Will it displace tried-but-
true subtractive etch technology, or is it merely 
another tool to have in our toolbox? What does 
a PCB designer have to do differently? Do EDA 
tools support it?

The Shaughnessy Report 
by Andy Shaughnessy, I-CONNECT007 
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How much is it going to cost to get into ad-
ditive processing? Do the numbers really add 
up, or is it, as my parents used to say, a bunch 
of new math? What sort of ROI are we talking 
about? What equipment am I going to have to ac-
quire to begin additive or semi-additive process-
ing? Where’s all the R&D? Who’s going to step 
forward and invest some real cash into additive 
and semi-additive and help establish a set of best 
practices for designers and manufacturers?

Most importantly, who are the experts in this 
field? Where can I go for answers? IPC offered 
a lifeline here, with probably a half-dozen con-
ference presentations on additive and/or semi-
additive processing. We should see more addi-
tive papers presented at conferences throughout 
2022.

For this issue we asked a variety of contributors 
to share their stories about additive and semi-ad-
ditive technology. Mike Vinson and Tara Dunn of 
Averatek weigh in with their thoughts on addi-
tive and their own A-SAP technology, including 
when it makes sense for OEMs to consider mov-
ing into the additive and semi-additive realm. 
Todd Brassard and Meredith LaBeau of Calumet 
explain why more competition would help speed 
along adoption of these processes, and why pure 
play additive technology could be the answer the 
microelectronics community has been waiting 
for, since additive allows manufacturers to scale 
down to form factors unattainable by subtractive 
etch. We also feature interviews with Alex Stepin-
ski and Víctor Lázaro Gallego, as well as articles 
and columns by Mike Carano, Steve Williams, 
Happy Holden, Vern Solberg, Clyde Coombs, and 
Jordan Kologe and Leslie Kim.

I get the feeling that we’re going to see addi-
tive and semi-additive processes really begin to 
mature over the next few years. Someone is go-
ing to step in and fund the R&D necessary for this 
to take root—maybe the Department of Defense? 
But it’s coming, and we’ll be following the addi-
tive conversation as it happens.  PCB007

Andy Shaughnessy is managing 
editor of Design007 Magazine and 
co-managing editor for PCB007 
Magazine. He has been covering 
PCB design for 20 years. He can 
be reached by clicking here.

Additive Reality:
Green Drops, 

White Drops or Both: 
Do Solder Mask and 

Legend Make a 
Good Team? 

By Luca Gautero

Combining solder mask 
printing and legend print-
ing seems like an obvi-
ous and attractive solu-
tion, sort of like bringing 
chocolate and vanilla together. Still, the gain 
relies on obtaining both functionalities with-
out adding complexity. However, from the sum-
mary consideration in my December column 
on the equipment construction, two separate 
printhead arrays would best match the differ-
ent requirements of legend and solder mask. 
In this column, the story continues.

One favorable advantage of a one-tool con-
figuration is a single alignment step serving 
both coating processes. In the common config-
uration of printers, the alignment step bounds 
the table position to the substrate position. This 
means one substrate, one table. Even when the 
single tool has two printhead arrays, if a single 
table services the printing processes, parallel-
izing solder mask and legend coating remains 
unfeasible. Furthermore, the legend print-
ing starts only after the solder mask coating 
is completed. Therefore, these two processes 
are strictly sequential on the same substrate. 

The total average cycle time (TACT) is an 
important tool and process description. In 
a production floor with several tools, it is the 
highest TACT that defines the throughput of 
the complete production line. For this reason, 
the design of a line has a given target through-
put for all incoming tools. This simplifies the 
optimization of the sequencing since all tools 
have a similar TACT.

To read this entire column, 
click here.

http://design.iconnect007.com/index.php/column/54/the-shaughnessy-report/57/
http://pcb.iconnect007.com/index.php/column/127981/additive-reality/127984/#130538
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Feature Interview by the I-Connect007 
Editorial Team

Additive and semi-additive processes are 
getting a lot of attention lately, especially from 
OEMs who find that traditional subtractive 
etch manufacturing won’t cut it for their cut-
ting-edge applications. But what does a fabri-
cator need to know to move into additive and 
semi-additive? When does it make sense for 
the OEM? We asked Averatek’s Mike Vinson 
and Tara Dunn to add up the facts behind the 
hype for us.

Andy Shaughnessy: Where is additive and semi-
additive right now? Is it something that’s going 
to have to happen? 

Mike Vinson: It depends on the application and 
semi-additive is shown to have the advantage 
of being able to replicate the subtractive pro-
cesses in terms of fitness and conductivity. 
With fully additive, we don’t often see those 
same conductivity numbers, but much of it’s 

going to be application dependent. We’re see-
ing a lot of interest in additive and semi-addi-
tive with standard circuit boards, as well as 
some 3D type circuitry that is beginning to get 
a lot of traction right now.

Shaughnessy: There’s some debate going on. 
Will shops need to offer some form of additive 
to be competitive, or will it never displace the 
traditional subtractive process? 

Tara Dunn: It certainly won’t displace subtrac-
tive edge technology. As we all know, there’s 
still a significant portion of the industry that’s 
doing two-, four- and six-layer circuit boards 
with very large feature sizes. Additive pro-
cesses are for the area of the market that is 
pushing the limits of what HDI technology can 
handle with subtractive etch, whether that be 
for line width, space, trying to break through 
that 75-micron barrier to go to 50 micron or 
below. Now we are reliant on multiple levels 
of stacked microvias and the ability to route in 
few layers will reduce that dependence. We all 

Summing Up the Facts in Additive and 
Semi-Additive Processes
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know there are a lot of reliability concerns with 
that in our market. Those type of applications, 
I think, are where the semi-additive processes 
are going to take over and offer some relief to 
the designers. Fabricators serving that portion 
of the market will have to strongly consider 
moving in that direction.

Barry Matties: What’s the attitude toward addi-
tive or semi-additive?

Dunn: It depends on the market. Early adapt-
ers are embracing the technology and mov-
ing forward, and some of those are compa-
nies looking for a smaller package size. That’s 
very important, and this enables them to do 
it. They’re jumping in, taking the bull by the 
horns, and learning as they go. I think there’s 
a whole group of other PCB designers and 
companies that are being cautiously optimis-
tic. Let’s see where the reliability data is. Let’s 
prove it out with some testing. So, I see two 
different areas of adoption there.

Matties: With input costs rising, the case could 
be made that additive can lower your total. 

Are you seeing that as part of the impetus for 
people?

Dunn: I don’t see the motivation being the cost 
savings, but it is a benefit. One customer we’re 
working with has a design with 12 layers, three 
lamination cycles, and stacked microvias. 
Their drive was not for cost, but to simplify 
the design for lead-time purposes. It could 
be made on a shorter cycle time and be made 
more reliably. They wanted to shrink that form 
factor at the same time, so they could accom-
plish that by switching in some layers that had 
the semi-additive process. A combination of 
both technologies reduced their cost overall. 
But that wasn’t what started the drive for the 
change in technology.

Mike can give a short tutorial on the differ-
ence between fully additive and semi-additive 
in terms of circuit board manufacturing. 

Vinson: When we look at additive technologies, 
there are typically those that strictly add metal 
to the substrate or to the application and don’t 
remove any of it. With subtractive, the more 
conventional ones are the ones where you start 
with a full metal coverage, then you subtract 
away the areas you don’t want. Semi-additive 
allows us to add metal where we really want it 
in thick layers, subtract the metal that we don’t 
want off the thin layers, and still leave the thick 
layers undisturbed. These processes are very 
attractive because, as Tara mentioned, they 
pretty much drop right into a conventional 
PCB facility. The additive process may require 
a bit more work and is going to limit how much 
metal you can build up without being able to 
remove anything around it, the shape of the 
trace that you’ll get after that, or the pattern 
that you’re putting down. So, while some appli-
cations are fully additive, most of the transition 
that you’re going to see in the PCB industry 
will be toward semi-additive processes.

Matties: Fully additive opens a wide range of 
new material opportunities, doesn’t it?

Tara Dunn
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away from just the PCB layout, I think we’re 
going to find other benefits for electronics.

Matties: I would think that the cost of respins is 
going to come into play with inflation; people 
have to do it right the first time. What you’re 
talking about is that, with modeling and pre-
dictive engineering, your odds of doing it right 
the first time substantially increases.

If readers are interested in getting into addi-
tive, is this something that they bring in and 
then develop the market, or do they wait for 
market demand? Is it the chicken and egg? 
Then, if there’s a typical fabricator, what equip-
ment and training would they have to invest in 
to become proficient at this?

Dunn: I think it’s very much the chicken and the 
egg. PCB fabricators, collectively, are often hes-
itant to make capital investment until there’s a 
proven market. Part of what I do is work with 
the OEMs and the PCB designers, helping to 
drive some of that interest in market demand 
information to the fabricators in the industry.

Matties: And how’s the response?

Dunn: It definitely is cautiously positive. Like 
I said, some people are jumping in with both 
feet. Others are waiting for reliability data. 
“Fabricator, here is my test vehicle. I need you 
to run these repeatedly and show us these reli-
ability results.” At the same time, we are devel-
oping technology that we’re expecting to go to 
production in the next one to two years.

PCB fabricators, 
collectively, are often 

hesitant to make capital 
investment until there’s 

a proven market.

Vinson: Yes, it does. We’re working with differ-
ent types of dielectrics. We have a process we 
call ELCAT™, which allows us to build up addi-
tive traces in very, very fine features. Build-
ing them up into cavities that we put into the 
dielectric allows us to make those very fine. 

We’re also doing additive processes where 
we can put them on 3D structures. If some-
body does a 3D printed dielectric or a molded 
dielectric, that has something other than a flat 
surface to be able to build up on that curve sur-
face with fully additive process, also has a lot of 
advantages. Many of these applications don’t 
really require very thick metals, so we can 
do that quite easily. The ones that do require 
thicker metals that can also be done, it’s just 
not as common. The thicker metals typically 
will use semi-additive.

Dunn: So often now, when designers are start-
ing to look at this technology, I’m being asked 
for design rules. Most PCB designers rely on 
their manufacturers’ design rules.  We’ve done 
that for decades, but I push back on that, try-
ing not to set too many design rules too early in 
this development process because I think that 
challenges the creativity that you could have 
and limits some of the benefits beyond just the 
PCB layout. 

We worked with one project that started 
out at eight layers—five signal layers and three 
power and ground layers. We redesigned that 
using the A-SAP™ technology and we actu-
ally didn’t go very aggressively with it. I think 
we started at a 35-micron line and space and 
reduced it from eight layers to four—two signal 
layers and two power ground layers.

We did run into the impedance issues that 
you would expect when you shrink those line 
widths. So, we redesigned that to 50-micron 
line and 30-micron space, still using four layers.  
We then took it a step further and found that if 
you went from the four-layer and increased it 
to a six-layer, there were a lot of power consid-
erations that could have an impact on the over-
all electronics. Taking that thought process 
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able to get there. But a lot of their equipment 
they already have. A lot of the process steps 
that they have in hand will be able to trans-
late forward into those areas. People think that 
rework is important for these fine features, 
but for the semi-additive process, it is not as 
important as it once was.

Matties: I was recently talking to a board fabri-
cator who has direct imaging already in place. 
I asked them if they were going after the addi-
tive or SAP, and they said, “We’re going to wait 
and see. We don’t really have the resource.” 
Well, if you already have direct imaging, my 
understanding is that AOI is probably the larg-
est investment you would have to make, and 
everything else would be tank chemistry and 
methods. I’m not an expert like you, of course. 
But it seems to me that maybe there’s a misun-
derstanding of what it really takes to get started 
with this.

Vinson: A lot of that misunderstanding is com-
ing from some of the Asian competitors that 
are investing tens of millions of dollars into new 
fabrication facilities for these fine line features. 
Some of them are more modern, semi-additive 
processes like the ones Averatek is introduc-
ing in the marketplace. Those things aren’t so 
onerous as they are for some of the other semi-
additive processes that we’re seeing from Asia.

Nolan Johnson: I’m imagining the team look-
ing at this as a process to bring in-house, so 
how much investment do I need to make in 
my human resources to bring the appropriate 
expertise? What does my CAM team need to 
know? How do they get that expertise? How 
do I bring them up to speed so that they’re 
experts with our first designs coming through?

Vinson: It doesn’t take a great deal. It really 
depends on what kind of discipline you have in 
your facility. If the facility has been running the 
same products, year after year, a lot of the peo-
ple are going to be ingrained into how those 

Matties: The timing is everything in that they 
must be in a product redesign cycle for it to 
make sense. For a fabricator, it’s knowing that 
there’s an organization like yours out there 
promoting and marketing it. Calumet has 
also made this point; this will accelerate and 
get stronger if we have more fabricators offer-
ing this technology, making it more proven or 
accepted.

Dunn: I think that’s very true. And I think that 
OEMs are going to be hesitant to put all their 
eggs in the basket if there’s only one fabrica-
tor that can produce using this technology, so 
the more fabricators producing, the more con-
fidence there’s going to be all the way around.

Matties: Now, assuming a fabricator already 
has LDI equipment, what other equipment or 
investment would they be looking at?

Vinson: For the fabricators, it’s mainly the 
equipment to create the feature sizes that they 
need. Then maybe a few changes to things like, 
how clean they keep their areas to keep the size 
of the dust particles or the foreign particles 
down to match those feature sizes. But most of 
the investment is largely driven by the feature 
sizes needed, and things like optical inspec-
tion, tests, and probing. But the semi-additive 
process does allow for a huge reduction in fea-
ture size that will meet almost all the applica-
tion needs today.

Matties: For a fabricator reading this, where is 
that tipping point, that time when they really 
must invest if they don’t already have LDI and 
AOI? I’m assuming most of them have AOI 
these days, maybe not LDI.

Vinson: LDI will be almost an entry level 
requirement for these fabricators. The other 
things are going to be driven by feature size. 
They’ll be needing to look at, say, sub-3-mi-
cron, 3-mil to 1-mil to sub-1-mil. They will all 
require different efforts and equipment to be 
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processes and products run. To change them 
over to a new one is going to be more difficult. 
But if it’s a factory that’s been constantly mov-
ing forward with their technology and reedu-
cating their team on a regular basis, this should 
be just another step, or another note in what 
they’re doing in terms of their overall pursuit 
of the market.

Johnson: Tara was talking earlier about not 
needing design rules, and that often is a way 
of communicating what one wants to do inside 
a new process. How does that fabricator get 
their CAM team up to speed?

Dunn: That’s a good question, and it’s some-
thing that everybody’s working on as we go 
through this. A lot of that is just knowledge 
based—helping everybody involved with it 
from CAM through final inspection, becoming 
familiar with the process itself, and the capa-
bilities of the process. Something else to keep 
in mind is the A-SAP process, or semi-addi-
tive process at Averatek, is not going to solve 
all the struggles for PCB fabricators. If you’re 
struggling with, say, via-in-pad plated-over 
technology, having this new technology on its 
own won’t fix that problem. You’re still going 

to have to work through all the other fabrica-
tion processes, hurdles, and idiosyncrasies of 
building these complex designs.

That said, the additive process can simplify 
and, in certain cases, decrease the dependence 
on those types of technologies at the board fab-
rication level. That goes back to those design 
rules. What I continue to push for is more of a 
collaborative approach, at least until we get a 
strong base to start putting some rules in place.

Vinson: A lot of these design rules are going 
to be generated application by application, so 
where I start is with a good understanding of 
what the new boundary conditions are.

Matties: One of the things that was recently 
pointed out to me is that for fabricators offer-
ing additive, it opens the door to customers 
they aren’t necessarily talking to, but wind up 
buying a traditional board in any case because 
there’s interest in that technology. As we look 
at all the manufacturing resources that they 
need to bring into place, there’s also market-
ing that they need to consider and how they’re 
going to present their companies. What advice 
are you providing those companies to market?

Dunn: A nice marketing approach to this is that 
we’re adding another tool in the toolbox for 
PCB designers. Not all designs are going to need 
additive processes. A lot of them will still be sub-
tractive etch. So, for a fabricator to have a larger 
offering and expanded capabilities is a benefit to 
both the OEMs and to the PCB fabricators.

Matties: It sounds like this, obviously, is gain-
ing traction. Is it where you expected it to be in 
terms of market acceptance at this point? Is it 
behind, ahead, or right on pace?

Dunn: I’m probably the over-optimistic person 
in our group. I wish the adoption had come a 
little bit faster. But I do think that having a year 
and a half where we haven’t been able to meet 
face to face has slowed some things down, as 

Mike Vinson



FEBRUARY 2022   I    PCB007 MAGAZINE    17

well as just the acceleration and the PCB mar-
ket in general; people are really busy. It’s hard 
to look at new things. And it’s hard to take that 
pause for a minute and consider new technol-
ogy and new processes. But you’re right that 
this is gaining traction, and we’re seeing a lot of 
interest in the market and across all industries. 
It’s not really narrowed into any specific indus-
try. That makes sense because with electronics 
in general, we’re trying to do more in less space.

Matties: Of course, seeing a shift in some of 
the supply chain attitudes is creating market 
opportunities as companies are looking for 
new suppliers, so it may be a perfect time to 
start talking about alternate methodologies for 
accomplishing their needs. What do you think 
the most important message is that we should 
be sharing with PCB fabricators regarding 
additive or semi-additive?

Dunn: The most important thing that I would 
like fabricators to understand is that there is a 
market demand for it, and that it is not as an 
intimidating of a process to bring into your 
facility as it might appear.

Vinson: In years gone by some of these changes 
from one point to another in the roadmap have 
been quite difficult and require quite a bit of 
investment. This looked like it would be from 
a lot of history that we’ve got, but it’s really 
not so difficult to make that transition. If these 
PCB fabricators are seeing demand from cus-
tomers or the ability to attract new customers 
with better business for them, then they should 
certainly consider what it takes to modify their 
manufacturing processes and bring these semi-
additive processes online in their shops.

Matties: When you’re talking to fabricators, 
what’s the greatest resistance or the most asked 
question you get?

Vinson: We get questions such as, “We’re going 
to put new processes in. Are they safe? Are 

they going to be environmentally friendly, or 
am I going to have to redo my entire facility to 
adapt to these things? And where am I going 
to have other pitfall areas?” As we talked about 
lithography earlier, they ran the gamut of ques-
tions, but they’re pretty much the ones that we 
think they would be at. We’re not really seeing 
anything too unusual or off the wall.

Matties: No real showstoppers?

Vinson: No, none that we can see. But there’s a 
lot of hesitation and a lot of questioning at the 
beginning.

Matties: As you’re saying, people won’t wait 
and see the reliability, the performance over-
all, and market acceptance. It’s just a process of 
giving it enough time and space to develop and 
prove itself.

Vinson: The market, though, is showing itself 
to be very robust and is pulling a lot of these 
shops toward the A-SAP process faster than 
they anticipated. We’re seeing a lot of new 
interest from a lot of different areas simply 
because of that.

Matties: Is North America behind in the addi-
tive and semi-additive compared to Asia or 
other places?

Vinson: Yes. There’s a lot more capacity in other 

The market, though, is 
showing itself to be very 
robust and is pulling a lot 

of these shops toward 
the A-SAP process faster 

than they anticipated.
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places than there is here for these processes. 
From the point of view of technology or capa-
bility, we’re not really behind, but we haven’t 
really implemented it and have allowed a lot of 
it to develop overseas. 

Matties: Who’s driving the R&D? Is it coming 
out of Averatek or from OEMs? That’s one of 
the big questions in the industry today is R&D 
generally. But for this specifically, who or what 
is driving it?

Dunn: It’s from a couple of different places; 
much is driven from the larger military and 
defense primes looking ahead at their road-
maps for the next two to three years and want-
ing to make sure that there is a robust supply 
base to meet those needs. We’re seeing a lot 
from the semiconductor side of the world as 
well, really pushing a lot of the boundaries of 
what we can do with even the A-SAP process.

Matties: You mentioned the military window is 
about three years; is that typical or are they, in 
some cases, looking beyond that?

Dunn: That’s a very typical window. In some 
cases, we’re working with people who currently 
design for high volume with A-SAP, they’re 
looking to see the advantages of A-SAP, and the 
implementation for a lot of that will be three to 
four years. But I’m looking at roadmaps with 
OEMs now, that go out to 2028-29. It’s definitely 
a long-range view with this technology.

Shaughnessy: As Calumet said, they’re hav-
ing fun with it, but it’s not exactly profitable. 
Is it more fun than profit right now? Does that 
dovetail with what you all are seeing?

Dunn: I think that’s a fair statement; it’s defi-
nitely fun.

Matties: Obviously profit will have to be there 
for people to get excited, but it’s a question of 
volume, not a question of technology.

Dunn: That’s correct.

Matties: We certainly appreciate your insight 
on this topic.  PCB007

PCBAA Chairman Travis Kelly discusses with Nolan Johnson the latest updates on the new association’s activi-
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Article by Jordan Kologe and Leslie Kim
MACDERMID ALPHA ELECTRONICS SOLUTIONS

Introduction
As the electronics supply chain contends 

with the struggles of moving out of the pan-
demic and into a new normal, it is increasingly 
obvious that a new normal will be one with 
sustainability and resource conservation as the 
top priority. Over the past year, we have seen 
printed circuit board manufacturers encounter 
challenges associated with environmental reg-
ulations, water and power outages, and pres-
sures from the supply chain to reduce environ-
mental footprints. 

From the perspective 
of a board fabricator, 
especially one that spe-
cializes in HDI, a highly 
resource-intensive step 
in the process of making 
a printed circuit board 
is the primary metalli-
zation step. All circuit 
boards that have mul-
tiple layers go through 
such a primary metalliza-
tion, which is either elec-
troless copper or direct 
metallization (DM). The 
main difference between 
a direct metallization 
process and the more 
traditional electroless 
copper plating process is 
that the former deposits 
a paint-like conductive 

The Carbon Footprint of HDI: 
Direct Metallization vs. Electroless Copper

coating through absorption onto the surface, 
while the latter deposits a copper coating from 
solution through chemical reduction. The DM 
coatings are most typically a carbon or graph-
ite, and this kind of board manufacturing has 
been done reliably for nearly four decades. 

