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Feeling the Heat of
Rising Input Costs

Nolan’s Notes
by Nolan Johnson, I-CONNECT007

About 10 or 12 years ago, one of the fam-
ily activities I engaged in with my children
was hot air ballooning. At one point, my son
and I even had student pilot licenses for them.
My daughter would have had a license as well,
but she wasn’t quite 14 at the time, which was
a requirement to get a hot air balloon pilot
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license. Most of our time, though, was spent as
volunteers on the ground crew. My kids were
right at middle school age at a that time, so bal-
looning was a grand opportunity to teach phys-
ics, especially Newton’s laws of dynamics.

The typical recreational hot air balloon that
you see at festivals and such, with a basket just
large enough to hold two propane tanks
and three or four people, has the capac-
ity to hold about 90,000 cubic feet of air,
plus or minus. Imagine that nylon enve-
lope holding 90,000 basketballs. At first,
that seems like quite a lot of space, all
floppy and stretchy. Except those bal-
loons are definitely not stretchy.

Current designs for hot air balloons
were, believe it or not, developed by the
U.S. military in the mid-20th century as
a potential “silent entry” military use
vehicle. Ultimately, the propane burn-
ers were too noisy and too bright for
night use'. But the general structure
they developed became the modern hot
air balloon. The structure starts with a
metal ring, milled out of billet alumi-
num, that is about 18 inches in diam-
eter. Attached to that ring are a series
of fabric straps (like those in your car’s
seatbelt), which make up the vertical
support for the balloon. In fact, the bas-
ket will attach to the opposite end of all
these vertical trusses. Horizontal straps
of the same material will wrap around
the balloon, defining the general shape



of the structure. Finally,
the coated, air-tight
nylon is added to enclose
the shape defined by the
straps. Everything hangs
from the top ring; where
the ring goes, so the bal-
loon follows. That’s why
you always see ground
crews holding a rope that
goes to the top of the bal-
loon—they’re controlling
the top ring.

To fly, the balloon’s
pilot adds heat to the
inside of the balloon enve-
lope, creating lift through
convection. Once the
warm air is inside the bal-
loon envelope, the nylon
becomes rigid and remarkably inflexible. With
90,000 cubic feet of space to cover when heat
is applied by the burner, there is a distinct
lag time between applying heat and getting
a response in the flight of the balloon. Thirty
seconds isn’t out of the ordinary, in fact. Stu-
dent pilots have a tendency at first to create a
dangerous oscillation in the balloons’ flight by
pouring on too much heat while the balloon is
still reacting, and then being forced to let heat
out of the top vent to slow the ascent.

Inflation and upward pressure are the per-
fect metaphors for this issue of SMT007 Mag-
azine. The global economy, because of gigan-
tic shifts in supply, demand, and distribution
in the wake of the COVID pandemic, is on
the rise. Demand for product is huge, as is the
demand for upstream materials and compo-
nents. Of course, we have labor shortages and
wage pressures to account for. As a result, this
rapid increase in demand, applied to a fixed-
capacity supply chain, exerts tremendous
upward pressure on pricing. It’s just like hitting
the burner on a hot air balloon that heats up
the fixed capacity of the balloon envelope and
drives the whole contraption upward.

In this issue, we look at how these upward
pressures on input costs are passing through
pricing to your customers. Is there room in
your margins to absorb these cost increases?
Are there ways to change what you do or how
you do it, so that you can minimize the price
increases and possibly gain an extra level of
competitiveness? How do you do your part not
to overcorrect? While we explore these top-
ics inside this issue, I also want to share some
additional perspective.

In a recent conversation with I-Connect007,
IPC Chief Economist Shawn DuBravac, noted,
“If you look at the research that IPC is publish-
ing every month, companies report that orders
are up. But at the same time, costs are up and
profit margins are down. So, they probably
haven’t raised prices as much as they should to
offset higher costs.”