Electroless copper processes have a larger 
carbon footprint than direct metallization 
for several reasons. Compared to direct met-
allization, electroless copper is more water 
and energy intensive, has a higher variety and 
amount of chemical ingredients, and has higher 
process variation. When looking at the compar-
ison from the perspective of HDI, the impact of 
all of this becomes even more critical.

Figure 1: Process steps for two commercial direct metallization 
processes compared to electroless copper.
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HDI—Why Direct Metallization?
In conventional PCB multilayer, the pri-

mary metallization step is utilized once all 
innerlayers of the board have been laminated 
and drilled and the board is nearing comple-
tion. The microvia structure is the central fea-
ture of HDI that allows for the manufacture of 
high-density circuit boards today. The micro-
via essentially replaces the singular through-
hole that connects multiple layers and allows 
individual layers to be routed to their neigh-
bors directly and separately from other lay-
ers. To achieve this feat of engineering, how-
ever, every single build-up operation that the 
board goes through requires an additional run 
through a primary metallization step. It is for 
this reason that the electroless copper and 
direct metallization are under constant scru-
tiny from a reliability perspective. Yet, as we 
will discuss shortly, the sustainability question 
has not been widely examined. This is impor-
tant since the volume of boards in the indus-
try that use microvia designs is as high as it  
has ever been and will continue to grow to 
meet the needs of any electronic design that 
can economically benefit from increased cir-
cuit density. 

With increasing volumes of PCBs being 
manufactured with HDI, there will be an even 
faster increase in the volume of boards passed 
through some form of primary metallization. 
For 2021, Prismark estimated that the total 

amount of board surface area considered to be 
microvia type designs (HDI PCB and package 
substrate) was in the range of 3 million square 
meters, while for all multilayer boards this was 
approximately 16 million square meters. Yet 
the amount of volume that passed through pri-
mary metallization lines in 2021 for these HDI 
designs was likely something closer to 15 mil-
lion square meters if one assumes an aver-
age of five build-up steps per board design. 
This is because, while a 12-layer multilayer 
board would only need a single pass through 
an electroless copper line to create the plated 
through-hole that connects all layers at the end 
of construction a 12-layer, any layer HDI board 
would need to pass through the same electro-
less copper process five-plus times by the end 
of the construction. 

This begs questions about sustainability 
and supply: Can we create an ever-increas-
ing amount of printed circuit boards with HDI 
technologies such as mSAP while also meet-
ing increasingly strict targets for carbon miti-
gation, while also meeting profitability expec-
tations? 

Comparing Electroless Copper 
and Direct Metallization 
From a Sustainability Viewpoint

So, where do electroless copper and direct 
metallization stand when compared side-by-
side on sustainability? We will now break down 

Figure 2: The resource-intensive primary metallization step is required for each additional 
build-up layer during HDI manufacturing.
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between each chemical processing 
step. Due to the number of chemical 
steps in a standard electroless copper 
line (more than seven), and the nature 
of the chemicals (heavy metals, che-
lators, catalysts), there are typically 
at least seven cascade rinse tanks in a 
single line. Even in large double pass 
DM lines, which are utilized for high 
volume production, there are just five 
chemical baths and only three cascade 
rinses. Comparing two high output 
lines of around 20,000 square meters 
per month, a double pass DM line 
would use approximately 25,000 liters 
per day while a vertical electroless 
copper line would use approximately 

84,000 liters per day. 
In August 2021, when water shortages were 

one of the issues seen in many areas around the 
globe, including the highly important island 
of Taiwan, the water consumption of these 
lines was more closely scrutinized than it had 
been in previous years. In Taiwan, there was a 
point where board manufacturers were exam-
ining the possibility of having to deliver tanker 
water to keep operations running at package 
substrate and high-end PCB fabrication sites. 
The price difference between the industrial tap 
water at the time was $0.43/ton while tanker 
water was $14.44 per ton. Figure 4 examines 
what the two lines would have consumed per 
day should the situation have progressed to the 
one described above. 

these two processes on their merits from this 
perspective, provide some examples of where 
these would have met real world issues over 
the last year, and estimate the carbon footprint 
of the primary metallization process in PCB 
manufacturing. Direct metallization is a more 
sustainable primary metallization process than 
the traditional electroless copper primary met-
allization route because it uses significantly less 
water, power, and harsh chemicals. 

Water Usage
Depending on the equipment and process 

selection, water usage varies when comparing 
the many ways of performing primary metal-
lization. Horizontal processes use significantly 
less water than vertical processes because of 
the efficiency gained through how 
the boards move through the equip-
ment. Direct metallization processes 
are almost exclusively horizontal. 
In vertical processing, large rinse 
tanks require more water in contact 
overall with the rack and boards, 
and the water that is in contact with 
the boards needs to be exchanged 
at a certain rate during each rins-
ing step to ensure that the process 
is sufficiently cleaning the boards in 

Figure 3: The surface area of HDI type boards going 
through primary metallization processes in 2021 may 

have been nearly equal to that of all multilayer boards.

Figure 4: Comparison of potential costs for DM vs. 
electroless copper during the Taiwan water crisis of 2021.
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As far as estimation of CO2 equivalents for 
water usage, we did not find them to be incred-
ibly impactful due to the choice of inputs we 
utilized, as water production requires a com-
paratively low energy input in industrialized 
countries. 

Power Usage
The power usage of direct metallization is 

consistently lower than electroless copper by 
a large factor regardless whether a horizontal 
or vertical equipment configuration. This is 
because the baths in an electroless copper pro-
cess are greater in number and higher in tem-
perature than in the direct metallization pro-
cess. An electroless copper line has a:

• Cleaner (~50°C)
• Conditioner (~52°C)
• Micro-etch (~38°C)
• Palladium catalyst pre-dip (~25°C) and 
   palladium catalyst bath (~33°C)
• Accelerator (~50°C)

The actual electroless copper bath (~45°C) 
This is compared to the standard DM line, 

which has a:

• Cleaner/conditioner (~24°C)
• DM bath (~33°C)
• Post etch (~34°C)
• Blower and dryer

Due to this, power usage drops more than 
50%, even for double-pass lines which just 

add an additional conditioner/carbon module. 
Comparing similar lines side-by-side as in the 
water example, an equivalent DM line will uti-
lize around 62,000 KWH/month, while a verti-
cal electroless copper line will be in the range 
of 147,000 KWH/month. 

As with water outages, 2021 also saw several 
periods of time where power rationing was 
required at many board fabricators in Asia. 
Those who were running direct metallization 
were able to supply their customers for longer 
and with a lower overall usage than those run-
ning electroless copper. For estimation of the 
CO2 equivalent, which is what is to follow, we 
converted the KWH using standard methods 
which can be arrived at on the U.S. EPA web-
site. 

Chemical Ingredients and a Model 
for Total CO2 Equivalent

While it is too large a topic to break down 
in this article, the chemical ingredients that 
are used to make up the total component list 
in an electroless copper process are numer-
ous and in general much more stressful on the 
environment from the raw materials stage than 
direct metallization. When building a model 
for CO2 equivalent, we utilized actual con-
sumption data at customers to create a base-
line amount and then backtracked what each 
quantity of the component would generate in 
terms of kilograms of CO2, using the most uti-
lized method of manufacturing. Conversion 

Figure 5: Power consumption of direct metallization is lower because there are fewer baths 
with lower bath temperatures.



Join PCBAA today to help us advocate, educate and legislate for 
policies that support this critical American industry.  

Your voice
in Washington

SUPPORT THE DOMESTIC 
PRODUCTION OF PCBS

ENHANCE SUPPLY
CHAIN SECURITY

ADVOCATE FOR INITIATIVES
THAT CREATE FAIR

MARKET CONDITIONS

OUR 2022 FOCUS AREAS

PCBAA.ORG

JOIN US TODAY

Established in 2021, the Printed Circuit
Board Association of America fights for an 
environment in which U.S.-based printed circuit 
board manufacturers and suppliers can thrive.

https://www.pcbaa.org/join.html
https://www.pcbaa.org/


26    PCB007 MAGAZINE   I   FEBRUARY 2022

numbers were obtained from sources which 
utilized databases like Ecoinvent or publicly 
available government data. It is very important 
to note that the snapshot that we have created 
with this very early model is quite limited in 
scope, and only looks at the emissions from the 
act of running primary metallization at the fab-
ricator and consuming the chemicals utilized. 

In our model, the output of which is shown 
in Figure 6, provides an estimate for total yearly 
emissions of kilograms of CO2 from equiva-

lently sized DM and horizontal electroless cop-
per lines that output 20,000 square meters per 
month. The categories evaluated are power 
consumption, water consumption, transpor-
tation, packaging, and chemical consumables. 
For transportation and packaging, due to the 
volume of chemicals required to operate an 
electroless copper line, we were able to cal-
culate a significant difference in emissions for 
delivery of the chemical products to the fabri-
cator. Packaging estimates were based on the 

Figure 6: Yearly Kg carbon dioxide emissions for electroless copper vs. Blackhole direct metallization.
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lines already contributing to carbon reduction 
within the electronics supply chain. As a sup-
plier, we are continuously working with the 
industry to generate data so that this technol-
ogy can be a stand-in replacement to electro-
less copper far into the future. In a future that 
is fraught with increasing risk of environmen-
tal regulation, the electronics industry needs 
to be open to the possibility that electroless 
copper may someday no longer be an econom-
ically viable option.  PCB007

Leslie Kim is director of primary 
metallization at MacDermid Alpha 
Electronics Solutions. 

Jordan Kologe is technology 
marketing manager at MacDermid 
Alpha Electronics Solutions.

total emissions produced by the production 
of five-gallon pails and 55-gallon drums. From 
this, we estimate that the horizontal electro-
less copper line with this size output is gener-
ating a minimum of around 260,000 kg equiv-
alent CO2 per year, while the direct metalliza-
tion line is producing 72,000 kg equivalent CO2 
per year through just the five categories exam-
ined, within the scope as outlined. 

This is even more important for manufactur-
ers inside of or thinking of entering the HDI 
space. Using the calculations above, one can 
then come to a rough estimate for the differ-
ence in CO2 output per board square meter 
that these two different primary metallizations 
have in multilayer vs HDI (Figure 7). 

Conclusion
The main goal of this article is to open the 

discussion to the industry to examine the 
broader impacts of the primary metallization 
step in the manufacturing of printed circuit 
boards, and to add to the discussion on what 
frameworks are being used to quantify carbon 
output in our supply chain in general. Globally, 
there are more than 600 direct metallization 

Figure 7: While HDI does increase carbon emissions, direct metallization minimizes this significantly.
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Feature Interview by the I-Connect007 
Editorial Team

Calumet Electronics has been a domestic 
pioneer with additive and semi-additive elec-
tronics manufacturing processes. We recently 
asked Calumet’s Todd Brassard and Mere-
dith LaBeau to discuss the state of this tech-
nology, which traditional processes they 
might replace, and some of the challenges fac-
ing OEMs or PCB shops that are considering 
these options.

Barry Matties: We’re seeing more additive and 
semi-additive. Let’s start with what these tech-
nologies represent to Calumet.

Todd Brassard: I’m sure some of your read-
ers will go a little crazy at our use of the word 
“additive.” In my mind, pure “additive” man-
ufacturing is 3D-printed or deposition-based 
processes while “semi-additive,” in the con-
text of circuit board substrates, involves a seed 
layer of copper (A-SAP™) or a very thin layer of 

copper foil (mSAP) with plated copper traces 
and features.

We understand the distinctions between 
terms additive and semi-additive; we do not 
use “additive” to necessarily describe a pro-
cess, but rather as a proper noun to name the 
thing and contrast it against “subtractive” pro-
cesses. For example, when working with Aver-
atek’s A-SAP™ technology, the seed layer is so 
thin that it is removed with a simple micro-
etch. To me, the process is so close to being 
purely additive, I name it an additive process. 

Matties: Is it going to be a mandatory offer-
ing for most fabricators in the coming years? 
Or is this something that will still be limited in 
scope?

Meredith LaBeau: What is driving the need for 
additive manufacturing—and I use this term 
“additive” as Todd just described—is design 
size and complexity. Next generation electron-
ics will be much smaller. This is easy to see just 
following the mobile device industry. An elec-

Calumet is 
Bullish on 
Additive and 
Semi-Additive
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tronic interconnect manufac-
turer in the U.S. can only go so 
small with traditional subtrac-
tive manufacturing processes. 

Another piece of this push 
toward additive technol-
ogy is environmental. There 
will be many more conversa-
tions about the environmen-
tal impact of manufacturing 
processes, and these consider-
ations will factor more heav-
ily into contract awards. With 
traditional subtractive pro-
cesses you’re removing cop-
per, but with additive pro-
cesses you’re mostly adding copper. I believe 
there’s going to be a shift in design to reduce 
waste streams regardless of technology, as part 
of the wider ESG movement.

Brassard: Yes, ESG: environmental and social 
governance.

Matties: Is that becoming more prevalent?

LaBeau: We are just starting to see environ-
mental considerations seep into conversations 
and design considerations at our level.

Brassard: We are seeing more environmental 
considerations flowing down from the DoD. 
The DoD wants to see transition to greener 
solutions. Calumet is learning the ropes of fed-
eral funding and we believe environmental 
considerations must be included in any sub-
mitted proposal. We’ve been seeing these types 
of requirements added to RFPs in the last few 
years. Personally, I believe this is a good thing. 
We should be paying attention to what we are 
doing to the planet; this is just common sense.

LaBeau: The additive and semi-additive 
movements are not just about miniaturiza-
tion, but also system performance and integ-
rity. Additive and semi-additive technolo-

gies provide for better cop-
per trace and feature forma-
tion which improves signal 
integrity and shortens trans-
mission lines, allowing faster 
bit rates and higher frequen-
cies. For example, radar and 
communications systems 
achieve higher performance 
when trace walls are square 
and smooth. Combine the 
potential for feature forma-
tion with advanced materi-
als and chemical processes 
and a wide array of possibil-
ities emerge. As an example, 

Calumet can plate copper on transparent sub-
strates; just imagine the applications, for exam-
ple, in the augmented reality space.

Brassard: Barry, you asked if the industry will 
be required to move to additive technologies. 
This really depends on whether the U.S. elec-
tronics manufacturing industry hopes to com-
pete with Asia any time soon. Not with capac-
ity—that ship has already sailed—but with 
capability and technology. If smaller elec-
tronics enables more powerful electronic sys-
tems, then Asia is clearly in the lead with their 
semi-additive and build-up technologies. 
Asia’s manufacturing capability simply out-
classes U.S. capability in every way that mat-
ters. Where most U.S. PCB manufacturers hit 
the wall at 75-micron traces, Asian manufac-
turers are routinely running at 18 and pushing 
down to 8-micron features. Your question res-
onates at two immensely different scales; first, 
the domestic industry, and second in consider-
ation of the individual PCB shop. 

Lawmakers are putting a tremendous 
amount of time, energy, and funding into 
increasing the U.S. capability to manufacture 
chips. Applause and well done, but this only 
solves part of the problem. Until we can pro-
duce not only the chips, but also the electronic 
interconnects to wire the chips into systems, 

Todd Brassard
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the U.S. will remain woe-
fully dependent on Asia for 
the advanced substrates, cir-
cuit boards, materials, chem-
istries, recipes, processes, and 
R&D necessary to be globally 
competitive. The U.S. govern-
ment should be saying, “We 
must have the capability to 
wholly manufacture in Amer-
ica what we can imagine and 
design in America.”

Matties: So then, does the gov-
ernment have a role to play?

Brassard: Yes, the U.S. government will very 
likely be required to bootstrap U.S. PCB and 
substrate manufacturers at a cost somewhere 
between $1-3 billion in funding to help close 
the gap with Asia. The real question is, when 
will the U.S. government and Department of 
Defense figure this out and start looking at the 
entire electronics ecosystem and not just the 
chips?

Matties: How about the individual board shops?

LaBeau: With respect to individual PCB manu-
facturers venturing into additive technologies, 
it really depends on the interests, financial 
position, workforce, and existing capabilities 
of each shop. It’s important to understand that 
small-to-medium-sized PCB shops will never 
mass produce the interposers used with high-
volume computing microelectronics, CPUs, or 
GPUs. This is a billion-dollar venture as IPC 
has explained. However, production of high-
mix, low-to-medium volume organic sub-
strates used with OEM ASIC chips packaged 
onto organic substrates is well within reach of 
those manufacturers who catch the substrate 
bug. Think microelectronics advanced pack-
aging. OEMs are already scouring the coun-
tryside in search of domestically produced IC 
substrates.

Brassard: For those manu-
facturers who do not catch 
the substrate bug, which will 
be many if not most, noth-
ing is necessarily lost. The 
demand for domestically pro-
duced PCBs, at least the more 
advanced technologies, is off 
the charts and is likely to stay 
this way for many years to 
come, with the most acute 
imbalances between supply 
and demand being the very 
complex PCBs for next-gen-
eration systems. Elegant tech-
nologies such as A-SAP allow 

traditional PCB manufacturers to push down 
to 18-microns with relative ease and Merck’s 
Ormet allows PCB complexity to soar while 
significantly reducing manufacturing com-
plexity. These non-traditional manufacturing 
technologies are game changers for PCB shops 
and the United States.

To give domestic PCB shops and the domestic 
electronics industry a fighting chance, the U.S. 
government needs to kickstart the industry by 
enacting favorable legislation. Then let econom-
ics take it from there—if the government wants 
to be able to attach the chips to something with-
out sourcing or going outside the country. As 
the Printed Circuit Board Association of Amer-
ica teaches, “chips don’t float” in thin air.

Matties: The PCBAA is driving some of this 
awareness in Washington now. Are you part of 
that and is that part of the impetus?

Brassard: Yes, we are a founding member of 
the PCBAA which is a new association laser-
focused on rebuilding the PCB industry in 
America, our industry. The member compa-
nies of the PCBAA, which include a rapidly 
growing list of PCB manufacturers and PCB 
supply chain companies, are committed to 
raising awareness and driving a resurgence of 
PCB manufacturing in the United States. 

Meredith LaBeau
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LaBeau: The U.S. Partnership for Assured Elec-
tronics (USPAE) is also gaining traction and 
playing an important role in providing the 
DoD with an interface to industry experts and 
channeling program funding. USPAE lead-
ership provides expert guidance, advice, and 
opportunities to meet other organizations 
and people from the industry and government 
who are working to solve the same problems. 
The DoD’s Executive Agent for PCB and Elec-
tronic Interconnect Technology is also provid-
ing leadership at a critical time for the indus-
try. After two challenging decades for the PCB 
industry, the uptick of activities of these and 
other organizations is a good sign.

Matties: Yes, I agree. 

Brassard: IPC continues to be that driving 
force to bring everything together, build a resil-
ient electronics ecosystem, and move the U.S. 
toward Factory of the Future. Their govern-
ment relations team serves a vital and expand-
ing role in providing expertise and guidance to 
the U.S. government, where lawmakers need to 
be informed and educated about the necessity of 
having a strong electronics manufacturing indus-
try in the United States and how to get there.

Matties: Back in the IBM and RCA days, most 
of the R&D was coming out of the captive 
OEMs. When we went to job shops, what hap-
pened to the R&D? 

LaBeau: I’ll let you in on a little secret. Most 
early-career engineers do not want to work in 
a job shop, at least the ones who are graduat-
ing from universities these days. They have no 
desire to do build to print. That is just not inno-
vative or interesting. Our simple idea of want-
ing to attract and retain the best people has, 
in large, part fueled our desire to increase our 
technical know-how, which eventually took us 
to adopting additive and other forward-think-
ing technologies. We also believe this is a great 
corporate strategy to find niche markets and 
develop a meaningful future.

Matties: You’re talking about a cultural shift in 
the way that you’re running your business to 
do this, though.

Brassard: Making meaningful cultural changes 
within an organization is challenging. For as 
much progress as our company has made in 
the past decade, we face cultural challenges 
every day as we identify where we need to 
go, the milestones we must accomplish to  
get there, and the behaviors we need to  
exhibit to be successful. We are still work-
ing toward achieving our cultural goals and 
look forward to the explosive growth that  
can come from the right culture in a high 
demand market.

LaBeau: Because semi-additive and additive 
technologies are relatively new fields in the 
United States, young engineers have an oppor-
tunity to get in on the ground floor, so to speak. 
This is an inroad for young engineers.

Matties: Well, I agree, because the more we’re 
looking at the hiring and training issue—
the gap that’s in our industry—one of the 
things that we always bring up is we’re com-
peting against all these other industries for 
workforce that are more challenging, more  
appealing. Being a job shop, a print-to-order 
thing, is not that exciting. This creates big  
hiring challenges. 

The DoD’s Executive 
Agent for PCB and 

Electronic Interconnect 
Technology is also 

providing leadership 
at a critical time for 

the industry.
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Brassard: Calumet is still a job shop, just like 
every other PCB manufacturer. But will PCB 
manufacturers survive or thrive without a par-
adigm shift? As the pressure mounts to move 
manufacturing back to the U.S., OEMs are 
asking big questions about capability, capac-
ity, lead-times, and how much it’s going to 
cost them to build in the United States. OEMs 
will need PCB manufacturers that can provide 
expertise, solutions, and take the journey of 
innovation with them. We have been working 
for years to break the mold and become some-
thing more than a job shop, which is how we 
found ourselves venturing into additive manu-
facturing, a very exciting and unexplored man-
ufacturing technology in the United States, 
and we want to bring our customers and sup-
pliers along for the ride.

LaBeau: Yes, Todd uses this analogy about Cal-
umet being a focusing lens for industry, where 
OEMs and electronics supply chain work 
closely through our company to develop novel 
solutions where everybody wins.

Brassard: We are working to emulate the idea 
of an industrial commons. If you travel back 30 
years, you will see vertically integrated manu-
facturing that afforded rapid innovation. Over 
the past three decades, the U.S. industrial 
base has been fractured and distributed across 

the country and world. Innovation 
requires manufacturing to be close to 
allow rapid iteration, failures, and suc-
cesses. With the puzzle pieces to inno-
vation scattered across the country 
and world, Calumet has been working 
to bring together OEMs with big prob-
lems and supply chain with big solu-
tions, where Calumet is the crucible to 
execute the iterations. I can say with-
out a doubt that we would not be learn-
ing as much as we have without OEMs 
giving us tough problems to solve and 
our chemistry, materials, and equip-
ment suppliers pouring on their exper-

tise. We all want to do it in America. What we 
could use is a little help from the government 
so we can move faster. Also, all parties must 
find clear paths to generating new revenue 
from these new technologies. 

Matties: This must be a lot more fun for you 
guys as fabricators, to begin with, being in this 
path.

Brassard: Well, there is fun and there is prof-
itable. The latter will prove to be most impor-
tant.

LaBeau: We are first and foremost a high-vol-
ume board shop when compared to other 
domestic manufacturers, maybe fifth largest 
for volume in the country. This is our bread 
and butter and generates all the revenue that 
pays for the R&D. Funding R&D from opera-
tions is not attractive to most PCB shops, many 
of whom who are making money for the first 
time in 20 years in the current strong market. 
They do not need any distractions, as they have 
more demand for their conventional products 
than they know what to do with.

With respect to a new market of products 
enabled by semi-additive processes, we are see-
ing that U.S. designers lack experience design-
ing at the smaller scales. Designers that are 
exploring additive manufacturing are doing so 
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on their most complex designs, which makes 
sense, but it means the additive technology is 
being piled on top of an already messy build. 
It will take some time before board design-
ers take full advantage of ground-up additive 
design.

Matties: What is the tipping point for a designer 
to say, “This is where I must look at this? Or 
this is where I could look at it?”

LaBeau: One example would be placing a com-
ponent with particularly dense I/O or hav-
ing to add layers to accommodate fan-out. A 
designer can rout many more 20-micron traces 
than 75-micron traces inside of a BGA. The 
ability to redesign PCBs to take advantage of 
additive manufacturing will depend on where 
a design is within the OEM’s lifecycle, although 
component shortages may force redesigns. 
When it comes to new engineering or manu-
facturing technologies, for example, direct dis-
pense solder mask, the PCB industry is pretty 
risk averse. To get PCB shops to accept new 
manufacturing methods, the product had bet-
ter not come out looking much different. Con-
versely, taking a little risk may just lead to a 
PCB shop developing manufacturing capabil-
ities that support next generation electronics.

Matties: It’s better to be in the front than in the 
rear. The first fax machine didn’t make all the 
money. It was the second one.

Brassard: Again, the fracturing of 
the manufacturing pipeline repre-
sents a significant barrier to inno-
vation. One way we believe we 
can break down these barriers is 
with the multi-party NDA, allow-
ing OEMs to have direct conversa-
tions with supply chain CTOs and 
high-level engineers with the goal 
of developing novel solutions. You 
want 2,500 or 5,000 I/Os on a sub-
strate the size of your thumbnail? 

You will need the materials, chemistry, lithog-
raphy, and equipment suppliers and distrib-
utors’ CTOs in the room with the OEM. I’m 
thinking about this as a “micro industrial com-
mons.” If the team can make it work, all com-
panies have something novel to sell to their 
customers.

Matties: In terms of demand or interest in addi-
tive, are you seeing a growth curve?

LaBeau: Yes. In fact, we have three designs run-
ning on our shop floor now that are using semi-
additive technology. The customer is forced to 
adopt it because they could not find a work-
ing solution using subtractive manufacturing 
in the U.S. anywhere, and they need to do it for 
their end use applications.

Matties: From a manufacturing perspective, 
is it more challenging or demanding for your 
team to build an additive vs. a traditional, if 
you will?

LaBeau: The A-SAP process, for example, is 
not more challenging, but neither is it sim-
pler. It really fits in line. The part that you can’t 
overlook is it sometimes requires a few addi-
tional pieces of equipment. You may need to 
have some money to purchase equipment 
which has not been necessarily available in 
our industry. What we’re seeing is we can get 
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down to, for the sake of conversation, about 20 
microns. But with different photolithography 
equipment technologies you can get down to 
8 microns. From there, the problem becomes 
cleanliness and handling; we’re talking class 
1,000 cleanrooms for much of the process and 
class 100 cleanrooms for imaging.

Matties: The real investment is in the imaging 
department in terms of new equipment.

LaBeau: Sure. Also, chemical and etching lines, 
and for substrates, laminators, and laser drills.

Brassard: This really depends on the additive 
process employed at a shop. We understand a 
variety of additive processes. For example, the 
A-SAP technology’s feature size is not limited 
by their chemistry; the limitation arises from 
a shop’s imaging capabilities, cleanliness, han-
dling, and ability to work at small scales. 

We are successfully imaging down to 18 
microns using Orbotech LDI machines rated 
for 25 microns on epoxy/glass PCBs and 
ABF build-up substrates. Where imaging at 
15 microns is a must for standard C4 bumps 
in microelectronics, we are pushing down 
to 8 microns over the next couple of months.  
What are the yields going to look like? We’ll 
see. We need standard 80–90% yields to do  
this business and, as Happy Holden likes to 
remind us, our engineers must thoroughly 
understand the failure modes.

Shaughnessy: If somebody was running a tradi-
tional board shop, and they were about to start 
doing additive and semi-additive, what equip-
ment might they have to invest in? 

Brassard: Think chemical processes: tanks, 
transports, timers, and chemistry. 

LaBeau: Yes. Also, depending on what kind of 
resolution a shop wants to achieve, the photo-
lithography and AOI equipment. Todd is refer-
encing getting the right chemistries for work-
ing with thin materials, internal stresses, and 
Z-axis expansion, which can be a little differ-
ent than traditional subtractive PCB manufac-
turing. Also, if traces are getting smaller, then 
there’s laser drilling and microvia plating.

Matties: What’s the projected demand?

Brassard: Isn’t that the question everyone’s 
asking? That’s the million-dollar question.

Matties: Right. Are we talking about an indus-
try-wide transformation, or is it a few shops 
that will meet demand? Because if, as a fabri-
cator, I invest in this technology, now I really 
need to invest in my marketing to sell my abil-
ity to produce this and convince somebody 
that they should be utilizing it.

Brassard: The domestic electronics indus-
try will continue to feel the unrelenting pres-
sure of miniaturization. If the U.S. can’t catch 
up and keep up, our country will only con-
tinue to fall further behind. Asia is just going 
to keep getting better with cutting-edge man-
ufacturing. Presently, they are manufacturing 
massive amounts of very advanced consumer 
technology (mobile devices, high-speed com-
puting) every day, where the U.S. is just trying 
to get enough capability and capacity to meet 
the minimum needs of the DoD prime OEMs 
which are urgently working to find any capac-
ity in the United States. The more advanced 
the electronic system, the increasing unlike-

We need standard 80-90% 
yields to do this business 

and, as Happy Holden likes 
to remind us, our engineers 

must thoroughly under-
stand the failure modes.
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liness you can produce it in America. OEMs 
must dumb down their electronic systems to 
manufacture in the United States; so much 
for supremacy of electronics systems. What’s 
interesting is that we, Calumet, are not doing 
anything that cannot be replicated by another 
board shop. This is important. There’s nothing 
proprietary about what we are doing. 

Matties: But this work that you’ve done has 
created opportunity for your company in other 
ways, right?

Brassard: When you can field an F1 race car, 
people tend to believe you can make a great 
sedan. The business opportunity is scaling 
new technologies coming out of R&D to cre-
ate new and better income streams 
for PCB shops. But Meredith is 
correct, market adoption will 
take some time. We need two 
or three PCB shops to take 
up additive manufacturing 
because OEMs need mul-
tiple suppliers; this would 
help speed up industry 
adoption, having sourcing 
options. OEMs want compe-
tition, choice, and redundancy. 
When OEMs and supply chain 
work together following a cre-
ative commons-like model, the entire 
industry moves forward as each part-
ner brings what they have learned and 
developed to market for their U.S. cus-
tomer base.

Matties: I think Lee Iacocca said, back 
to your point, “We sold more Dodge Neons 
because we built the Dodge Viper.”

Brassard: That’s right. We have seen this. We 
can have conversations with just about any 
OEM today. That wasn’t true five years ago 
because we just blended into the background. 
Now, if an OEM has a problem manufacturing 

a mHDI PCB or IC substrate in the U.S., we 
will look at it. This is in defiance of the build-
to-print model. However, we are pretty filled-
up with projects. We are creating financial 
hurdles for OEMs to overcome before we will 
engage; you know, supply and demand. Unfor-
tunately, this is not deterring some OEMs, 
which only shows their need to manufacture in 
the U.S. is becoming more urgent. I don’t want 
to give the wrong impression, we very much 
still “build to print,” but the aspect of our com-
pany that is breaking the model as an “innova-
tive manufacturer” is very active.

Matties: With this pandemic, that obviously 
shifted the whole supply chain mentality.

Brassard: There’s no doubt that the pan-
demic demonstrated the U.S. overre-

liance on offshore manufacturing 
and exactly how far U.S. man-
ufacturers have fallen behind. 
I am reminded of a strategy-
based video game I used to 
play. The winner, whether 
h u m a n  o r  c o m p u t e r ,  

typically had the largest indus-
trial output during the game. 

The game taught me about bat-
tles of attrition. Whomever can pro-

duce the most product wins by wear-
ing their opponents down, unless there 

is a decisive technology that makes 
industrial capacity less significant.

Matties: What is the most important 
message we should be communicating 

to the industry regarding additive and semi-
additive?

LaBeau: I really think people need to be aware 
of what additive technology is, and that they 
understand how to get their shop to utilize it. 
Maybe they’re not ready for it yet. What are 
the opportunities, and where can they begin 
to dabble with additive technology?
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It seems that if we can prepare the material 
correctly, we can apply copper to anything. If 
a company can have foresight as to what the 
future can bring and start to think about their 
design for manufacturing, and engineering, 
and how they take the next step to utilize an 
additive technology, or even use thinner foils, 
that’s a first step into mSAP. Just use some thin-
ner foils, and start to baseline your Cpks, and 
how you can keep going further and further.

No one can flip that coin that easily unless 
their capital expenditure budgets allow for 
rapid expansion. We’re still working at the 
numbers, but we believe it’s somewhere in the 
realm of a couple million for a small shop that’s 
already in business, just to add a couple of spe-
cialty materials, specialty imagers.

It comes down to needing low-stress chemis-
tries, some different prepping chemistries, and 
different etching chemistries because of adhe-
sion. I would also suggest that additive tech-
nology is not that far away from what you’re 
already doing. It is not this complete change; 
well, it is, because we’re adding instead of sub-
tracting. But you’re still using a lot of your 
same traditional pathways to bring the tech-
nology to bear.

Nolan Johnson: Can you foresee the additive 
process being as economical as subtractive in 
the future? Is it as economical already?

Brassard: Maybe it’s not about additive being 
as economical as subtractive, but rather what 
new opportunities are opened to migrate a 
shop toward a more profitable business. Sure, 
there are cost tradeoffs between subtractive 
and additive manufacturing. There are the cap-
ital costs of upgrading a factory, consumption 
of specialized chemistries and direct materials; 
it really depends on how the additive technol-
ogy is applied in product realization.

For instance, a designer may take an existing 
design that needs to drop from 75- to 55-micron 
traces to achieve the desired fanout for a high 
density I/O chip. Converting a couple of lay-
ers from subtractive to additive processes will 
allow this, but it’s going to be a pure cost adder 
because nothing else about the design changed 
to take advantage of the economy of scale that 
additive can achieve.

On the other hand, taking full advantage 
of the small scales of copper traces and fea-
tures that additive can achieve, designers can  
meaningfully reduce cost by reducing board 
size, eliminating layers, and running fewer 
lamination cycles. If a standard 18” x 24” 
panel originally fit six parts, the new smaller  
board may fit 80 parts. Dividing the panel  
cost by 80 rather than six results in per part 
cost savings. 

This scenario adds cost for additive, but 
removes cost by reducing size, layers, and 
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cycles, and the panel is cut up into a greater 
quantity of parts—like how components have 
been miniaturized to reset profit margins by 
getting more parts out of the same materials. 
The result is cost savings and a reduced form 
factor that may benefit the final system in 
which the final PCBA is placed.

Johnson: I have a similar question regarding 
operating costs for an additive line: Can you 
see that reaching parity with subtractive in the 
future at some point? 

Brassard: As Meredith indicated earlier, we  
do not have a separate factory where we’re 
doing additive manufacturing. Ninety percent 
of the processing that we do for an additive 
board is identical to what we do for a subtrac-
tive board. In some cases, we will realize the 
traces by etching and in other cases we’ll grow 
the traces. 

LaBeau: You’re going to have some capitaliza-
tion costs, but I don’t think your operating 
costs will change that much by the time you 
get it into a production environment.

Brassard: There are challenges to overcome 
in learning additive manufacturing. Like any-
thing new, it’s about many iterations, and 
learning from each failure and success. Many 
iterations and working with amazing engi-
neering teams at OEM and supply chain part-
ners. Being a few years into the process, Cal-
umet Electronics has gained the know-how. 
Next, it’s scaling capacity to start meeting 
some of the needs of the domestic market. 
Calumet is exactly the type of small business 

that the DoD wants to be strong and thriv-
ing in the defense and commercial markets. 
The DoD would like to see many PCB shops 
with high technology manufacturing capabil-
ities to provide redundancy, reduce risk, and 
reduce cost through competition. But I’ll say 
it again: the U.S. government and DoD need 
to help “jump start” the U.S. electronics man-
ufacturing industry, and not just the chips, 
but the entire ecosystem.

Matties: Some of the partnerships with the 
OEMs come in, and they fund a lot of this. Are 
you seeing that co-op?

LaBeau: Not at the level we would like to see 
just yet.

Brassard: Nothing gets the attention of OEMs 
like supply chain shortages or disruptions. As 
demand continues to increase for complex 
technologies to be produced in the U.S., the 
urgent need may drive more and better fund-
ing opportunities. 

Matties: I’ve seen in the past where they have 
funded equipment.

LaBeau: Well, they can, but often a shop can 
only use the equipment on the OEM’s work. 
This is not especially helpful in building a 
strong shop. Perhaps it’s more effective at a 
larger scale.

Matties: Thank you both for your time. This has 
been great.

LaBeau: We are always happy to support 
knowledge growth in the industry; thank you 
for having us.

Brassard: Thank you. Always a pleasure.  PCB007

There are challenges to 
overcome in learning 

additive manufacturing. 
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IDC Expects Internet of Things 
Spending in Asia Pacific to Reach 
$437 Billion in 2025 E
Asia Pacific spending on Internet of Things 
(IoT) will expand by 9.6% in 2021, accelerating 
from 1.5% in 2020. The latest release of IDC’s 
Worldwide Semiannual Internet of Things 
Spending Guide indicates a gradual growth of 
IoT market in the region across the forecasted 
years (2021-2025) and is expected to reach 
$437 billion by 2025 with a CAGR of 12.1%.

Qualcomm Collaborates with SB Tech-
nology, Cybertrust Japan to Proliferate 
Smart Cities, 5G IoT Solutions E
Cybertrust Japan Co., Ltd., SB Technology 
Corp., and Qualcomm Technologies, Inc., 
announced they intend to collaborate to sup-
port the deployment of smart solutions through 
the Qualcomm IoT Services Suite offering to 
help businesses and entities looking to adopt 
and integrate smart solutions initially in Japan, 
with intent to expand globally in the future.

The Future of Tech: 2022 Technology 
Predictions Revealed E
The IEEE Computer Society (IEEE CS) has 
unveiled its annual Technology Predictions, 
addressing the long-lasting influence of the 
pandemic on tech advancements, as well as 
introducing new fundamentals and antici-
pated trends shaping the industry for 2022 and 
beyond.

China’s Share of Global Chip Sales 
Now Surpasses Taiwan’s E
Global chip sales from Chinese compa-
nies are on the rise, largely due to increasing  

U.S.-China tensions and a whole-of-nation 
effort to advance China’s chip sector, includ-
ing government subsidies, procurement pref-
erences, and other preferential policies.

Stanford Engineers, Physicists 
Study Quantum Characteristics 
of ‘Combs’ of Light E
Unlike the jumble of frequencies produced by 
the light that surrounds us in daily life, each 
frequency of light in a specialized light source 
known as a “soliton” frequency comb oscillates 
in unison, generating solitary pulses with con-
sistent timing.

Survey: CEO Optimism 
Hits 10-year High E
In a recent survey, CEOs indicated they are 
the most optimistic they have been in 10 years 
about the prospects for a stronger economy in 
the coming year. More than three-quarters of 
CEOs, 77%, predict the global economy will 
improve, while only 15% expect worsening 
conditions.

Georgia Tech Wins Commerce 
Department Grant to Develop AI 
Manufacturing Economic Corridor E
The Georgia Institute of Technology was 
awarded a grant from the U.S. Department 
of Commerce’s Economic Development 
Administration (EDA) as part of its $1 billion  
Build Back Better Regional Challenge.  
Georgia Tech is one of 60 entities to be  
awarded funding to assist communities nation-
wide in their efforts to accelerate the rebuild-
ing of their economies in the wake of the  
pandemic.
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Introduction
Good leadership always makes a difference; 

unfortunately, so does bad leadership. This 
leadership truth continues as we will be talking 
about laws 15 and 16 of the 21 Irrefutable Laws 
of Leadership, devised by John C. Maxwell.

The Law of Victory
Great leaders are committed to victory and 

make things happen, period. To make this 
point I would like to borrow a lesson from 

Leadership 101—The Laws of 
Victory and Momentum

Genghis Khan in my book Notorious: Busi-
ness Lessons from History’s Most Ruthless 
Leaders. Khan was a brilliant military strate-
gist that built the largest land empire in his-
tory in the 12th century. No matter what you 
think of him, the man knew how to win. 

Lesson seven in the book is “Lead from the 
Front.” One of the most enduring mantras in 
leadership is “Never ask a follower to do some-
thing you are not willing to do yourself.” That 
certainly applies here; people want to follow 
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a leader that is out front with his sword drawn 
and not back in the tent (or in our case, one that 
sits in their office all day). Lead by example is a 
common thread throughout the 21 Irrefutable 
Laws of Leadership for a reason; it works. 

There are three parts to the Law of Victory 
that leaders need to embrace:

1. Unity of vision. No matter how talented 
individual team members may be, without 
unity of vision everyone is pursuing their own 
agenda. Look at any number of sports teams 
that woulda, coulda, shoulda based on the tal-
ent of their players but fizzled out with no clear 
direction.

2. Diversity of skills. Poor leaders build their 
teams with like-minded employees to them-
selves. Big mistake; groupthink is the enemy 
of success and stifles creativity. Diversity of 
knowledge, education, experience, personal-
ity, and strengths will always result in better 
decision making. 

3. Raising team members to their potential. 
This is another common thread and one poor 
leaders ignore. Poor leaders feel threatened by 
others with more knowledge, experience, etc., 
while great leaders want people smarter than 
themselves. Getting the right people on the 
bus is not good enough; getting them in the 
right seat is just as important.

The Law of Momentum (The Big Mo)
Momentum can be a leader’s best friend. 

Think of a train slamming into a 10-inch 
thick, steel-reinforced concrete wall starting 
100 feet away from a dead stop. The wall will 
stop the train. Now take the same train and  
same wall, only the train has been barrel-
ing down the tracks for miles at 70 mph; the 
train will smash right through the wall. That is 
momentum.

There are seven key facts about momentum:

1. Momentum is the great exaggera-
tor. When things are going well, momentum 
makes them even better. When things aren’t 
going well, momentum makes them seem 
worse. This is because when you have momen-
tum, you don’t worry about small problems 
and larger ones seem to work themselves out. 
Without momentum, even small obstacles 
seem insurmountable.

2. Momentum makes leaders look better 
than they are. When you’re winning, people 
are willing to overlook your shortcomings and 
forget about your past mistakes. The present 
and future are what matters.

3. Momentum helps followers perform bet-
ter than they are. When you’ve got momen-
tum, everyone is excited and motivated. As a 
result, the team plays better than expectations. 

The Law of Big Mo boosts every-
one’s success.

4. Momentum is more natural 
to steer than to start. An intrinsic 
part of the Law of Big Mo is that 
it’s hard to get going, but once 
you’re moving, you can control 
where it takes you.

5. Momentum is the most 
potent change agent. With enough 
momentum, any change is pos-
sible. People trust leaders with a 
proven track record and are willing 
to get on board with your vision 
once they see that you’re taking 
them in a positive direction.
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progress—and that takes the Law of the Big Mo.” 
—John C. Maxwell

Follow these guidelines and the Laws of Vic-
tory and Momentum and you will truly be sur-
prised at the results. Focus on enhancing your 
leadership skills to lead by example and the 
results will be epic.  PCB007

Steve Williams is president of 
The Right Approach Consulting. 
He is also an independent certi-
fied coach, trainer, and speaker 
with the John Maxwell team. To 
read past columns or contact 
Williams, click here.

6. Momentum is the leader’s responsibil-
ity. Creating momentum requires a firm goal, 
a good team, and motivation, all of which the 
leader must establish. It is your responsibility 
to initiate momentum and keep it going strong.

7. Momentum begins inside the leader. The 
Law of Big Mo starts with a vision that you must 
believe in. When you do, that belief becomes 
contagious.

“All leaders face the challenge of creating 
change in an organization. The key is momen-
tum—what I call the Big Mo. Just as every sailor 
knows that you can’t steer a ship that isn’t mov-
ing forward, strong leaders understand that to 
change direction, you first have to create forward 

Mike Vinson of Averatek discusses the latest in Averatek’s LMI to pattern copper structures on 3D objects 
including Rogers’ TMM® laminates and Radix™ Printable Dielectric, with Happy Holden.