To use the balloon metaphor, we’re not
done pouring heat into that balloon. DuBravac
also states later in that conversation, “On
top of that, I don’t think we’ve seen the end
of price increases. Contracts needed to be
rewritten. And companies needed to see if
the cost increases they were facing were tem-
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porary or more permanent. Prices are up and
companies will need to pass those forward.
But I do think the rate of increase will slow.”
One could conclude that DuBravac is speaking
to the possibility of market oscillation due to
overcorrections.

Of course, labor plays a part in this whole
dynamic. DuBravac shares, “We’ll be more reli-
ant on wage increases and business investment
to drive growth. If you look at IPC’s newly
released indices, the ability to hire skilled labor
remains a major constraint for companies—at
least over the next six months—so I don’t antici-
pate that to improve. In fact, most firms say that
will deteriorate over the next six months. My
rough estimate is that we have nearly 120,000
open jobs in our industry in the U.S.”

As this issue goes to print, we are just wrap-
ping up IPC APEX EXPO in San Diego. I hope
I saw you there. Watch for our upcoming spe-
cial edition of Show & Tell Magazine with IPC
APEX EXPO, out mid-February. sm1007

References
1. Historical development of balloon flight, Britan-
nica.com.
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Global Semiconductor Industry Establishes Annual
Record for Number of Semiconductors Sold

The Semiconductor Industry Association (SIA)
announced global semiconductor industry sales
were $49.7 billion in the month of November 2021,
anincrease of 23.5% over the November 2020 total
of $40.2 billion and 1.5% more than the October
2021 total of $49.0 billion. The cumulative annual
total of semiconductors sold through November

Worldwide Semiconductor Revenues

Year-to-Year Percent Change

2021 reached 1.05 trillion, which is the industry’s
highest-ever annual total.

Monthly sales are compiled by the World Semi-
conductor Trade Statistics (WSTS) organization and
represent a three-month moving average. SIA rep-
resents 98% of the U.S. semiconductor industry by
revenue and nearly two-thirds of non-U.S. chip firms.

“Global semiconductor sales remained
strong in November, increasing substan-
tially on a year-to-year basis across all
major regional markets and semicon-
ductor product categories,” said John

Neuffer, SIA president and CEO. “With
one month of 2021 sales data still to be

reported, the industry has already set a
new annual record for total semiconduc-
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tor sales and units shipped, as chipmak-

ers have substantially ramped up produc-

tion to address high demand.”
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Americas (4.2%), Europe (3.1%), Japan
(11%), and Asia Pacific/All Other (0.9%),
but fell slightly in China (-0.2%).
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Critical Materials,
A Compelling Case, Part 1

SMT Prospects & Perspectives

by Dr. Jennie S. Hwang, CEO, H-TECHNOLOGIES GROUP

The time has come for a deliberate and com-
prehensive national strategy that addresses
critical materials/minerals. Doing so is
increasingly critical to the long-term economy,
national security, and the nation’s global com-
petitiveness.

Establishing Conflict-free Regulations

In the March 2013 issue of SMT Magazine,
my column offered a snapshot of conflict mate-
rials. At that time, four minerals were classi-
fied to be “conflict.” These four essential ele-
ments—tantalum, tin, tungsten, and gold—
have been a key to a variety of end-use appli-
cations for a wide array of industries ranging
from electronics and industrial to consumers,
avionics, and military sectors.