Real Time with... IPC: 
Additive and Semi-Additive Manufacturing 

http://pcb.iconnect007.com/index.php/column/68/the-right-approach/71/
https://realtimewith.com/page/show/118/5060
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Additive, Semi-Additive, 
and Subtractive Fabrication

Introduction
Is seems the operative word today is additive 

circuit board manufacturing, or for that matter, 
additive for everything. It is true that the use of 
additive manufacturing technology has found 
its way into different industries. While there 
may be several advantages to adopting additive 
technology in various industries, one should 
take a step back and truly assess where we are 
today in relation to conventional and advanced 
printed circuit board technology. It makes 
sense to understand the differences between 
fully additive, semi-additive, modified semi-
additive (mSAP) and subtractive. In the end, 
there are several options available to the fab-
ricator and OEM to achieve high density and 
ultra-density circuitry to support higher end 
technologies, including IC substrates.

Overview
In my opinion, there is much confusion with 

respect to additive fabrication for printed cir-
cuit boards. Well over 45 years ago, there was 
full build (or “fully additive”) circuit technol-
ogy. One could employ a special pre-catalyzed 
substrate and build up the circuity with an 
electroless copper process. However, the cir-
cuitry would still need to be formed via sub-
tractive process. 

Predating the full build electroless process 
was the CC4 technology. A microroughened 
substrate was coated with a metal catalyst, 
then plated to 25-plus microns over an approx-
imately 24 hour period. 

With respect to advanced packaging, where 
designs require ultra-fine line interposers and 
substrates, achieving HDI designs that require 

Trouble in Your Tank
Feature Column by Michael Carano, RBP CHEMICAL TECHNOLOGY
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f ine-line interposers 
with sub 25-40 mm lines 
and spaces is severely 
challenged and perhaps 
near impossible to cre-
ate copper features with 
these dimensions. A fully 
subtractive process is 
where foil copper, plated 
copper, and even panel- 
plated copper requires 
a significant amount of 
copper to be etched. 
Along with undercut 
concerns, as well as the 
etch factor, one can see 
the limitations of such 
a process. Let’s review 
some of the options for 
fine-line and high-den-
sity applications.

Microvia technology 
appeared in the mid-
1990s to allow fine-pitch 
area array semiconduc-
tor packages to be sur-
face mounted. Now, microvia technology is 
used not only on the surface of the board, but 
also to interconnect to embedded devices—
both formed and inserted—and allow “any 
layer via” board construction for multilayer 
applications. The IPC Roadmap identifies 
where the proficiency within different global 
locations impacts processing operations. There 
are not many technical issues between geogra-
phies, but they can be significant. Sometimes 
the technical variation deals with what is more 
prevalent in portable devices produced around 
the world. Since a fair number of products are 
produced for semiconductor carrier applica-
tions, the metrics on rigid interconnections 
reflect Japan/Asia/Europe capabilities. 

Build-up Film (Ajinomoto)
The ABF process from Ajinomoto has  

taken hold in the high density and ultra-high 

density circuit designs. The process utilizes 
a dielectric film that then is metalized with a  
thin deposit of electroless copper. The ABF 
film is prepared prior to electroless copper by 
chemically roughening the surface (Figure 1).  
A brief overview of the process is detailed in 
Table 1.

Resin Coated Copper (RCC)
Of course, there are other options as well. 

The following process uses a material known 
as RCC or resin-coated copper (Table 2).

RCC has been on the market for over 
two decades. The dielectric resin is coated 
onto a copper foil and does not contain any  
glass. While the un-reinforced resin works  
well with laser via formation, the RCC does 
tend to “move” somewhat more than rein-
forced resins.

Figure 1: Via formation and film roughening prior 
to metalization. (Source: Ajinomoto)
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Controlled Surface Etch
A less popular method (controlled surface 

etch or copper thinning) starts with one-half or 
one-ounce foil and thins the copper to a lower 
thickness via etching. As an example, one can 

reduce one-half ounce copper foil layer to one-
quarter or one-eighth ounce through cupric 
chloride or alkaline etching. This seems easier 
than trying to work with super thin foils from a 
handling perspective. An advantage of copper 
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thinning is that one has excellent adhesion of 
the copper to the C-stage laminate. 

A version of the process is shown in Table 3.

Emerging Technologies
There are several new processes gaining 

interest for HDI and ultra HDI. These include 
SAP type processes using liquid metal inks and 
other types of seed layer for enabling of metal-
ization of the substrates, with the ultimate goal 
of achieving sub 1 mil lines and spaces.

In a future column, I will present additional 
insight into these newer processes along 
with the advantages for the printed circuit 
designer.  PCB007

Michael Carano is VP of technol-
ogy and business development 
for RBP Chemical Technology. 
To read past columns or contact 
Carano, click here.

.
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My Tech Talk #4 was about SAP technolo-
gies. I also introduced the IC strategies of het-
erogeneous integration. But even Karl Dietz’s 
Tech Talk column wrote about advanced board 
technologies for IC interconnections many 
times from 2000 to 2010.1,2 

Introduction
The expansion of IC functionality usually 

progresses with the shrinking of IC geom-
etries, called “Moore’s Law” after Gordon 
Moore who first coined the phrase. But now 
that geometries are below 5 nm, the costs and 
difficulties are creating a barrier to much fur-
ther advances. So, the 
solution seems to be to 
mix IC die on the same 
substrate as a system-
in-package (SiP) that 
is now called heteroge-
neous integration (HI). 

Heterogeneous 
Integration

The constant reduc-
tion in semiconductor 
transistor geometries has 
created a situation that 
appears less costly to 
break up very large-com-
plex dies into smaller 
dies and combine them 
with modular dies, now 
named chiplets, and tiny 

Advanced Boards for 
Heterogeneous Integration  

discretes on an organic substrate using these 
exceedingly small trace and spaces along with 
very tiny vias. Three architectures have become 
the most likely candidates to accomplish this 
task (Figure 1):

• Multiple IC die on a package substrate 
   using a PCB, glass, or ceramic material

• Silicon or glass interposer between the 
   die and package

• A small, embedded silicon bridge in the 
   package substrate that connects the 
   various die and discretes

Happy’s Tech Talk #5
by Happy Holden, I-CONNECT007

Figure 1: Vision of heterogenous integration packaging options 
favor these three architectures. (Source: ASM NEXX3)
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Multi-Chip Packages
The current conventional flip-chip is a ball 

grid array package (Figure 2). The structure 
is one or two layers of the additive Ajinomoto 
build-up film (ABF) on a traditional high per-
formance HDI core (1 + 2+ 1). New ABF pro-
cesses utilize a high-temperature RCC (usu-
ally polyimide) to permit higher temperature 
assembly processes5 (Figure 3).

Silicon Interposer
The increasing complexity of HI will add 

more functionality to these substrates and 
result in interposer modules (Figure 4) that 
will contain IC chips of various materials/ 
connections, embedded components, RF/
antennas, optical waveguides, and even energy 
storage.

Figure 2: Current double-sided molded ball grid array using ABF and high performance HDI. 
(Source: Semiconductor Engineering4)

Figure 3: New manufacturing process using ABF plus RCC. (Source: ABF Technical Report5)
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Embedded Multi-Die Interconnect Bridge
A third architecture has emerged with Intel’s 

proposal of using small silicon bridges (called 
EMIB) embedded in the substrate to provide 
the interconnect density of interposers while 
using the lower costs of package substrates 
(Figure 5).

Table 1 and Figure 6 compare the advantages 
and disadvantages of the three HI packages.

Table 2 and Figure 7 compare the materi-
als frequency performance. Glass used in LCD 
displays is considered a main candidate to 
replace silicon.

Figure 4: Silicon interposers have the advantage of CTE and density but with a higher cost for the TSVs. 
(Source: HIR Roadmap6)

Figure 5: The silicon embedded multi-die interconnect bridge (EMIB) provides traditional multi-chip 
package substrate with the die-to-die density of expensive silicon interposers. 

(Source: HIR Roadmap, version 2020, p. 10, Intel7)

Figure 6: Five characteristics of the three HI 
packaging alternatives. (Source: HIR Roadmap6)
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Challenges for PCB Fabs to Implement 
IC Packaging

There are around six to eight organic IC 
substrate fabricators in the world—all in Asia 
( Japan, Taiwan, Korea, and Malaysia). Cur-
rently, none are owned by China but that 
should change soon. All of these will migrate 
to making the HI substrates in high volume. If 
North America or the EU plan to manufacture 
the new HI substrates, several challenges will 
need to be overcome:

• Material: ABF or similar films with their 
specialized vacuum lamination equipment 
and surface preparations for additive Cu 
will need to be mastered

Table 1: The advantages and disadvantages of the three HI packages (Source: HIR Roadmap6)

Table 2: Geometries and characteristics of 
materials for alternative package substrates. 

(Source: HIR Roadmap6)

Figure 7: Frequency performance of the three 
packaging alternatives. (Source: HIR Roadmap6)
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• Costs: Labor intensive back-end processes 
will need to be minimalized or eliminated 
(this has caused other N.A. IC substrate 
fabs to close)

• Assembly: Currently, there are no high-
volume OSAT semiconductor assemblers 
in N.A.; these will have to be established

• Customer support: Customer consulting, 
modeling, and engineering interfaces  
will need to be added

• Test: Testing HI substrates will be  
specialized and needed tooling will have  
to be established

• Co-design: It will have to be determined  
if the HI substrate fabricator will need to 

be capable of EDA design and modeling 
similar to today’s IC packaging and OSAT 
vendors

The complete list of challenges can be seen 
in Table 3.

Conclusion
The search for packaging solutions for the 

emerging heterogeneous integration sys-
tems has just begun. Its foundations will be 
the FCBGA, silicon interposer, and 2.5D 
packaging solutions in use today, but with 
more emphasis on lower cost, higher perfor-
mance, and geographic availability. Figure 8  
shows the Intel concept of their EMIB and  

Table 3: Challenges for implementation.
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Foveros technologies to create the high-den-
sity solution required for next-generation 
products.

The best projections for the PCB fabrica-
tion industry for the next five years are that 
the highest growth will be for high-density 
boards of HDI (6.8%) and chip substrates 
(9.7%) as seen in Table 4 from the IPC Report, 
“North American Advanced Packaging Eco-
system Gap Assessment,” available free from 
the IPC8.  PCB007
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Feature Interview from IPC APEX EXPO 
by Barry Matties, I-CONNECT007

The technology isn’t new, but as Víctor 
Lázaro Gallego, technical director at Chemp-
late Materials, describes to Barry Matties, it’s 
the application of a heat technology that is 
making waves for its efficiency.

Barry Matties: You are the creator of the Indu-
Bond Press System. Tell me about that.

Victor Lazaro: The unique thing on this press 
is not the press itself, but a unique way to cre-
ate the heat that is needed for the lamination 
process. We don’t heat like the traditional sys-
tem does, which is basically indirectly, through  
hot oil, heaters, or steam. We heat the sepa-
rator plates directly using electromagnetism 
induction.

Matties: We’ve been following this technology 
and we’re well aware of it, first hearing of it 
from Alex Stepinski. And, we’ve done an inter-

The Novelty 
of the 

InduBond 
Press System

view with Sunny Patel at Candor, who has his 
installed now, correct?

Lazaro: Yes, correct.

Matties: What really caught my attention is the 
efficiency at which this unit operates. The heat-
up time is instant, essentially. You also have the 
ability to cool your panels in the same press, 
because you don’t have to worry about the 
heat-up time, which allows for a higher quality 
product. Overall, the cost to run this is quite 
low.

Lazaro: Yes, it is very low. Actually, I’m glad 
you mentioned the efficiency because this 
technology is heating just the mass that needs 
to be laminated, which is just the panels and 
the plates above and below on the press tack. 
The big efficiency came from the fact that we 
are not heating up the giant masses that are the 

Víctor Lázaro Gallego
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platens in the standard presses, and the platens 
mechanically are connected to the frame itself.

In this scenario, we have, let’s say, 10 tons of 
steel that are being indirectly heated up to then 
transfer this energy to the panels. Our effi-
ciency ratio is equal to the times less of a mass 
that you are heating up, so our package is being 
heated up directly by the induction, but we are 

not heating up the big masses of 
the platens; not the press, not 
the room itself. We had calcu-
lations done and we are in the 
range of 70 to 80% savings in 
energy.

Matties: Is this a strategy to 
bring in a unit like this, make 
an investment, but ultimately 
lower their cost of lamination?

Lazaro: Yes, it is.

Matties: What ROI should they 
expect on this unit? Let’s talk 
averages.

Lazaro: It depends, of course, on 
the throughput and the kind of 
panels, but the ROI is between 
four to five years.

Matties: What sort of invest-
ment does somebody have to 
look at compared to a tradi-
tional press system?

Lazaro: Depending on the 
options and the size, this 
machine is in the range of 
$250,000 or $300,000. A simi-
lar system that occupies even 
more footprint, and needs the 
boiler for heating the oil, is in 
the range of $400,000.

Matties: So, they save on the 
money up front, of course. They don’t need a 
cooling press now also, correct?

Lazaro: Correct, because of the installation 
power. A company needs to have the line big 
enough to supply the power to the machine. 
Now this machine has one-third of the installed 
power.
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Matties: What sort of amperage circuit would 
they need on this?

Lazaro: In the range of 50 amps, compared to 
a 150-amp circuit in the conventional process.

Matties: Right. So, it draws considerably less. 
Now in terms of product quality, what’s the 
performance expectation? Are they going to 
get a higher quality product out 
of this press?

Lazaro: Yes. Every-
thing rests on the 
fact that we are not 
heating up the platen 
that then needs to 
transfer the energy 
from top and bottom 
to this press stack 
that is in the middle 
of the two platens. 
Here in this system, 
every single separa-
tor plate on the press 
stack heats up indi-
vidually at the same 
time. Now we don’t 
have a thermal lack or 
temperature delays. 
What you expect from 
this technology is a 
very similar thermal pro-
file on every single panel along the 
height of the press stack, so that gives you far 
more quality and repeatability.

Matties: How many installations do you cur-
rently have in the circuit board industry?

Lazaro: We introduced this technology first 
in 2019, and since then we have placed 14 
machines.

Matties: What is a buyer’s primary concern 
with this system?

Lazaro: It’s just the novelty, number one, 
because the benefits are so nice that it creates 
some skepticism at the beginning. But once 
the customer sees the potential and we show 
them the facts by maybe testing, like a recent 
customer in California, where we ran a face-
to-face comparison, they prove it to them-
selves. They ran 20 traditional panels on their 

press, and then they came 
to another company on the 

East Coast to run the same 
panel, same construc-
tion. They made a face-
to-face comparison, 
apples to apples, and 
came back with their 
report. We did noth-
ing other than run the 
test, and the results are 
fantastic.

Matties: Victor, thank 
you so much, and 
thanks for bringing 
this technology into 
our industry. It’s not 
new technology in 
terms of the induction 
side of it, it’s just the 
application and you’ve 

brought it to our indus-
try specifically.

Lazaro: Correct. The princi-
ple, the physics of the system, 

is probably 300 years old, since electricity was 
discovered, basically, but it’s just the applica-
tion, which is not trivial as it looks like. 

Matties: Great. Thank you very much.

Lazaro: You’re very welcome.  PCB007
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Nano Dimension Establishes First 
AME NanoLab Facility to Advance 
Multi-Layer Printed Electronics E
Nano Dimension Ltd. announced a collabora-
tion with TTM Technologies, Inc. to open its 
first AME NanoLab at TTM’s Advanced Man-
ufacturing Center in Stafford Springs, Conn.

Tikehau Ace Capital Enters Exclusive 
Negotiations for the Acquisition of 
the Group ELVIA PCB E
Tikehau Ace Capital has entered exclu-
sive negotiations to acquire 100% capital of  
ELVIA PCB, a specialized manufacturer of 
electronic printed circuits boards for demand-
ing markets, such as aerospace and defense, 
automotive, industrial, medical, railway and 
telecom.

BAE Systems Awarded $154M to 
Deliver Engineering, Technical 
Integration Services to U.S. Navy E
BAE Systems has been awarded a five-year 
indefinite delivery, indefinite quantity contract 
worth up to $154 million to continue support-
ing the U.S. Navy’s Naval Air Warfare Center 
Webster Outlying Field.

Ventec’s USA Facility Receives
AS9100-D & ISO 9001:2015 
Quality Certification E
Ventec International Group is pleased to 
announce that its U.S. facility in Fullerton 
(CA), is now certified according to AS9100 
Revision D and ISO 9001:2015, the quality-
management standard for the aviation, space, 
and defense industries.

Real Time with… IPC APEX EXPO 2022: 
Blackfox Mixes It Up with Training 
Opportunities E
Andy Shaughnessy speaks with Jamie Noland, 
master IPC trainer and marketing manager for 
Blackfox, about current and upcoming train-
ing opportunities and what you can expect 
from them at the show. Blackfox has expanded 
its offerings to reach a wider audience, includ-
ing some very basic classes for beginners.

Lockheed Martin Achieves First Ultra-
Secure, IIoT-based Smart Factory With 
IPC-CFX, Aegis’ FactoryLogix E
Aegis Software announces that Lockheed 
Martin’s Lufkin facility has connected key 
SMT machines of all types using the IPC-CFX 
standard, providing IIoT data for Aegis’ Fac-
toryLogix MES platform in a single standard 
language, contextualizing accurate, timely, 
detailed data into smart manufacturing values, 
all in a highly secure environment.

Calumet Electronics Earns IPC-1791 
QML Recertification E
Calumet Electronics further positions itself as 
an industry leader in printed circuit board and 
IC substrate engineering for the defense indus-
try with its recent IPC-1791 Qualified Manu-
facturers Listing (QML) recertification.

ANGELS Nanosatellite Celebrates 
Second Anniversary in Orbit E
On December 18, 2019, Arianespace launched 
a Soyuz rocket from the Guiana Space Center, 
Europe’s Spaceport in French Guiana (South 
America).

http://milaero.iconnect007.com/index.php/article/130590/nano-dimension-establishes-first-ame-nanolab-facility-to-advance-multi-layer-printed-electronics/130593
http://milaero.iconnect007.com/index.php/article/130555/tikehau-ace-capital-enters-exclusive-negotiations-for-the-acquisition-of-the-group-elvia-pcb/130558
http://milaero.iconnect007.com/index.php/article/130359/bae-systems-awarded-154m-to-deliver-engineering-technical-integration-services-to-us-navy/130362
http://milaero.iconnect007.com/index.php/article/130599/ventecs-usa-facility-receives-as9100-d-iso-90012015-quality-certification/130602
http://milaero.iconnect007.com/index.php/article/130417/real-time-with-ipc-apex-expo-2022-blackfox-mixes-it-up-with-training-opportunities/130420
http://milaero.iconnect007.com/index.php/article/130436/lockheed-martin-achieves-first-ultra-secure-iiot-based-smart-factory-with-ipc-cfx-aegis-factorylogix/130439
http://milaero.iconnect007.com/index.php/article/130510/calumet-electronics-earns-ipc-1791-qml-recertification/130513
http://milaero.iconnect007.com/index.php/article/130320/angels-nanosatellite-celebrates-second-anniversary-in-orbit/130323
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Feature Article by Happy Holden
I-CONNECT007

For North America, there is a growing need
for more ultra-high-density HDI capability. 
Some of the reasons for the slower adoption of 
SAP/HDI fabrication may rest with two obsta-
cles: Subtractive processes have difficulty as 
they approach 50-micron traces and spaces 
(0.002”), and it is not clear what the total sys-
tem acquisition costs will be for ultra-HDI.

Introduction
As PCB geometry begins to require 

50-micron traces/spaces, subtractive pro-
cesses start to have yield and imaging prob-
lems. Semi-additive processes (SAP) are the
chemical processes that are used for these
applications. My column in the January issue
of PCB007 Magazine outlines the various SAP
processes used by our industry. The other fac-
tor is the uncertainty in how much ultra-HDI
is going to cost. This forms a real obstacle for
implementation of SAP. One reason may be the 
absence of density metrics. Performance mea-
sures are needed for the difficulty to assemble
surface-mounted components with fine-pitch;
the amount of density required on the printed
circuit to mount all these fine-pitch devices in
the area provided.

In my opinion, the primary goal for PCB 
development process engineers is to imple-
ment new customers’ new products and/or 
new processes as part of expanding the busi-
ness. As Figure 1 shows, implementing new 
technology is an “S-shaped curve.” Lastly, it 
supports a strategic plan that the owners or 
the CEO have in terms of what is the long-term 
goal that you can constantly be working on. 
Risk reduction is one of those tasks.

PCB Adoption of Innovations
Risk Reduction

Although the rewards for ultra-HDI or 
an SAP process are very concrete, the PCB 
designer may be more focused on the risks. 
In the development process, the risks to the 
customer need to be articulated and adequate 
solutions developed that allow the rewards 
(higher density) to tip the scales in favor of its 
adoption (Figure 2).

This was true for me in popularizing HDI 
in the late 1980s. Hewlett-Packard had devel-
oped laser drilling because of a need for low-
inductance blind vias on its Finstrate COB in 
1982. Publications about the technology in the 
HP Journal and at the IPC Technology Forum 
interested some OEMs like Siemens and IBM, 
but many OEMs had a “wait and see” atti-
tude. It was not until HP proposed an alterna-
tive design to a new device called the “cellular 

Figure 1: Adoption and innovation of new products 
and processes provides the opportunity for growth 

and rapid profit creation; PCBs contribute to this 
end. (Source: 24 Essential Skills for Engineers1)

http://pcb.iconnect007.com/index.php/column/95581/happys-tech-talk/#130579
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phone” in 1993, that Japan jumped on HDI for 
mobile phone boards.

The risk reduction process as seen in Figure 3  
is an important aspect in the roll-out of  
innovative technologies.

Re-design Report
At HP, a mobile phone customer came to us 

for advice on their new phone board, as we had 
over 20 years’ experience miniaturizing the 
hand-held calculator. Their board was unique; 
it was seven layers with unbalanced construc-
tion and three sub-component plated-through-
hole boards laminated by an autoclave. I wrote 
a design report where our first proposal was 
to use controlled-depth blind vias by drilling 
and annealing to reduce the warpage. But the 
second proposal was to employ our new laser-

Figure 2: The rewards do not balance the risks 
unless the risks are removed.

Figure 3: A general model of system intervention strategy. (Source: 24 Essential Skills for Engineers)
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drilled blind vias, finer lines, and stud-bumped 
flip-chip for the IC. All this could be done in 
four-layers and at one-quarter the size.

These three alternatives are shown in Fig-
ure 4. The four-layer option was too radical for 
them, but the blind-via option turned out to 
work very well and was adopted. Later, the Jap-
anese followed the miniaturized-HDI option.

We built samples of the two options, with 
two versions of the HDI option: one in rigid 
FR-4, the other in polyimide flex. The remark-
able feedback was, “Can we keep these for test-
ing? Our R&D says the HDI boards are not 
possible to build.”

IPC-2315 HDI Design Guideline 
The design report on the HDI alternative 

proved to be so successful that an IPC subcom-
mittee was formed to create a new document, 
the IPC-2315 HDI Design Guideline. This was 
first published in 2000 and the committee was 
comprised of interested OEMs, PCB fabrica-
tors, and interested suppliers. The guideline is 
still available today, with updates and the coop-
eration of the JPCA.

Density Modeling
If the goal in using ultra-HDI is to take advan-

tage of its density reduction capabilities, then 
the use of density models in the design report 
or new design guideline is appropriate. These 
models can help calculate the density improve-
ment and size or layer reduction with using finer 
traces and spaces from ultra-HDI design rules. 
If the board has already been designed, then 
the CAD system can report on the “Manhat-
tan distances” of the traces on each layer. Mea-
suring the total routed area on each layer will 
give you the centimeter per square centimeter 
metric to calculate what the size would be for 
ultra-HDI routings. If the boards have not been 
designed yet, then there are seven wiring mod-
els that I have used and studied2 and the one I 
favor is the statistical wiring model by Coors, 
Anderson, and Seward of the Colorado School 
of Mines (Figure 5).                  

Where Do You Start?
Between 2000 to 2010, I recommended to 

OEMs and fabricators that they should not 
jump into using HDI until some preliminary 

Figure 4: The three different constructions and two size options for the new cellular phone in 1993.
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steps were undertaken. These four steps were 
(Figure 6):

1. Educate yourself on this new SAP  
technology and familiarize yourself with your 
fabricator’s capability. 

2. Create a test vehicle that permits reliabil-
ity testing and can answer new questions 
about design rules and materials.

3. Redesign one of your most recent HDI or 
multilayer designs using the new ultra-
HDI design rules you have been testing. 

Figure 5: CSM’s density modeling algorithm2.

Figure 6: Four steps on how to get started when risks are visible.
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Do not move any of the part placement  
so that any samples can be assembled for 
further testing.

4. Once you have accomplished these three
steps, then codify the design process and
look for opportunities for new products
or designs.

Figure 7 shows one such OEM’s report on 

using this four-step process and design report 
to get into using HDI in their products.  PCB007
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Feature Interview by Barry Matties 
and Nolan Johnson
I-CONNECT007

Barry Matties and Nolan Johnson talk with 
Alex Stepinski about strategies to lower costs 
in brownfield facilities. Alex has extensive 
experience designing and optimizing manu-
facturing processes and is currently helping 
companies implement straightforward step-
by-step solutions to move into smarter manu-
facturing across different industries.

Barry Matties: Alex, brownfield factories are 
stuck with space limitations and automation 
is a challenge. What could be a different way 
of thinking about a brownfield site and why it 
makes sense? 

Alex Stepinski: First, I want to address a funda-
mental bias. Many people associate me with the 
greenfield sites that I’ve architected over the 
past years, and which became an Industry 4.0 
example in the United States. It’s not because 
that was the only way to do it, but because that 
was the business case. The business plan at the 
time was to build new facilities for OEMs that 
didn’t have any PCB fab capabilities.

Brownfields do not follow the same plan to 
implement Industry 4.0. The investments to do 
so can be done over a longer period based on 
available monies and can be done to address 
the biggest opportunities first. I think there’s a 
little bit of a roadmap that any brownfield can 
follow. 

The first step is serializing your products, 
and there are many options to do this. The best 
ones, in my experience, are laser based, using 
lasers from some of the sensor suppliers in the 
market, and many of the suppliers can inte-
grate this for you into a piece of equipment so 
you don’t have to increase your footprint. It’s 
probably one of the only things that you might 
need to add. It doesn’t increase your footprint.

Once you serialize your products individu-
ally, then everything turns into a sensor-and-
software problem, and this doesn’t add to the 
footprint in most cases. Industry 4.0 is about 
correlating data and making decisions based 
on interpolations of data, doing regressions, 
and things like this. It’s not advanced artifi-
cial intelligence. Advanced AI in business is 

Alex Stepinski: 
Taking Control 
of Input Costs
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when you do image recognition, natural lan-
guage processing; this is the forefront right 
now, as well as very advanced algorithms that 
are dealing with B2C sales, marketing analyt-
ics, self-driving, and so forth. This is where AI 
is focused because it is the biggest return. You 
can buy equipment that even has some of these 
features. You don’t have to touch the concept 
of AI.

But on the PCB and EMS side, it’s more “AI 
light,” or ”more-than-Excel algorithms.” Some-
thing we called just a normal algorithm 20 years 
ago is now called AI. It’s a sexy term. Robots 
aren’t taking over the world any time soon. 
The fundamental things to do in a brownfield 
to tease out value from a planning perspective 
is just a step-by-step approach, one process at 
a time.

It’s probably a one- or two-person engineer-
ing job. You give them subject matter exper-
tise, availability, make sure they know how 
to do some basic coding, understand sensor 
options, and then they go process by process. 
What are some of the interpolations you can 
do? Well, just getting a time stamp. All you 
need is a photo sensor to know something 
went through the machine, and then you can 

also code at some point when it went through, 
when it came out. You could do this in one step 
or multiple steps.

The sensor kit for most processes is gen-
erally $5,000 to $10,000 per tool to get time 
and basic settings, and then you save their 
recorded data, which is just the serial number 
that you scanned, the times it went through 
the machine; you save it into a database. If you 
can pull the error codes by time out of your 
machine and put that in a data table, then you 
can correlate the two together and you can 
know something happened: “I heard an alarm 
while this panel was being processed.” Mak-
ing an API to your other systems adds further 
interpolations that can then lead to predictive 
recipes/decisions.

The first step is understanding what is and 
is not important and being able to make some 
basic interpolation. Take AOI, for instance. 
This is a measurement site in PCB fab. The AOI 
machine has a lot of information built into it. It 
has all the false calls that it saw, and it says how 
long it took to start and finish the job.

You can also code information in there on 
the real defects and then take all of this, put it 
in the database, and correlate it to your serial 
numbers. When you test it later, you can corre-
late these serial numbers together and under-
stand the root cause of escapes; a lot of escapes 
happen because of poor AOI setup, opera-
tor errors, things like this, and it gives you an 
opportunity to improve your procedures in 
these areas to reduce scrap.

This is an interesting area of focus to get a 
good return because in a layer, shorts and opens 
are typically the defects that we scrap boards 
for. You can reduce the frequency. Addition-
ally, you have your use of regression in place 
of direct measurements. In PCB fab, for exam-
ple, there are a lot of legacy specifications to 
cross-section everything. And when you have 
no controls in the process, cross-section is the 
only option.

But if you add some very simple controls, 
you can avoid cross-sectioning just about 

Alex Stepinski
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everything. What are the simple controls? We 
get ideas from other industries. For instance, 
gravimetric measurement, or weight. Rather 
than chop up every panel to check the plat-
ing thickness, there are three things that you 
can do. Every circuit board shop has them. You 
need a scale, a CMI, and a CMM.

This is a great way to address legacy equip-
ment that doesn’t have a lot of controls. You can 
use some simple things in your factory to take 
measurements and not need a major upgrade 
where you only have one machine and it must 
be replaced, or you don’t have space to put a 
second machine next to it. That’s a big oppor-
tunity.

With a lot of the equipment, you can also get 
upgrades to get some better data collection to 
put into your database, and all this can be done 
with cloud computing. You just buy space as 
you need it and gradually scale up. The chal-
lenge with many brownfield sites is they have 
fully capitalized equipment kits, much of which 
is not suited for Industry 4.0. You can just add 
on some features, so it is suited because you 
don’t want to spend money on a brand-new 
machine for just a few added features.

Now, if something is extremely old, you 
haven’t maintained it, and everything is bro-
ken, then replace it. But if the equipment’s 
being maintained and you only need a few 
things, then just do the upgrades. That’s the 
approach for a brownfield. You start generat-
ing enough payback to do some new invest-
ments. 

Then you start to get the culture of adding 
sensors and collecting data. This is where we 
need to be in this industry. If you’re a process 
engineer and you can’t code, then it’s proba-
bly not for you. You need to take some classes, 
and if you’re not liking it, it’s not suited for you,  
and you need to hire somebody who can do it.

One of the challenges is this “missing gener-
ation” in our industry. There are a lot of gray-
beard folks who don’t code, and a lot of young 
folks who do, but they don’t have subject mat-
ter expertise. And there are few people in the 

middle, so this is the thing that needs to be 
overcome.

You need a team of subject matter experts, 
and you need the young folks so it’s a little 
more effort than if you had good demograph-
ics. In other places, it’s the more experienced 
engineers who have both skills, so you must 
create this bridge.

Nolan Johnson: It sounds like the goal is to go 
through a relatively simple implementation 
process in an existing factory to get the data 
needed to be more predictive, and use that to 
become even more efficient in the processes 
and reduce waste, thereby improving input and 
operational costs and giving you more control 
over what your input costs will look like. Is that 
correct?

Stepinski: That is absolutely correct. That’s the 
way forward in my opinion, because otherwise 
you’re leaving a lot of money on the table.

You can’t outsource these things economi-
cally, and here’s why. A printed circuit board 
shop is not an engineered factory. A brownfield 
is not an engineered factory; it’s an evolved 
factory. It’s more like an animal. Over decades 
you added equipment, the varying vintages 
and suppliers, with different chemicals and 
procedures from one shop to another—all this 
evolved by trial and error mostly over time.

A little bit of engineering, but mostly trial 
and error because they didn’t have PLM sys-
tems, or the tools do this in a different way. 

You need a team of 
subject matter experts, and 
you need the young folks 
so it’s a little more effort 

than if you had good 
demographics.
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Because of this, every factory is quite unique. 
If you call somebody and say, “Help me fix my 
factory,” you will get a standard solution which 
will be a lot more expensive than using your 
own small team to tweak this situation.

Johnson: The idea of the integration team you 
were speaking about makes a lot of sense.

Stepinski: I think that’s the right approach. I’ve 
seen how it’s done in different industries. I’ve 
gone to MIT to study Industry 4.0, and this is 
how people do it. It’s the most cost-effective 
way. In our industry, everybody is very sup-
plier-dependent, but the supplier is biased to 
get you to spend money on upgrading your 
equipment, and then you don’t really have 
Industry 4.0 because you blew your money on 
one or two pieces of equipment.

What’s better for the whole ecosystem is 
for board shops to have a process engineer-
ing team that does these processes step by 
step. Then you generate enough funding to do 
some significant investments that have a good 
NPV through the cash flows that emerge from 
these improvements. This is better for every-
body. It’s better for the suppliers and the board 
shops, and you have a more robust industry. To 
me, this is the best approach.

In PCB shops, there aren’t really any pro-
cessing engineers; they’re manufacturing engi-
neers in just about all PCB shops. They trou-

bleshoot problems with parts, deal with down-
time situations, and occasionally bring in a 
piece of equipment. Process engineering is 
implementing Industry 4.0, going ahead and 
making systems, collecting data, doing predic-
tive studies, and doing this without the sup-
plier as much as possible.

If you’re very reliant on the supplier, the sup-
plier is running your factory in their interests, 
not in yours. You must always have a balance. 
Working with suppliers is great if you can stand 
on the same footing as they are. A dialogue, 
a dialectic, is the best opportunity to create 
value. But when the supplier is much more 
knowledgeable than you are about all these 
things, it turns into a zero-sum agreement, the 
supplier wins, and you get something, but you 
left a lot of value on the table.

That’s my assessment. It’s about doing your 
own R&D. You just need a two-person engi-
neering team; you get them set up with some 
subject matter experts in the factory and go 
process by process. In a few years you’re fully 
Industry 4.0.

Johnson: So, you have process by process and 
start collecting the data to put into the data-
base. The first phase is collection. From there, 
you can start to track escapes, go back to find 
out what was going on in the processing of that 
particular part number that ended up being an 
escape, being a fault. I get that. But as you start 
moving, then what?

Stepinski: Then you can make very inexpensive 
changes to your procedures to address this, 
and you’re going to use some money emerg-
ing out of the factory system improvements for 
yourself to do further investments.

Johnson: Right. As we’re looking at phase one, 
how does that help in a practical sense to con-
trol your input costs or your process costs?

Stepinski: You must pareto your wastes. Where 
do you have the most waste? There are many 
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different types—overproduction, inventory, 
just scrap, cycle time, not meeting commit-
ments. You need to assess what you feel is most 
impactful to your business, and that’s what you 
target for your first project.

Industry 4.0 is based on engineered sen-
sors which, when combined with data science, 
allow the emergence of foresight to improve 
efficiencies. You put sensors on your equip-
ment and make simple control boxes—this is 
very easy stuff at the end of the day. Engineers 
coming out of school know how to do this, but 
they get thrown into a PCB shop with a bunch 
of dinosaurs, and slowly they turn into dino-
saurs themselves. Don’t let the Jurassic ecosys-
tem absorb them. Get them to focus on what 
they know best.

They shouldn’t be led by pre-existing biases 
about how things are done. Use their educa-
tion and give them information they need to do 
a better job of it. This is one of the challenges 
when you have senior people who don’t know 
this stuff. It creates a challenging dynamic to 
manage younger engineers who do know. You 
don’t want a situation where the young people 
are leading everything because they’re missing 
a lot of experience too.

It requires that the more seasoned folks take 
some online courses, something very common 
in different industries. They don’t become the 
coders, but they learn enough to manage these 
folks.

Johnson: I’m starting to imagine that a one- or 
two-engineer team is comprised of an elder 
manufacturing expert and a younger process 
expert.

Stepinski: It could be, or you have two pro-
cess people for redundancy who just poll the 
experts, just because one of the great risks in 
this data engineering data science is people get 
enough knowledge in a competitor, customer, 
or supplier, which then hires them. A big issue 
with the “AI space,” which is data engineering, 
data science, and analytics, is it’s very under 
serviced. There is a constant need for a hun-
dred thousand people to fill these roles. So, 
you must keep them happy, and be very care-
ful. There are many cases of companies losing 
their whole departments because they found a 
better opportunity.

Keeping your folks educated is not hard to 
do using online courses through Coursera, 
IBM, Google, and more. Everybody needs to 
spend a few hours a week learning (think old 
world apprenticeship). If you’ve been in the 
business for 30 years, you don’t have to learn 
how to code if you’ve never done it. But you 
can learn enough to say, “Hey, new hire, this 
is what we’re thinking from a scope perspec-
tive of how we want to approach this,” and lead 
them in the right direction. Then, they can take 
care of the details for you. That’s the most cost-
effective way to approach this, and everybody 
benefits.

At the end of the day, you free up more capi-
tal for investment, eventually new equipment, 
but at the beginning, it needs to be a home-
grown program.

Matties: We often hear that hiring is a great 
challenge to begin with, and labor costs for 
operators generally have gone up. When  
people think of lowering costs, they think of 
automation. But in a brownfield site, they’ll 
often say automation doesn’t fit in their fac-
tory. How does your strategy help lower labor 
cost?

They shouldn’t be led 
by pre-existing biases 
about how things are 

done. Use their education 
and give them information 

they need to do a 
better job of it.
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Stepinski: The first one to two years will be a 
little challenging. You can reduce your capital 
purchases and invest a little bit of this, or you 
could finance some of your capital equipment 
if you’re not doing it now, so you don’t have a 
spike in cost for the short term.

This is a proven approach in many other 
industries. But what’s missing is the general 
education of how to do this. While there are 
many resources online, people need to take 
the time. I’ve heard from many companies that 
implemented AI or Industry 4.0 that it’s impor-
tant the stakeholders in the organization com-
mit themselves to spending a couple hours 
a week reading, listening, or watching some-
thing to learn how the rest of the world does it.

Matties: Regarding direct labor cost, I’m 
understanding that if a metric is revenue out-
put per employee, then productivity will go up 
because of yields, throughput, and so on. What 
is the right measure for someone today to say 
we want to reduce our labor cost by whatever 
the X happens to be for them, without neces-
sarily getting rid of people? Because like I said, 
they don’t see where they can bring in an auto-
mated line especially in a brownfield site.

Stepinski: I think this is an old idea where you 
say, “I’m going to automate the factory, so I 
don’t need any labor in a brownfield. Alex built 

a brand-new automated factory; boy, we wish 
we had that because we wouldn’t need so much 
labor.” That’s not the way to look at it.

There are challenges as boards get more 
complex and there is a tendency for human 
error the higher the complexity gets in PCB 
manufacturing. No matter who you have, they 
will make errors. Some make less than others, 
but as you add steps to build the boards, it gets 
more complex. You’re fighting this all the time.

It’s getting more difficult to find direct labor. 
In the near term, you say, “Hey, I really need to 
upgrade all the equipment in my shop. I can’t 
afford to do it, so the first step is to make things 
as efficient as possible to free up capital so I can 
go and do it in a systematic way over the next 

few years.” 
You need to have a strategy, which 

should be to refresh the equipment 
kit so that you are not so dependent 
on your experienced operators, more 
dependent on your systems and pro-
cesses, and you develop a body of 
knowledge on how to manage that pro-
cess. Once things are documented, you 
can tolerate higher rates of turnover 
in these situations. You’re not going 
to have trouble finding direct labor to 
work in your sloppy place because it 
won’t be sloppy after all this is done.

I’ve been hearing the same excuses 
for many years, now that I was doing 

these past projects, and anyone who started 
this when I built my first factory at Whelan, 
they’d be finishing up right now, and be very 
happy. And they wouldn’t have spent very 
much money at all. Upskilling the workforce 
is the key, the ones who can provide the most 
value right away, making sure all the stakehold-
ers are knowledgeable on how to do this, and 
not trying to hire a supplier or hire a company 
to do it all for you. That’s very expensive.

Matties: The takeaway is to become a process-
oriented company that relies on systems rather 
than people.
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Stepinski: Yes. Most PCB shops have an ERP 
system, but you need to go a step further. You 
need to get an MES system. The cost is typically 
$500–$2000 per user for an annual license. It 
will do all your correlations for you. You don’t 
need to do too much, just add sensors and put 
in measurement plans. There’s not much to it. 

But how many PCB shops in America have 
MES systems? It’s not something they do. The 
more advanced facilities overseas already have 
this. You take it a step further and you get a 
product lifecycle management (PLM) system 
to manage your NPI process for you, so you 
can group products into families and have a 
predetermined engineering process for how 
you do things, so you’re not just doing trial and 
error all the time on new products.

You can have more predictive results that 
you’d be able to extrapolate, “I’m taking this 
order. It’s got these conditions.” You have an 
MES system, a PLM system, it automatically 
tells you it’s not going to make it by the date 
you committed. It’s going to be four days late, 
for example, or it’s going to be four days early. 
But you must use a system like this to know 
this. There are a lot of complexities and no one 
person knows all the constraints in the factory 
at any one time, unless it truly is a mom-and-
pop shop.

That’s the approach, but we are really late to 
the game. These tools have been on the market 
for years now. Other very complex industries 

have adopted it, but PCB is just behind in this 
area for whatever reason. 

Johnson: How do you make that leap from cap-
turing the data with the sensors, looking at your 
error situation, and then moving into a more 
predictive system? You started making the 
point that by using your systems, over time you 
could start to predict things like the expected 
weight of a new part number as it goes through 
the process. How do you get from data collec-
tion to using that to predict and then check 
against those predictions?

Stepinski: The CAM software systems on the 
market have the tools built into them to tease 
out the key input variables that you need to 
correlate to the data. You take this information 
and build your correlations, your regressions—
whether they’re linear or nonlinear, it’s imma-
terial—and then you have equations based on 
simple correlations that you can use to predict 
your recipes. It’s very straightforward.

Johnson: Alex, phase one is setting up sensors 
and collecting the data. And if phase two, for 
example, is starting to be able to do predictive 
work using that data, is there a phase three?

Stepinski: Phase three is now you’ve made your 
efficiencies such that you can do more. Now, 
what does “more” mean? Once you learn how 
to do your own process engineering instead of 
outsourcing it to the suppliers, which is what 
I would say is being done right now and it’s 
encouraged even by ISO to do things like that, 
use your suppliers for everything.

I think you need to have native capabili-
ties to do this kind of work, and then you can 
take on bigger Industry 4.0 projects. Do that 
by partnering with suppliers now that you’re 
on a stronger footing with them so you’re not 
doing zero-sum discussion so there’s value cre-
ation happening. You can also just take on big-
ger R&D projects, add a couple people to your 
team, and do bigger things yourself.

There are a lot of 
complexities and no one 

person knows all the 
constraints in the 

factory at any one time, 
unless it truly is a 

mom-and-pop shop.



ELECTRONICS 
WORKFORCE 
TRAINING

2/3 of electronic  
industry companies  
have difficulty finding  
production workers.1 

Upskill Your  
Employees with  
IPC Electronics  
Workforce Training

VS

BUILD A BETTER  
WORKFORCE

IPC Electronics Workforce Training delivers 

the fundamental electronics and wire harness 

manufacturing knowledge critical to the success of 

engineers and operators. Scale consistent training 

across your organization.

See our current course listing on training.ipc.org.
Courses can be offered directly to employees or integrated into your training programs. 

1 IPC. (2017). Findings on the Skills Gap in U.S. Electronics Manufacturing. 

• Electronics Assembly for Engineers 

• Electronics Assembly for Operators

    - IPC-A-610 for Operators

    - IPC-J-STD-001 for Operators

 • Wire Harness Assembly for Operators

https://training.ipc.org


94    PCB007 MAGAZINE   I   FEBRUARY 2022

All the developments that I did in our first 
factory at Whelan were internal. The wastewa-
ter technology, unique processes, and every-
thing, that was just time—measuring things, 
breaking things out, analyzing them and hav-
ing the time to do that. Process engineering 
should be independent of the manufacturing 
group. In the U.S. PCB shops, it’s not the case. 
It’s part of the manufacturing group. It’s not an 
independent group that just does process engi-
neering and development.

They’re just working on parts all the time. 
There aren’t enough people to get things done. 
This is really the challenge. You must staff it. 
You do that either with adding people or kill-
ing people with hours if it’s a family business, 
I guess.

Matties: Right. Well, part of it is capital. People 
say that there’s not a lot of profit left in circuits, 
and so it’s that chicken and egg thing. You have 
to commit to your future to invest the dollars 
today.

Stepinski: Barry, I think if you can improve your 
yields and reduce your cycle time, you can 
charge more for your product. First, people 
will tolerate that to some extent because you’re 
adding value. Second, you reduce your costs 
internally for wastes. It’s knowing up front the 
best way to approach it. You must analyze your 
existing organization and see where the weak-
nesses are. Ideally you do it by getting rid of the 
weaknesses, adding the talent, and paying for 
it that way. This is one way to approach it if you 
truly have not one penny to spend.

Matties: You must make your choices. I think 
the word you used earlier was culture. What 
you’re describing is, back from the 1980s, 
TQM or total quality management. The 
goal is to reduce waste, and we have evolved  
tools to help us do that in ways that we didn’t 
have then. When we start looking at that, it’s 
about eliminating waste in every step of your 
process.

Right now, we’re talking about manufac-
turing processes, but when you look at total 
input cost, this attitude should be carried out 
through all your systems, sales process, and 
accounting processes, because you’re talking 
about a culture of continuous improvement, as 
we’ve been talking about or defining.

Stepinski: I think we need to rest on the agile 
lean stuff that’s been done. Particularly, there 
are a lot of agile tools in the market that are 
very inexpensive that you can get out of the 
cloud and start setting up your different pro-
cess steps. You can do business processes with 
many different tools. ERP, for example, is for 
finance people. Manufacturing needs an MES 
system. Engineering needs a PLM system. This 
is what’s needed to make the whole package 
work. The finance people make the decisions 
when the margins are so low because it’s what 
it comes to at the end.

Matties: But as you’re talking about education, 
I also think there’s a level of training or educa-
tion of process improvement, generally logis-
tics and systems education, that needs to hap-
pen on a general level.
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Stepinski: The neat thing is there are so many
online resources for this, you can do it in your 
spare time. You can take systems engineer-
ing courses four hours a week for six months, 
and then you are pretty well versed in how to 
design complex systems. Many schools offer 
this, it’s inexpensive, and you can take all the 
coding overview courses. The key is being able 
to scope out a project. You don’t even need 
to do it yourself. You need one or two people 
hands-on in the factory to scope it out. But  
at the end of the day, you’re not necessarily  
the ones coding it. You just need to commu-
nicate to a freelancer. Try freelance.com or 
remote.com and hire somebody for a couple 
weeks for a project. They might even be on the 
other side of the world and could be extremely 
inexpensive.

Matties: A great way to invest dollars into your
company is to invest in people who will learn 
these skills like systems training and what 
you’re describing.

Stepinski: Exactly. Anybody can do it, but if you
don’t have any coding background, it’s going 
 to be a bigger learning curve and you must 
understand that. My approach would be if 
I had an existing factory, I would force the  
experienced people to learn X, Y, and Z, but not 
too much because they’re holding everything 
together at this point. I would bring on one 
or two people who have an easier time learn-
ing all this information, then you just develop 
your project scope documents and outsource 
it for cheap money. It might cost a couple  

hundred dollars to outsource some of these 
things. That’s it.

Matties: For a manager, they don’t have to learn 
all the steps. They just have to learn what’s pos-
sible and practical for their application so that 
they can communicate based on understand-
ing what’s possible.

Stepinski: There are different levels of ma gni-
tude. Right now, people think, “If you want to 
have Industry 4.0, you’ve got to buy a whole 
new factory.” And then some think you just 
need to buy a few machines. But if you spend 
a few hours a week reading something, you’re 
going to find that it costs hundreds to low thou-
sands of dollars to get the programming done, 
and you’re just going to buy a few sensors for 
hundreds and low thousands of dollars. You 
just need to have one or two people who can 
implement it. That’s all.

Matties: Was there any one thing, Alex, think-
ing back to as early as Whelen or perhaps 
before or currently, in terms of a book or some-
thing that really changed your thinking that 
someone could go read or any other sources 
that you would recommend?

Stepinski: I would recommend System Architec-
ture: Strategy and Product Development for Com-
plex Systems, by Bruce Cameron, Daniel Selva, 
and Edward F. Crawley. Another good one is 
Industry 4.0 for SMEs: Challenges, Opportu-
nities, and Requirements, by Dominik T. Matt, 
Vladimir Modrak and Helmut Zsifkovits.

Matties: Okay, great. Thank you.

Johnson: This has been very insightful learning 
how an existing facility can move toward Indus-
try 4.0 while gaining additional control over 
input costs, all without a lot of expense!  PCB007

This interview originally appeared in the February 
2022 issue of SMT007 Magazine.

The neat thing is there are 
so many online resources 
for this, you can do it in 

your spare time.
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Article by Clyde Coombs

A story went around Hewlett-Packard in 
1961 that when Dave Packard looked inside 
a newly designed transistorized electronic 
instrument, he was surprised, even shocked, 
to see—instead of wires—a motherboard and a 
row of printed circuit boards. Given a very bad 
corporate experience with single-sided boards 
a couple years earlier, printed circuits had a 
very bad reputation for quality and reliabil-
ity, not only at HP, but in electronics generally. 
However, Dave (as he preferred to be called) 
realized that the size of the transistor, and the 
number used in the instrument, required this 
“new” interconnection technology, and that 
was alarming. So, he asked if there was any-
body in the company who actually knew about 
printed circuits. That was how I first met Dave 
Packard.

When the “transistor revolution” started in 
the 1950s, HP was one of the earliest non-con-
sumer companies to design products using this 
new technology. By 1960, all new HP products  

were being designed this way. One of the early 
“transistorized” products was a line of elec-
tronic “counters” that would become HP’s 
best-selling product for several years. This was 
the instrument that Packard was inspecting, 
and the future of the company was suddenly 
linked to these boards, like it or not.

Packard had a right to be concerned. The 
production problems of using printed circuits 
in HP products had not been thought out. HP 
engineers knew how to design these instru-
ments, but there was literally no thought given 
to how to assemble them. We couldn’t do the 
same things in the same way, only smaller. It 
was clear that we had to do some different 
things, and some things differently. But which 
was what?

While the extended argument at HP over the 
construction and fabrication of the board itself 
played out, there was an equally important and 
controversial issue of how to solder the assem-
bled boards. At the time, the electronics indus-
try had a long history of using rosin fluxes to 
avoid destructive conductive paths created 
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from post soldering residual material. It was 
feared that these conductive paths could eas-
ily develop, especially in humid environments, 
from acid flux residues. However, we could not 
see rosin fluxes used in our kind of mass pro-
duction.   

HP had actually started using acid fluxes with 
the introduction of eyelets, but that general 
process had also introduced reliability ques-
tions that had not been fully answered. The big-
gest issue with the use of non-rosin fluxes (usu-
ally acid based) was that they required a water 
wash. This brought up more concerns about 
moisture and acid flux residue being trapped 
under components and amplified the issues 
concerning potential immediate failure due to 
the conductive paths, and long-term reliabil-
ity problems. In addition, there was a concern 
about the component reliability issues due to 
corrosion.

In HP’s case, all this was further complicated 
by Dave Packard’s decision to use gold as the 
etch resist. This happened when he inspected 
the first double-sided plated-through board 
and realized that the gold-plated circuitry on 
the top side would be exposed. He turned it 
over in his hands, looked at the glint of the 
light in the holes, and said, “It looks quality, 
and when you buy HP you should not only get 
quality but it should look quality.” 

The only reason he was looking at a gold-
plated board in the first place was because I had 
not yet developed a solder plating process, and 
just used gold as a stop gap in order to dem-

onstrate the value of plated-through-hole tech-
nology as compared to eyelets. In addition, I 
had not yet developed a nickel-plating pro-
cess. As a result, the gold was plated directly 
over the copper. One of the unintended conse-
quences of this decision was the basically hid-
den total cost of the gold used. A small number 
multiplied by a big number can still be a very 
big number, and, at one time, HP bought one 
million dollars of gold on the Canadian spot 
market. In addition, due to the solubility of 
gold into solder, the solder pots became literal 
gold mines, and we had “prospectors,” before 
we figured out how to secure them and have 
the solder sent to a gold reclamation company. 

We also had to deal with another more basic 
issue due to gold on plated boards. The prob-
lem was that a relatively small amount of gold 
in the solder can raise the melting temperature 
significantly. In addition, gold in the solder 
can lead to creating more than one intermetal-
lic and contribute to brittleness in the joint. In 
general, this is not a big issue in a large solder 
pot, but the solder in a small hole with heavy 
gold plating can have a much higher percent-
age of gold. No other company took on this 
combination of problems in soldering.

To me this was the equivalent of a war on 
two fronts: 

1. Developing a plated-through-hole 
     fabrication process.
2. Developing a process to solder to gold 
     plated boards.

I was doing it alone.
For the soldering issue, the first thing was to 

find out whether anybody knew how to sol-
der to gold-plated circuit boards. I sent the 
same letter to three solder companies asking 
for information on the issue. The first response 
was just a copy of their catalog; so much for 
that. The second response was a letter from the 
chief technologist of the company who wrote, 
“If anybody is stupid [he really used the word] 
enough to want to solder to gold they should 
get out of the business.” He then added, “In 

The biggest issue with 
the use of non-rosin 

fluxes (usually acid based) 
was that they required 

a water wash.
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any case they should learn the fundamentals of 
soldering documented in the enclosed ‘Hand-
book.’” This turned out to be a 12-page pam-
phlet purporting to be “all you need to know 
about soldering.” I have never been so angry, 
before or since. I thought it was a legitimate 
question and deserved an answer. For exam-
ple, “We don’t recommend soldering to gold,” 
would have worked. I threw the letter and 
“Handbook” into a wastebasket, then retrieved 
the letter, tore it up, and threw it back into the 
wastebasket. I considered taking the wastebas-
ket out to the parking lot and setting fire to it. I 
did not write to either company to thank them 
for their help.  

The third letter was sent to Alpha Metals. The 
head of marketing got the letter and, as he told 
me later, decided something was happening at 
HP, and they needed to find out about it. He 
made an appointment, flew to San Francisco, 
collected the local representative, and came to 
see me. I explained my problem and, instead 
of laughing or insulting me, he suggested we 
look at a new solder that their chief technolo-
gist, Howard Manko, had developed and pat-
ented. (Howard later contributed five chap-
ters on solders and soldering to the first edi-
tion of the Printed Circuits Handbook.) This 
alloy was also advertised to be less prone to 
developing dross and made (so they told me) 
a more consistent joint. In addition, the solder 
pot did not have to be cleaned and the solder 
replaced as often as the present alloys. He also 
suggested we consider a new flux developed by 
the Battelle Memorial Institute based on uric 
acid, which was very aggressive and would 
clear inorganic contaminants from almost 
any metal being soldered and ensure the sol-
der would only deal with joining metals. This 
one-two punch sounded almost too good to be 
true. Instead of the Lone Ranger coming to the 
rescue, I was now concerned that I was deal-
ing with Professor Harold Hill of “The Music 
Man,” selling me a boys’ band. However, it was 
the only game in town at the time. As a result, I 
got a purchase order for both and started to try 

to understand if this was leading me into the 
assembly process of the future or another HP 
printed circuit reliability disaster (and unem-
ployment).

The biggest plus, from my point of view,  
was that there were no HP product designers 
or production engineers telling me I was mak-
ing a mistake that imperiled the entire com-
pany and offering advice I had to follow up. 
In this case, however, there might have been 
a point.

With the strong acid flux, we had no choice 
but to use a water wash, and a rigorous drying 
process. The first thing we tried was a Hobart 
Kitchen-Aid dishwashing machine. We just 
treated the soldered boards like dirty din-
ner dishes, and, after the drying cycle, blew 
the remaining moisture off with an air hose 
that made very strong dry air blasts. They also 
made a very high-pitched noise that attracted 
Bill Hewlett’s attention. He felt the operators 
should not be subjected to that level of white 
noise, even with ear protection. We had mea-
sured the level, but he was adamant. 

This resulted in a series of steps to protect 
the operators and eventually led to the design 
of an in-line soldering, washing, and drying 
machine that was quieter than the ambient 
environment. However, the washing machines 
did seem to do the job, and, in the interim, we 
had several. As part of all this, however, I also 
had to learn a lot about reliability testing. We 
did not want to be sending time-bombs to the 
customer.

With the strong acid 
flux, we had no choice 

but to use a water wash, 
and a rigorous drying 

process. 
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Given the time it was taking to develop the 
plated-through process, we had time to debug 
the soldering process. Fortunately, the Alpha 
solder and flux actually did the job as adver-
tised. Looking back, I think other solders and 
fluxes could probably have been successful as 
well. Given the approaching start of produc-
tion for the new instruments, however, my 
priority was to get a process in place, which 
worked. It took some experimenting to fit it all 
into our process, but our ability to use a water 
wash was the key. It also took some time to do 
the accelerated life testing, but we could see 
no reliability problem. In addition, we learned 
how much gold was needed to be an effective 
etching resist and reduced the gold in the sol-
der joint. The result was a basic process used 
by HP for decades, until surface-mount tech-
nology changed everything. The process was 
eventually mechanized and automated, but the 
solder and flux remained the same. 

Another unintended consequence con-
cerned the gold plating of the board’s con-
nector fingers, without a nickel underplate. 
This required special mating connectors. All 
this changed when subsequent process engi-
neers revisited the process. A nickel under-
plate, with a small gold flash, was substituted 
for thick gold, and HP stopped buying gold in 
Canada. Standard connectors could be used, 
and with all of this, they kept the quality look 
Dave Packard wanted.  PCB007

Clyde Coombs is the editor of 
the Printed Circuits Handbook, 
which was first published in 
1967. The seventh edition, 
published in 2016, was 
co-edited by Happy Holden, 
who, like Clyde, retired from 

HP after many decades.
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Insulectro Presents Power Chats at 
IPC APEX EXPO 2022 E
Insulectro presented 13.5-minute power chats 
in cooperation with DuPont, Isola, InduBond® 
and EMD Electronics during this year’s IPC 
APEX EXPO at the San Diego Convention 
Center in January.

Real Time with... IPC APEX EXPO: 
Burkle Has a Sharper Image E
Kurt Palmer, president of Burkle North Amer-
ica, speaks with Editor Nolan Johnson about 
the latest advancements in imaging and the 
equipment that Burkle planned to demonstrate 
at IPC APEX EXPO this year. 

Real Time with... IPC APEX EXPO: 
Taiyo Focuses on Collaboration E
Don Monn, Midwest regional sales director at 
Taiyo America, reviews the progressive adop-
tion of inkjet solder mask technology and 
comments on how Taiyo’s collaborative rela-
tionships with suppliers and customers have 
enabled logistics to be successfully managed 
through difficult times.

Atotech Presents Four Technical Papers 
at IPC APEX EXPO E
Atotech, a specialty chemicals technology 
company and leader in advanced electroplat-
ing solutions, presented four technical papers 
at IPC APEX EXPO this year. For Atotech’s  
work on analyzing and improving the crys-
tal structures in plated microvias, our tech-
nical paper has been selected as Honorable  
Mention for the 2022 IPC APEX EXPO Tech-
nical Conference.  

DuPont Interconnect Solutions Introduces 
Pyralux HP Laminate Adhesive System 
at IPC APEX EXPO 2022 E
DuPont Interconnect Solutions (ICS), a busi-
ness within the Electronics & Industrial seg-
ment, introduced the Pyralux HP laminate 
adhesive system at IPC APEX EXPO.

Rogers’ Shareholders Approve
 Acquisition by DuPont E
Rogers Corporation announced that at a special 
shareholder meeting, its shareholders voted to 
approve the previously announced acquisition 
of Rogers by DuPont de Nemours, Inc.

Gardien Group Now offers Insulation 
Testing and Micro-Short Detection E
We now offer insulation testing and micro-
short detection on our flying probe lines run-
ning the Gardien FPX software.

Agfa Announces Price Increase for PCB 
Phototooling Products E
Agfa announces a worldwide price increase on 
all IdeaLINE phototooling films and chemis-
try used for the production of printed circuit 
boards and metal structuring applications. 

Isola Supports High-Speed Digital 
Circuits at IPC APEX EXPO 2022 E
Isola Group, a leading global manufacturer of 
copper-clad laminates and dielectric prepregs 
for printed circuit boards, was on hand at IPC 
APEX EXPO 2022 with examples of its high-
performance circuit materials for high-speed 
digital circuits, including Tachyon 100G and 
I-Tera MT40 materials.

http://pcb.iconnect007.com/index.php/article/130573/insulectro-to-present-acclaimed-power-chats-at-ipc-apex-expo-2022/130576
http://pcb.iconnect007.com/index.php/article/130437/real-time-with-ipc-apex-expo-burkle-has-a-sharper-image/130440
http://pcb.iconnect007.com/index.php/article/130452/real-time-with-ipc-apex-expo-taiyo-focuses-on-collaboration/130455
http://pcb.iconnect007.com/index.php/article/130473/atotech-to-participate-at-ipc-apex-expo-2022-and-present-four-technical-papers/130476
http://pcb.iconnect007.com/index.php/article/130485/dupont-interconnect-solutions-to-introduce-the-pyralux-hp-laminate-adhesive-system-at-ipc-apex-expo-2022/130488
http://pcb.iconnect007.com/index.php/article/130607/rogers-shareholders-approve-acquisition-by-dupont/130610
http://pcb.iconnect007.com/index.php/article/130482/gardien-group-now-offers-insulation-ir-testing-and-micro-short-detection/130485
http://pcb.iconnect007.com/index.php/article/130563/agfa-announces-price-increase-for-pcb-phototooling-products/130566
http://pcb.iconnect007.com/index.php/article/130412/isola-supports-high-speed-digital-circuits-at-ipc-apex-expo-2022/130415
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QUALITY REFURBISHMENTwww.tritekcp.com

Some things change and 
some things never will. 

As Tritek grows - our customer focus 
remains unchanged.

Evolution is necessary to ensure that 
we keep pace with our customers’ ever 
changing demands from their clients. 

Whether it’s high speed materials  
from AGC for our military and  
aerospace customers, chemical  
processes from DuPont, or custom 
equipment solutions needed for our 
customers from our newly acquired 
Advanced West division, Tritek is  
committed to the process of evolving. 

http://www.tritekcp.com/
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IPC APEX-EXPO show and conference was 
safely back in full swing after skipping 2021. 
Because my primary interest is printed circuit 
board and assembly processing, I ventured 
onto the show floor to review the evolution of 
some of the systems on exhibit that may con-
tribute to process efficiency and end-product 
quality. A key benefit of attending a show like 
this one is that the board and assembly manu-
facturers can view and compare similar prod-
uct offerings in one place. 

One topic I was most interested in review-
ing was the progress made on automated post-
etch inspection of circuit board panels used for  
multilayer circuit boards. High-volume pro-
duction environments rely on automated 
inspection to identify defects in the circuit  
pattern before the lamination process. Sev-
eral automated inspection system manufac-

turers on the show floor demonstrated their 
products’ attributes and unique features. Auto-
mated optical inspection (AOI) systems use 
data accessed directly from the circuit board’s 
CAD file and rapidly checked the circuit  
image on each panel.

The circuit board is the platform that sup-
ports and interconnects all component ele-
ments that enable the electronic assembly to 
function. To accommodate the current gen-
erations of electronics, the high I/O and very 
fine-pitch semiconductors simultaneously 
minimize circuit board size, forcing designers 
to increase circuit layers and implement finer 
conductor lines and spaces for interconnect. 
Fabrication imperfections that occur during 
imaging and etching stages in the fabrication 
process, if not identified, may impact the cir-
cuit board’s functional integrity. 

A Lesson on Automated 
Optical Shaping

Designers Notebook
by Vern Solberg



https://eda.sw.siemens.com/en-US/pcb/pads/professional/cloud-apps/?cmpid=14017&utm_source=pcb007&utm_medium=magazine%20ad&utm_campaign=xaas%20ebs
https://eda.sw.siemens.com/en-US/pcb/pads/professional/cloud-apps/?cmpid=14017&utm_source=pcb007&utm_medium=magazine%20ad&utm_campaign=xaas%20ebs
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able solder mask coatings to precision ink jet 
printing. The system I found most interesting 
was identified as an automated optical shap-
ing (AOS) system. This AOS system is unique 
because it not only locates and identifies the 
defects in the etched circuit pattern, it has the 
ability to automatically correct the defects.  

As it was explained to me, the key to this pro-
cess is the company’s image acquisition tech-
nology where it captures precise images of the 
defect area, analyzes and compares the defect 
shape to CAM data used to initially develop the 
circuit pattern image, and defines where excess 
copper requires ablation as well as pinpoint the 
location of interrupted portions of copper con-
ductors that need to be reformed. 

Eliminating excess copper, for example, 
shorts, protrusions, copper splashes, and exces-
sively-sized features, is accomplished using built-
in laser ablation technology. The laser reshap-
ing process eliminates the unwanted excess cop-
per, reforming the circuit features to the original 
profile defined in the CAM file. An example of a 
copper bridge defect and the result of laser cir-
cuit reshaping is compared in Figure 1.

Regarding copper removal, the laser process 
can provide reshaping down to 25 µm for both 
copper conductor features and the spacing 
separating features. As far as copper ablation 
speed, the manufacturer estimates that the sys-

Companies have found that human inspec-
tion of the individual circuit layers consumes 
a significant amount of time, and even with 
magnification, may not identify all defects on 
the panel surfaces. When fabricating complex, 
multi-layer circuit boards, automating image 
verification on all circuit layers before lami-
nation has proven indispensable. These AOI 
systems are programmed to identify circuit 
path irregularities: opens, shorts, or anoma-
lies within the circuit paths that are outside the 
user-defined tolerance limits.   

I had the pleasure of interviewing Chad 
Smith, the AOI expert representing Orbotech 
West. The 35-year-old company is well known 
for a broad range of products—including auto-
mated inspection, direct imaging for defin-
ing the PCB circuit pattern, and photoimage-

Figure 1: 3D laser ablation enables precise reshaping and elimination of excessive solder.

Companies have found 
that human inspection 
of the individual circuit 

layers consumes a signifi-
cant amount of time...
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narrow as 30 µm, large pattern deposition of 
half-ounce copper is also possible, although 
limited to an area of 550 µm square. The pro-
cess time required to restore copper conduc-
tors or correct other defects on the FR-4 lami-
nate material’s surface is in the range of 30 loca-
tions per hour, depending on the conductor’s 
length, width, and specified copper thickness 
(half- or one-ounce).

Orbotech states that “this system is the world’s 
first one-stop solution that both removes excess 
copper and precisely restores patterns where 
copper is missing.” The process is said to enable 
top quality repair of the most advanced PCB 
designs, including any-layer HDI and complex 
multilayer circuits. A key objective of the man-
ufacturer in developing this capability was to 
furnish the circuit board supplier the tools to 
ensure uncompromised end product quality 
and minimize delays in fabrication while virtu-
ally eliminating waste.  PCB007

Vern Solberg is an independent 
technical consultant, specializ-
ing in SMT and microelectronics 
design and manufacturing tech-
nology, and an I-Connect007 
columnist. To read past columns 
or contact Solberg, click here.

tem can identify and eliminate up to 80 bridge 
or short defects per hour.

Rebuilding missing conductors is another 
form of reshaping. This condition would have 
commonly forced the fabricator to scrap that 
portion of the multilayer board set. The capa-
bility to add copper to the laminate’s surface, 
however, rescues the panel layer from elim-
ination. To prepare for the additive 3D shap-
ing process the surface area where metalliza-
tion is to be added is textured. Following prep-
aration, a narrow pattern of molten copper is 
deposited onto the surface, physically bridging 
the gap between features, as shown in Figure 2.

The AOS system is designed to accommo-
date a panel size as large as 24” x 30” (610 mm 
x 762 mm) and the company states that a single 
operator can control up to four AOS systems 
simultaneously, correcting defects, and man-
aging the reshaping process without manual 
intervention. Additionally, remote image ver-
ification capability is offered that will enable 
the operator to monitor all copper defects and 
confirm the shaping process completion from 
a remote computer.

In addition to correcting opens in the circuit 
path, defect repair may include filling nicks and 
pinholes in the conductor path and rebuild-
ing shapes impacted by localized over-etching. 
While conductor width and spacing can be as 

Figure 2: Comparing conductor pattern images before and after 3D copper reshaping.

http://pcb.iconnect007.com/index.php/column/98913/designers-notebook/98916/
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The best technical conference 
papers of IPC APEX EXPO 
2022 have been selected. 
Voted on by members of the 
IPC APEX EXPO 2022 
Technical Program Committee 
(TPC), the paper authors were 
recognized during show 
opening remarks on Tuesday, 
January 25.

Eltek Ltd., a global manufacturer and supplier of technologically advanced 
solutions in the field of printed circuit boards, announced that its Board of 
Directors has named Ron Freund as its Chief Financial Officer, effective 
January 1, 2022.

It’s always great 
to see two very 
good compa-
nies form a 
mutually ben-
eficial alliance. 
I was lucky 
enough to 
watch this par-
ticular strategic 
partnership come to fruition this year between RBP  
Chemical and Schlötter. I sat down with Matthias Hampel, 
global executive representative-PCB and electronics at 
Schlötter, and Ernest Litynski, president of RBP Chemical 
Technology, to get the inside story.

CES 2022: Half Virtual, Still Valuable, 
and Here’s Why
Another CES has wrapped up, and while not fully back to its 
glittery self, the show still managed to create quite a buzz 
in the electronics world. Attendance was about half of its 
typical 150,000 as hundreds of companies still touted their 
wares and I’m excited to share with you what I discovered. 

Best Technical 
Papers at 
IPC APEX EXPO 
2022 Selected

Eltek Names Ron Freund as 
Chief Financial Officer

Catching Up With RBP Chemical 
and Schlötter

Ron Freund

Ernie LitynskiMatthias Hampel

TOP TEN EDITOR’S
PICKS

http://pcb.iconnect007.com/index.php/article/130469/ces-2022-half-virtual-still-valuable-and-heres-why/130472
http://pcb.iconnect007.com/index.php/article/130487/best-technical-papers-at-ipc-apex-expo-2022-selected/130490
http://pcb.iconnect007.com/index.php/article/130323/eltek-names-ron-freund-as-chief-financial-officer/130326
http://pcb.iconnect007.com/index.php/article/130556/catching-up-with-rbp-chemical-and-schlotter/130559
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IPC APEX 
EXPO offi-
cially opens 
today, and 
as Crosby, 
Still and 

Nash once sang, “It’s been a long time 
coming.” The last live IPC APEX EXPO 
was held two years ago and was—for 
many of us—the last trade show we 
would attend before the pandemic hit. 

The combination of solder mask printing and legend printing seems an obvious and attractive 
solution, like bringing chocolate and vanilla together. Still, the gain would rely on obtaining both 
functionalities without adding complexity. In this column the story continues.

Nolan Johnson 
speaks with Tarja 
Rapala-Virtanen, 
technical director 
of the EIPC, who 

breaks down the current state of the European 
market and which technologies and market 
segments are seeing growth.

Over the past year, I-Connect007 
has published more than 4,000 
news items, nearly 300 articles, 
and 350 columns from the  
leading expert voices in the  
industry. We also have interviewed 
dozens of fabricators, assemblers,  
and designers on the most  
relevant and pressing topics in  
the ever-evolving PCB industry. 

IPC’s January 2022 Economic Outlook report finds that supply chain chal-
lenges remain acute and have improved little from the previous month. 
Shortages continue to hamper production levels and lead times remain long.

At IPC APEX EXPO 2022 in 
San Diego, Ventec Interna-
tional Group Co., Ltd. (6672 
TT) premiered ‘aerolam’ in the 
US market. A base-material 

solutions set, aerolam is specifically curated for the 
diverse and unique requirements of aerospace and 
defense applications.  

For the latest news and information, visit PCB007.com

Additive Reality: Green Drops, White Drops or Both: Do Solder Mask 
and Legend Make a Good Team?

IPC: Supply Chain Challenges Continue 
to Hamper Electronics Production

Happy Holden’s Five 
Must-Reads of 2021

U.S. Market Première of Ventec 
Aerolam Base Material Solutions for 
Aerospace & Defense Electronics

Day 1: It’s Show Time! Technology and Development 
Prospects for the European 
Marketplace

http://pcb.iconnect007.com/landing/pcb
http://pcb.iconnect007.com/index.php/column/127981/additive-reality/127984/#130538

http://pcb.iconnect007.com/index.php/article/130313/ipc-supply-chain-challenges-continue-to-hamper-electronics-production/130316
http://pcb.iconnect007.com/index.php/article/130416/happy-holdens-five-must-reads-of-2021/130419

http://pcb.iconnect007.com/index.php/article/130414/us-market-premiere-of-ventec-aerolam-base-material-solutions-for-aerospace-defense-electronics/130417
http://pcb.iconnect007.com/index.php/article/130608/day-1-its-show-time/130611

http://Technology and Development Prospects for the European  Marketplace
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Regional Manager
Midwest Region

General Summary: Manages sales of the company’s 
products and services, Electronics and Industrial, 
within the States of IL, IN & MI. Reports directly to 
Americas Manager. Collaborates with the Americas 
Manager to ensure consistent, profitable growth in 
sales revenues through positive planning, deploy-
ment and management of sales reps. Identifies 
objectives, strategies and action plans to improve 
short- and long-term sales and earnings for all prod-
uct lines.

DETAILS OF FUNCTION:
• Develops and maintains strategic partner 
   relationships
• Manages and develops sales reps:
   – Reviews progress of sales performance
   – Provides quarterly results assessments of sales  
       reps’ performance
   – Works with sales reps to identify and contact  
       decision-makers
   – Setting growth targets for sales reps 
   – Educates sales reps by conducting programs/
       seminars in the needed areas of knowledge
• Collects customer feedback and market research 
   (products and competitors)
• Coordinates with other company departments to 
   provide superior customer service 

QUALIFICATIONS:
• 5-7+ years of related experience in the 
   manufacturing sector or equivalent combination 
   of formal education and experience
• Excellent oral and written communication skills
• Business-to-business sales experience a plus
• Good working knowledge of Microsoft Office 
   Suite and common smart phone apps 
• Valid driver’s license
• 75-80% regional travel required

To apply, please submit a COVER LETTER and 
RESUME to: Fernando Rueda, Americas Manager

fernando_rueda@kyzen.com

R&D Scientist III, Orange, CT
Job Description: The scientist will be a 

leader in technology for plating chemis-
try development, electrolytes, and addi-
tives. The position is hands-on, where the 
ideal candidate will enjoy creating and 
testing new aqueous plating processes 
and materials to meet the most demand-
ing semiconductor applications related 
to Wafer-Level Packaging and Dama-
scene. The qualified candidate will work 
as part of the R&D team while interact-
ing with scientists, product management, 
and application engineers to commer-
cialize new products for the advanced 
electronic solution business.

____________________________

Prototype Engineer, Sawanee, GA
Job Description: The purpose of this 

position is to provide direct technical and 
customer support for the Electronic Poly-
mers (EP) product line of the Semicon-
ductor Solutions Group for existing prod-
ucts as well as new and developmental 
products. The position is responsible for 
leading the team with customer builds 
and proof of concept designs directly 
engaging with customers. The position 
will lead a variety of technical, customer 
support, quality, marketing, process, and 
production related projects. 

https://careers.elementsolutionsinc.com/job/Orange-R&D-Scientist-III-CT-6477/819339100/
https://careers.elementsolutionsinc.com/job/Suwanee-Prototype-Engineer-Electronic-Polymers-GA-30024/842822000/
https://www.macdermidalpha.com
https://kyzen.com
mailto:fernando_rueda@kyzen.com?subject=Help Wanted ad seen in PCB007
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Customer Service Representative
Fullerton (CA) USA 

(and) Elk Grove Village (IL) USA
Ventec is looking to expand our Customer Service/

Internal Sales team at our facility in Fullerton, Califor-
nia, and Elk Grove Village, Illinois.. As Customer Ser-
vice Representative you will provide great sales and 
customer service support and respond to the needs of 
clients from industries including Aerospace, Defense, 
Automotive and Pharmaceutical. Duties include:

 
• Maintain and develop both existing and new 
   customers through individual account support
• Make rapid accurate cost calculations and 
   provide customers with quotations
• Accurately input customer orders through the 
   company’s bespoke MRP System
• Assist the sales team with reporting, sales 
   analysis, and other items at their request
• Liaise with colleagues at Asia HQ and Overseas 
   Business Units to manage domestic and 
   international requirements

 
Required Skills and Abilities

The ideal candidate is a proactive self-starter with 
a strong customer service background. Friendly, 
approachable, and confident, you should have a 
good phone mannerism and be computer literate.

• Previous experience in a Customer Service back-
   ground, ideally management or supervisor role
• Experience with MRP Systems
• Good working knowledge of Microsoft Office 
   Tools such as Outlook, Excel etc

 
What’s on Offer
• Excellent salary & benefits commensurate with 
   experience

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

Please forward your resume to: 
Jvance@ventec-usa.com

Field Service Engineer
Location: West Coast, Midwest

Pluritec North America, ltd., an inno-
vative leader in drilling, routing, and 
automated inspection in the printed 
circuit board industry, is seeking a full-
time field service engineer.

This individual will support service 
for North America in printed circuit 
board drill/routing and x-ray inspec-
tion equipment.

Duties included: Installation, train-
ing, maintenance, and repair. Must 
be able to troubleshoot electrical and 
mechanical issues in the field as well 
as calibrate products, perform modifi-
cations and retrofits. Diagnose effec-
tively with customer via telephone 
support. Assist in optimization of 
machine operations.

A technical degree is preferred, along 
with strong verbal and written com-
munication skills. Read and interpret 
schematics, collect data, write techni-
cal reports.

Valid driver’s license is required, as 
well as a passport, and major credit 
card for travel.

Must be able to travel extensively.

https://pluritec.it
mailto:carolina.zeppieri@pluritec.org?subject=Help wanted ad seen in PCB007
http://www.ventec-group.com
mailto:jvance@ventec-usa.com?subject=Help Wanted ad seen in PCB007
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Career Opportunities

Application Engineer/
Program Management 

Responsibilities
• Gain understanding for customer and specific 
   project requirements
• Review customer files/drawings, analyze technical,
   application, stackup, material, and mechanical 
   requirements; develop cost-effective designs that 
   meet requirements
• Quote and follow up to secure business 
• Work with CAD: finalize files, attain customer 
   approval prior to build 
• Track timeline and provide customers with updates
• Follow up on prototype, assist with design changes 
   if needed, push forward to production
• Work with customer as the lead technician/program 
   manager or as part of FCT team working with an 
   assigned program manager 
• Help customer understand FCT’s assembly, testing, 
   and box build services/support
• Understand manufacturing and build process for 
   flexible and rigid-flex circuits

Qualifications
• Demonstrated experience: PCB/FPCB/rigid-flex 
   designer including expertise in design rules, IPC 
• Demonstrated success in attaining business
• Ability to work in fast-paced environment, on broad 
   range of projects, while maintaining a sense of 
   urgency 
• Ability to work as a team player
• Excellent written and verbal communication skills 
• Must be willing to travel for sales support activities, 
   customer program support and more.

FCT offers a competitive salary, bonus program, and 
benefits package. Preferred location Minneapolis, 

MN area. www.flexiblecircuit.com    

Electrical Engineer/PCB/CAD Design, 
BOM Component & Quality Support

  
Responsibilities
• Learn the properties, applications, advantages/
   disadvantages of flex circuits
• Learn the intricacies of flex circuit layout best 
   practices
• Learn IPC guidelines: Flex circuits/assemblies
• Create flexible PCB designs/files to meet 
   engineering/customer requirements
• Review customer prints and Gerber files to ensure 
   they meet manufacturing and IPC requirements
• Review mechanical designs for mfg, including circuit 
   and assembly requirements, BOM/component 
   needs and help to identify alternate components 
   if needed
• Prepare and document changes to customer prints/
   files. Work with app engrs, customers and mfg.
   engrs. to finalize and optimize designs for 
   manufacturing 
• Work with quality manager to learn quality systems, 
   requirements, and support manager with assistance

Qualifications
• Electrical Engineering degree with 2+ years of 
   CAD/PCB design experience 
• IPC CID or CID+ certification or desire to obtain
• Knowledge of flexible PCB materials, properties, or 
   willingness to learn 
• Experience with CAD software: Altium or other 
• Knowledge of IPC standards for PCB industry, 
   or willingness to learn
• Microsoft Office products

FCT offers a competitive salary, bonus program, 
and benefits package. Preferred location 

Minneapolis, MN area. www.flexiblecircuit.com    

 Flexible Circuit Technologies is a premier global supplier providing design, prototyping and 
production of flexible circuits, rigid flex circuits, flexible heaters, and membrane switches. 

https://www.flexiblecircuit.com
mailto:sales@flexiblecircuit.com?subject=Application Engineer/Program Management ad seen in PCB007
mailto:sales@flexiblecircuit.com?subject=Electrical Enginner want ad seen at PCB007
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Technical Marketing Specialist
 Waterbury, CT

JOB DESCRIPTION: 
Responsible for providing technical knowledge 
and support to marketing communications pro-
fessionals. Cross training and acting as liai-
son between the Innovation and the Marketing 
Communications teams for both Circuitry Solu-
tions and Semiconductor Solutions.

Chemist 1
Waterbury, CT

JOB DESCRIPTION: 
Perform analysis—both chemical and mechan-
ical—of customer-supplied samples. These 
include both structural and chemical testing 
using various instruments such as SEM, Instron, 
ICP, and titration methods. Perform various fail-
ure analysis functions, including, but not limited 
to, chemical analysis, SEM analysis of customer 
parts, and cross-section evaluation.

Applications Manager
Waterbury, CT/New England Region

JOB DESCRIPTION: 
Applications Manager in the Electronics Spe-
cialties/Circuitry Solutions group to provide 
applications process knowledge, training 
and technical support of new products lead-
ing to sales revenue growth. Requires work-
ing through the existing sales and technical 
service organizations to leverage this knowl-
edge globally. Experience in multilayer bond-
ing along with dry film and solder mask adhe-
sion processes a plus.

Engineering Project Manager 
Graphics/Film

 
The primary purpose of this position is to 
manage Process Development, Process 
Scale Up and Capital projects in the Global 
Process Engineering Group (GPEG) function. 

THIS INCLUDES:
• Managing the complete life cycle of the 
   highly complex projects including 
   approval of the projects, the planning 
   and execution of the projects, and then 
   the closeout of the projects to ensure 
   planned results are achieved on a timely 
   basis.
• Develop budgets timelines, and ensure 
   progress to plan, as well as tracking 
   project achievements. 
• Define projects’ objectives and ensure 
   progress to plan, as well as tracking 
   project achievements. 
• Interface with internal customers to agree 
   upon specifications, deliverables, and 
   milestones.
• Represent project and the team and 
   present project results to customers and 
   internal management.
• Recommend new process and tools to 
   achieve advanced project management.
• Manage project status in the form of 
   formal briefings, project update meetings, 
   and written, electronic, and graphic 
   reports.
• Address problems through risk manage-
   ment and contingency planning and 
   present solutions and/or options to 
   executive management.

https://www.macdermidalpha.com
https://www.macdermidalpha.com
https://careers.elementsolutionsinc.com/job/South-Plainfield-Engineering-Project-Manager-GraphicsFilm-NJ-07080/819112000/
https://elementsolutionsinc.com/contact/careers
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Essential Responsibilities
Qualified candidates must be able to orga-

nize their own functions to match the goals of the 
company.

Responsible for:
• panel preparation, dry film lamination, 
   exposure, development and the processes, 
   equipment setup and maintenance 
   programs
• automated (PAL line) electrolytic copper 
   plating process and the equipment setup 
   and maintenance programs
• both the cupric (acid) etching and the 
   ammoniacal (alkaline) etching processes 
   and the equipment setups and maintenance 
   programs

Ability to:
• perform basic lab analysis and trouble-
   shooting as required
• use measurement and analytical equipment 
   as necessary
• work alongside managers, department 
   supervisors and operators to cooperatively 
   resolve issues
• effectively problem-solve
• manage multiple projects concurrently
• read and speak English
• communicate effectively/interface at every 
   level of the organization

Organizational Relationships
Reports to the Technical Director.

Qualifications
Degree in Engineering (BChE or I.E. preferred). 

Equivalent work experience considered. High 
school diploma required. Literate and functional 
with most common business software systems 
MS Office, Excel, Word, PowerPoint are required. 
Microsoft Access and basics of statistics and 
SPC a plus.

Physical Demands
Exertion of up to 50 lbs. of force occasion-

ally may be required. Good manual dexterity for 
the use of common office equipment and hand  
tools.

• Ability to stand for long periods.

Work Environment
This position is in a manufacturing setting with 

exposure to noise, dirt, and chemicals.

Click on ‘apply now’ buttton below to send in 
your application.

Wet Process Engineer
ASC, the largest independent PCB manufacturer in the Midwest, is looking to expand our manufac-

turing controls and capabilities within our Process Engineering department. The person selected will 
be responsible for the process design, setup, operating parameters, and maintenance of three key 
areas—imaging, plating, etching--within the facility. This is an engineering function. No management of 
personnel required.

https://www.asc-i.com
https://www.asc-i.com/about-us/careers/wet-process-engineer/
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Galvanic Systems Director
Whelen Engineering Co. seeks FT 

Galvanic Systems Dir. in Charlestown, 
NH to lead technical team to optimize 
GreenSource Fabrication, LLC Division’s 
first-gen equip. by applying PCB mfg. 
concepts per cust reqs. Ensure process 
engg. meets co.’s needs; develop and 
validate process changes; plans to im-
prove process capability using statistical 
& root cause analysis & eval’ing equip, 
including Atotech equip, thru design of 
exper & testing; travel int’lly 15-25% to 
eval biz plan & strategy to markets. Min 
reqs: U.S. Bach degree or foreign equiv. 
in chem sci or chem engg; knwl of en-
tire PCB mfg. process, including process 
flows, indiv. processing steps, & tooling, 
w. knowledge of PCB pattern plating, in-
cluding subtractive etching processes, 
additive processes, and printable techs 
as demo’d by 12 yrs’ exp. in PCB in-
dustry; Theoretical knwl of PCB Plating  
Processes, including MLB, HDI, and SLP-
type PCB fab processes, as demo’d by 
10 yrs’ exp w. PCB plating processes; 5 
yrs’ exp working w. Atotech Equipment 
prod lines & their specialty chems; Prior 
work exp in R&D enviro. including app of 
lab analysis concepts and knowledge of 
cross section and wave form patterns. 

Apply to: Corinne Tuthill, 
ctuthill@greensourcefab.com or at 

Greensource Fabrication, LLC, 
99 Ceda Rd, Charlestown, NH 03603

Sales Engineer 
Germany, Austria, Switzerland, 
Southeastern Europe e.g. Italy

Ucamco is looking for a sales engineer for our front-
end software in the German-speaking area (Germany, 
Austria, German Switzerland) as well as adjacent markets 
in the South and East.

Ucamco is a market leader in PCB CAM, pre-CAM soft-
ware and laser photoplotters with more than 35 years’ 
experience developing and supporting leading-edge, 
front-end tooling solutions for the global PCB industry.

Responsibilities:
  • Selling software solutions 
  • Selling support contracts and upgrades 
  • Developing and implementing customer acquisition plan 
  • Organizing and taking part in roadshows, seminars, 
     exhibitions
  • Follow up of current customers and sales
  • Contributing insights into the marketing plan
  • Reporting to Ucamco’s sales director 

Requirements:
  • Fluent in German, good knowledge of English; 
     other languages a plus
  • Frequent traveling to prospects and customers–
     live contact is important
  • Feeling for technical software
  • Motivated to succeed as a solution seller
  • Strong empathy for the customer
  • Self-starter, able to work independently, organized
  • Honest, trustworthy, dependable, credible
  • Sales and technical expertise in PCB industry a big plus
  • Knowledge of market and customer base in German 
     speaking area a big plus
  • Used to working from home office
  • Traveling to headquarters in Gent (Belgium) for sales 
     and customer meetings 
  • Good feeling for software is more important than strong 
   sales experience

This is a salary-based position with a commission plan, 
company car, expense reimbursement, and benefits like 
health insurance.

https://www.ucamco.com/en/
mailto:humanresources@ucamco.com?subject=Help wanted ad seen in PCB007
https://www.whelen.com
mailto:ctuthill@greensourcefab.com?subject=Help wanted ad seen in PCB007
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Laminator Technician 
Nature of Duties/Responsibilities
• Layup cover lay
• Layup rigid flex
• Layup multilayer/CU core boards
• Oxide treat/cobra treatment of all layers/CU cores
• Shear flex layer edges
• Rout of machine panel edges and buff
• Remove oxide/cobra treatment (strip panels)
• Serialize panels
• Pre-tac Kapton windows on flex layers (bikini process)
• Layup Kapton bonds
• Prep materials: B-stage, Kapton, release sheet
• Breakdown: flex layers, and caps
• Power scrub: boards, layers, and caps
• Laminate insulators, stiffeners, and heatsinks
• Plasma cleans and dry flex layers B-stage (Dry)
• Booking layers and materials, ready for lamination process
• Other duties as deemed necessary by supervisor
Education/Experience
• High school diploma or GED  
• Must be a team player
• Must demonstrate the ability to read and write English 
   and complete simple mathematical equations
• Must be able to follow strict policy and OSHA guidelines
• Must be able to lift 50 lbs
• Must have attention to detail

Wet Process/Plating Technician
Position is 3rd shift (11:00PM to 7:30AM, Sunday through Friday)
Purpose	
To carry out departmental activities which result in producing qual-
ity product that conforms to customer requirements. To operate 
and maintain a safe working environment.
Nature of Duties/Responsibilities
• Load and unload electroplating equipment
• Fasten circuit boards to racks and cathode bars
• Immerse work pieces in series of cleaning, plating and rinsing 
   tanks, following timed cycles manually or using hoists
• Carry work pieces between departments through electroplating 
   processes
• Set temperature and maintains proper liquid levels in 
   the plating tanks
• Remove work pieces from racks, and examine work pieces for 
   plating defects, such as nodules, thin plating or burned plating
• Place work pieces on racks to be moved to next operation

• Check completed boards
• Drain solutions from and clean and refill tanks; fill anode 
   baskets as needed
• Remove buildup of plating metal from racks using chemical bath
Education and Experience	
• High school diploma or GED required
• Good organizational skills and the ability to follow instructions
• Ability to maintain a regular and reliable attendance record
• Must be able to work independently and learn quickly
• Organized, self-motivated, and action-oriented, with the 
   ability to adapt quickly to new challenges/opportunities
• Prior plating experience a plus

Production Scheduler 
Main Responsibilities
• Development and deployment of a level-loaded production plan
• Establish manufacturing plan which results in “best possible” 
   use of resources to maximize asset utilization
• Analyze production capacity of manufacturing processes, 
   equipment and human resource requirements needed 
   to produce required products
• Plan operation manufacturing sequences in weekly time 
   segments utilizing production labor standards
• Maintain, align, and communicate regularly with internal 
   suppliers/customers and customer service on key order 
   metrics as per their requirements
• Frequently compare current and anticipated orders with 
   available inventory and creates replenishment plan
• Maintain master distribution schedule for the assigned 
   facility, revise as needed and alert appropriate staff of 
   schedule changes or delays
• Participate in periodic forecasting meetings
• Lead or participate in planning and status meetings with 
   production, shipping, purchasing, customer service and/or 
   other related departments
• Follow all good manufacturing practices (GMPs)
• Answer company communications, fax, copy and file paperwork
Education and Experience
• High school diploma or GED
• Experience in manufacturing preferred/3 years in scheduling
• Resourceful and good problem-solving skills
• Ability to make high pressure decisions
• Excellent written and verbal communication skills
• Strong computer skills including ERP, Excel, Word, MS Office
• Detailed and meticulous with good organizational skills
• Must be articulate, tactful and professional at all times
• Self-motivated 

Printed Circuits, a fast-growing printed circuit board fabricator, offers:
• Excellent opportunities for advancement 
   and growth
• Dynamic manufacturing environment
• Excellent health, dental and other benefits 
• Annual profit-sharing plan
• Signing bonus

• Additional incentives at the leadership level
• Clean facility with state-of-the-art manufacturing 
   equipment
• Highly collaborative corporate and 
   manufacturing culture that values employee 
   contributions

https://www.printedcircuits.com
https://www.printedcircuits.com/careers/
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SMT Operator 
Hatboro, PA

Manncorp, a leader in the electronics assembly in-
dustry, is looking for a surface-mount technology (SMT)  
operator to join their growing team in Hatboro, PA!

The SMT operator will be part of a collaborative 
team and operate the latest Manncorp equipment in 
our brand-new demonstration center. 

Duties and Responsibilities:
• Set up and operate automated SMT assembly 
    equipment
• Prepare component kits for manufacturing
• Perform visual inspection of SMT assembly
• Participate in directing the expansion and further 
    development of our SMT capabilities
• Some mechanical assembly of lighting fixtures
• Assist Manncorp sales with customer demos

Requirements and Qualifications:
• Prior experience with SMT equipment or equiva-
    lent technical degree preferred; will consider 
    recent graduates or those new to the industry
• Windows computer knowledge required
• Strong mechanical and electrical trouble-
    shooting skills
• Experience programming machinery or 
    demonstrated willingness to learn
• Positive self-starter attitude with a good work 
    ethic
• Ability to work with minimal supervision
• Ability to lift up to 50 lbs. repetitively

We Offer: 
• Competitive pay
• Medical and dental insurance
• Retirement fund matching
• Continued training as the industry develops

SMT Field Technician 
Hatboro, PA

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

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

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

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

https://www.manncorp.com
https://www.manncorp.com
https://careers.hireology.com/manncorpeledlights/431056/description
https://careers.hireology.com/manncorpeledlights/276929/description
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Product Manager
MivaTek Global is preparing for a major mar-

ket and product offering expansion. Miva’s 
new NG3 and DART technologies have been 
released to expand the capabilities of Miva’s 
industry-leading LED DMD direct write systems 
in PCB and Microelectronics. MivaTek Global is 
looking for a technology leader that can be in-
volved guiding this major development.

The product manager role will serve as liai-
son between the external market and the in-
ternal design team. Leadership level involve-
ment in the direction of new and existing prod-
ucts will require a diverse skill set. Key role 
functions include: 

• Sales Support: Recommend customer 
   solutions through adaptions to Miva 
   products
• Design: Be the voice of the customer for 
   new product development
• Quality:  Verify and standardize product 
   performance testing and implementation
• Training: Conduct virtual and on-site training
• Travel: Product testing at customer and 
   factory locations

Use your 8 plus years of experience in ei-
ther the PCB or Microelectronic industry to 
make a difference with the leader in LED 
DMD direct imaging technology. Direct imag-
ing, CAM, AOI, or drilling experience is a plus 
but not required.  

For consideration, send your resume 
to N.Hogan@MivaTek.Global. For more 

information on the company see 
www.MivaTek.Global or www.Mivatec.com.

Field Service Technician
MivaTek Global is focused on providing a 

quality customer service experience to our 
current and future customers in the print-
ed circuit board and microelectronic indus-
tries.  We are looking for bright and talented 
people who share that mindset and are en-
ergized by hard work who are looking to be 
part of our continued growth.

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

• Installing a direct imaging machine
• Diagnosing customer issues from both 
   your home office and customer site
• Upgrading a used machine
• Performing preventive maintenance
• Providing virtual and on-site training
• Updating documentation

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

More About Us
MivaTek Global is a distributor of Miva Tech-

nologies’ imaging systems. We currently have 
55 installations in the Americas and have ma-
chine installations in China, Singapore, Korea, 
and India.

https://mivatek.global/industries/
https://mivatek.global/industries/
mailto:N.Hogan@mivatek.global?subject=Product Manager ad seen in PCB007
mailto:N.Hogan@mivatek.global?subject=Field Service Technician ad seen in PCB007
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Rewarding Careers
Take advantage of the opportunities we are 

offering for careers with a growing test engineering 
firm. We currently have several openings at every 
stage of our operation.

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

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

Associate Electronics Technician/
Engineer (ATE-MD)

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

• Candidates would operate the test systems 
and inspect circuit card assemblies (CCA) 
and will work under the direction of engineer-
ing staff, following established procedures to 
accomplish assigned tasks.

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

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

• Advancement opportunities available. 
• Must be a US citizen or resident.

Test Engineer (TE-MD)
In this role, you will specialize in the develop-

ment of in-circuit test (ICT) sets for Keysight 3070 
(formerly HP) and/or Teradyne (formerly GenRad) 
TestStation/228X test systems.

• Candidates must have at least three years  
of experience with in-circuit test equipment.  
A candidate would develop and debug our 
test systems and install in-circuit test sets 
remotely online or at customer’s manufactur-

ing locations nationwide.
• Candidates would also help support pro-

duction testing and implement Engineering 
Change Orders and program enhancements, 
library model generation, perform testing and 
failure analysis of assembled boards, and 
other related tasks. 

• Some travel required and these positions are 
available in the Hunt Valley, Md., office.

Sr. Test Engineer (STE-MD)
• Candidate would specialize in the develop-

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

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

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

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

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

We proudly serve customers nationwide and 
around the world.

TTCI is an ITAR registered and JCP DD2345  
certified company that is NIST 800-171 compliant.

https://ttci.com
mailto:careers@ttci.com?subject=AET-MD Engineering ad seen in PCB007
mailto:careers@ttci.com?subject=Test Engineering ad seen in PCB007
mailto:careers@ttci.com?subject=Sr. Test Engineer ad seen in PCB007
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Sales Representatives 
Prototron Circuits, a market-lead-

ing, quick-turn PCB shop, is look-
ing for sales representatives for all  
territories. 

Reasons you should work with  
Prototron:

• Serving the PCB industry for 
   over 30 years
• Solid reputation for on-time 
   delivery (99% on-time)
• Excellent quality
• Production quality quick-turn 
   services in as little as 24 hours
• AS9100
• MIL-PRF- 31032
• ITAR
• Global sourcing
• Engineering consultation
• Completely customer focused 
   team
 

Interested? Let’s have a talk. 
Call Dan Beaulieu at 

207-649-0879 
or email to

 danbbeaulieu@aol.com

Account Manager 
(SPI | AOI | AXI)

 
Omron Automation Americas is  
actively seeking an energetic and  
focused Account Manager to help 
support our Automated Inspection 
Solutions product business (SPI, AOI 
and AXI). 

This position is based within any  
major city covering the Western-
US region (including Dallas, Austin,  
Phoenix and Northern/Southern  
California). The goal is to work inde-
pendently and alongside our strong 
rep. partners in the territory to fur-
ther expand our business in indus-
tries and market segments where 
we have high potential for continued 
success and growth. 

This is a rare opportunity to join the 
dynamic team of professionals at 
Omron and work for a true, industry 
leader. 

To learn more about this exciting 
role, please contact us directly via: 

shawn.arbid@omron.com

https://www.prototron.com
mailto:danbeaulieu@aol.com?subject=Help wanted ad seen in PCB007
https://www.omron.com/global/en/
mailto:shawn.arbid@omron.com?subject=Help wanted ad seen in PCB007
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Siemens EDA
Sr. Applications Engineer
Support consultative sales efforts at world’s 

leading semiconductor and electronic equip-
ment manufacturers. You will be responsi-
ble for securing EM Analysis & Simulation tech-
nical wins with the industry-leading HyperLynx  
Analysis product family as part of the Xpedition 
Enterprise design flow.

Will deliver technical presentations, conduct 
product demonstrations and benchmarks, and 
participate in the development of account sales 
strategies leading to market share gains.

• PCB design competency required
• BEE, MSEE preferred
• Prior experience with Signal Integrity, Power 
   Integrity, EM & SPICE circuit analysis tools
• Experience with HyperLynx, Ansys, Keysight 
   and/or Sigrity  
• A minimum of 5 years’ hands-on experience with  
   EM Analysis & Simulation, printed circuit board 
   design, engineering technology or similar field
• Moderate domestic travel required
• Possess passion to learn and perform at the 
   cutting edge of technology
• Desire to broaden exposure to the business 
   aspects of the technical design world
• Possess a demonstrated ability to build strong 
   rapport and credibility with customer 
   organizations while maintaining an internal 
   network of contacts 
• Enjoy contributing to the success of a 
   phenomenal team

**Qualified applicants will not require employer-
sponsored work authorization now or in the future 
for employment in the United States. Qualified Ap-
plicants must be legally authorized for employ-
ment in the United States.

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

• Engineering
• Quality
• Various Manufacturing
All interested candidates should contact Ar-

lon’s HR department at 909-987-9533 or email 
resumes to careers.ranch@arlonemd.com.

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

Our facility employs state of the art produc-
tion equipment engineered to provide cost-ef-
fective and flexible manufacturing capacity al-
lowing us to respond quickly to customer re-
quirements while meeting the most stringent 
quality and tolerance demands. Our manufac-
turing site is ISO 9001: 2015 registered, and 
through rigorous quality control practices and 
commitment to continual improvement, we are 
dedicated to meeting and exceeding our cus-
tomers’ requirements.

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

https://eda.sw.siemens.com/en-US/
https://jobs.siemens.com/disw/jobs/244336?lang=en-us&previousLocale=en-US
https://www.arlonemd.com
https://www.arlonemd.com/contact-arlon/careers-at-arlon/
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CAD/CAM Engineer
The CAD/CAM Engineer is responsible for review-

ing customer supplied data and drawings, perform-
ing design rule checks and creation of manufactur-
ing data, programs and tools required for the manu-
facture of PCB.

ESSENTIAL DUTIES AND RESPONSIBILITIES
• Import Customer data into various CAM systems.
• Perform design rule checks and edit data to 
   comply with manufacturing guidelines.
• Create array configurations, route, and test 
   programs, penalization and output data for 
   production use.
• Work with process engineers to evaluate 
   and provide strategy for advanced processing 
   as needed.
• Itemize and correspond to design Issues with 
   customers.
• Other duties as assigned

ORGANIZATIONAL RELATIONSHIP
Reports to the engineering manager. Coordinates 

activities with all departments, especially manufac-
turing.

QUALIFICATIONS
• A college degree or 5 years’ experience is 
   required. Good communication skills and the 
   ability to work well with people is essential.
• Printed circuit board manufacturing knowledge
• Experience using Orbotech/Genflex CAM 
   tooling software

PHYSICAL DEMANDS
Ability to communicate orally with management 

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

PCB Field Engineer–
North America Operations 

ICAPE Group is a European leader for printed cir-
cuits boards and custom-made electro-mechanical 
parts. Headquartered in Paris, France, we have over 
500 employees located in more than 70 countries 
serving our +2500 customers.

To support our growth in the American market, 
we are looking for a PCB Field Engineer.

You will work in our North America technical cen-
ter, including our U.S. technical laboratory, and will 
be responsible for providing technical and quality 
support to our American sales team.

You will have direct customer contact during all 
phases of the sales process and provide follow-on 
support as required.

RESPONSIBILITIES INCLUDE
• Feasibility recommendations 
• Fabricator questions and liaison
• Quality resolutions 
• Technical explanation (for the customer) 
   of proposals, laboratory analysis or 
   technology challenges

REQUIREMENTS
• Engineering degree or equivalent industry 
   experience
• 5 years’ experience with PCB manufacturing 
   (including CAM)
• Excellent technical understanding of PCBs
• Experience with quality tools (FAI, PPAP and 8-D)
• Good communication skills (written and oral)

Communication skills are essential to assist the 
customer with navigation of the complex process of 
matching the PCB to the application.

SALARY
Competitive, based on profile and experience. 

Position is full time in Indianapolis, Ind.

https://www.icape-group.com
mailto:rh.recrutement@icape-group.com?subject=Help wanted ad seen in PCB007
https://www.asc-i.com
mailto:HR@asc-i.com?subject=Help wanted ad seen in PCB007
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IPC Instructor
Longmont, CO; Phoenix, AZ; 

U.S.-based remote
Independent contractor, 

possible full-time employment 

Job Description
This position is responsible for delivering effective elec-

tronics manufacturing training, including IPC Certification, 
to students from the electronics manufacturing industry. 
IPC instructors primarily train and certify operators, in-
spectors, engineers, and other trainers to one of six IPC 
Certification Programs: IPC-A-600, IPC-A-610, IPC/WHMA-
A-620, IPC J-STD-001, IPC 7711/7721, and IPC-6012.

IPC instructors will conduct training at one of our pub-
lic training centers or will travel directly to the customer’s 
facility. A candidate’s close proximity to Longmont, CO, or 
Phoenix, AZ, is a plus. Several IPC Certification Courses 
can be taught remotely and require no travel.

Qualifications
Candidates must have a minimum of five years of elec-

tronics manufacturing experience. This experience can 
include printed circuit board fabrication, circuit board as-
sembly, and/or wire and cable harness assembly. Sol-
dering experience of through-hole and/or surface-mount 
components is highly preferred.

Candidate must have IPC training experience, either 
currently or in the past. A current and valid certified IPC 
trainer certificate holder is highly preferred.

Applicants must have the ability to work with little to no 
supervision and make appropriate and professional deci-
sions. 

Send resumes to Sharon Montana-Beard at 
sharonm@blackfox.com.

Plating 
Supervisor 

Escondido, California-based PCB 
fabricator U.S. Circuit is now hiring 
for the position of plating supervisor. 
Candidate must have a minimum of 
five years’ experience working in 
a wet process environment. Must 
have good communication skills, bi-
lingual is a plus. Must have work-
ing knowledge of a plating lab and 
hands-on experience running an 
electrolytic plating line. Responsibil-
ities include, but are not limited to, 
scheduling work, enforcing safety 
rules, scheduling/maintaining equip-
ment and maintenance of records. 

Competitive benefits package. 
Pay will be commensurate 

with experience.

Mail to:
mfariba@uscircuit.com

https://www.blackfox.com
mailto:sharonm@blackfox.com?subject=Help wanted ad seen in PCB007
http://www.uscircuit.com
mailto:mfariba@uscircuit.com?subject=Help wanted ad seen in PCB007
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APCT, Printed Circuit 
Board Solutions: 

Opportunities Await
APCT, a leading manufacturer of print-

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

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

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

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

Become a Certified IPC 
Master Instructor

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

Qualifications and skills
• A love of teaching and enthusiasm to help 
   others learn 
• Background in electronics manufacturing
• Soldering and/or electronics/cable assembly 
   experience
• IPC certification a plus, but will certify the 
   right candidate

Benefits
• Ability to operate from home. No required 
   in-office schedule
• Flexible schedule. Control your own schedule
• IRA retirement matching contributions after 
   one year of service
• Training and certifications provided and 
   maintained by EPTAC

https://www.eptac.com
https://www.eptac.com/about-us/careers/
https://www.apct.com
https://www.apct.com/careers/
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Our library is open 24/7/365. Visit us at: I-007eBooks.com

Thermal Management: A Fabricator’s Perspective 
by Anaya Vardya, American Standard Circuits
Beat the heat in your designs through thermal management design processes. 
This book serves as a desk reference on the most current techniques and methods 
from a PCB fabricator’s perspective.

Thermal Management with Insulated Metal Substrates 
by Didier Mauve and Ian Mayoh, Ventec International Group
Considering thermal issues in the earliest stages of the design process is critical. 
This book highlights the need to dissipate heat from electronic devices.

Flex and Rigid-Flex Fundamentals 
by Anaya Vardya and David Lackey, American Standard Circuits
Flexible circuits are rapidly becoming a preferred interconnection technology for elec-
tronic products. By their intrinsic nature, FPCBs require a good deal more understanding 
and planning than their rigid PCB counterparts to be assured of first-pass success.

The Printed Circuit Designer’s Guide to... Stackups: The Design within the Design 
by Bill Hargin, Z-zero
Finally, a book about stackups! From material selection and understanding laminate data-
sheets, to impedance planning, glass weave skew and rigid-flex materials, topic expert 
Bill Hargin has written a unique book on PCB stackups. Get yours now!

The Printed Circuit Designer’s Guide to... High Performance Materials
by Michael Gay, Isola
This book provides the reader with a clearer picture of what to know when selecting 
which material is most desirable for their upcoming products and a solid base for making 
material selection decisions. Get your copy now!

The Systems Designer’s Guide to ... System Analysis 
by Brad Griffin, Cadence
In this book, the author, Brad Griffin of Cadence, focuses on EM and thermal analysis in the 
context of data center electronics systems. Be sure to also download the companion guide 
for end-to-end solutions to today’s design challenges.

Latest I-007eBooks

https://i007ebooks.com/hpm
https://i007ebooks.com/thermfab
https://i007ebooks.com/tm
https://i007ebooks.com/flex
https://i007ebooks.com/sa
https://i007ebooks.com/su
https://i007ebooks.com
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