The primary mines of these four essential
elements are situated in the eastern portion of
the Democratic Republic of the Congo (DRC)
and surrounding countries, and the minerals
have been mined in the conditions of armed
conflict and severe human rights abuses in
the region. The region’s armed militia groups
intended to exploit the area’s natural resources.
This pervasive exploitation of natural min-
eral resources in this high-risk area caused
a grave concern by the international com-
munity about the region’s activities. Interna-
tionally, there was an increased attention on
the acute violence and gross human rights
violations in the mining of these minerals.
Accordingly, this region was deemed as “Con-
flict Region.”
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At that time, the companies directly or indi-
rectly sourcing from, or directly operating
in this region, faced higher risk of contribut-
ing to the conflict. To that end, the electron-
ics/microelectronics industry was on the front
line. These concerns spurred much debate and
led to substantial activities by the U.S. Con-
gress in dealing with the issues. After a con-
certed work and plan, the Dodd-Frank Act
eventually passed the U.S. Congress and was
signed into law on July 21, 2010. In August
2012, the U.S. Securities and Exchange Com-
mission (SEC) adopted a rule mandated by
the Dodd-Frank Wall Street Reform and Con-
sumer Protection Act, which requires compa-
nies to publicly disclose their use of conflict
minerals that originated in the Democratic
Republic of the Congo or an adjoining coun-
try. The first required report had to be filed by
May 31, 2014.

Although it is not
illegal to use conflict
minerals, corporate
social responsibility

is on the line.

Basically, the U.S. Conflict Minerals Law
contains two requirements: independent
third-party supply chain traceability audits
and reporting of audit information to the
public and SEC. Dodd Frank 1502 is a disclo-
sure requirement and places no ban or pen-
alty on the use of conflict minerals. However,
a company is required to assess whether any
conflict mineral was “necessary to the func-
tionality or production” of a product man-
ufactured or contracted for manufacture by
the company. To comply with SEC regula-
tion, whether a company, which contracts out
production, holds the influence over the item
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being contracted is also to be assessed and
determined.

Although it is not illegal to use conflict min-
erals, corporate social responsibility is on
the line. The ultimate goal is to be “conflict-
free.” On this front, some corporations are in
the forefront. For instance, Apple released its
“2011 Supplier Responsibility Report,” detail-
ing how it traces its supply chain—first to the
suppliers that created the subcomponents to
their products and then to the smelters that
processed the ores. Intel has conducted “on-
site reviews on smelters” as part of the Con-
flict-Free Smelter Program.

Since then, the conflict minerals have been
“managed successfully.”

Addressing Today’s Critical Needs

With the handling of conflict minerals as an
exemplar, there is perhaps an even more urgent
need to rally another concerted effort to tackle
the critical materials/minerals. Overall, critical
materials/minerals will have an overarching
impact on the entire supply chain to all indus-
tries, and once again, electronics/microelec-
tronics is on the front line.

At present, the supply chain is in an unprec-
edented state, filled with disruptions and hur-
dles as the result of a slew of factors and root
causes. On top of an intertwined, complex sys-
tem, the pandemic for the past two years has
exacerbated the disruptions and further ele-
vated the complexity. Simply put, the funda-
mental supply chain issues can be attributed
to the decades of globalization, off-shore man-
ufacturing, and continuing, fast-paced tech-
nological changes, in conjunction with many
diverse suppliers being embedded in each
product. Consequently, managing today’s
global supply chain is a daunting task; secur-
ing reliable sources of materials/minerals is
becoming ever an uncertainty.

It is time to reignite the spirit and reboot the
system to set out a national strategy incorpo-
rated with a robust plan and actionable agenda
to navigate through the pathway of securing






the critical materials/minerals. It is a challeng-
ing pursuit but can be done.

The goal of a national strategy must embrace
and cut across these multiple fronts to:

* Define “criticality” for materials/
minerals that are critical to the nation’s
economy and security

o Identify the elements that are the
foundational component of critical
materials/minerals

o Verify the natural resources of the
elements

¢ Define the effective sources of critical
materials/minerals

« Ensure the secure availability of critical
materials/minerals

o Tackle on-going supply chain uncertainties

« Build the key capabilities and infrastruc-
ture of critical materials/minerals

« Strike a balance between economy and
environment

« Anticipate future challenges related to
critical elements

o Identify actions and approaches that the
government and the private sector can
take to meet these goals

It will take a global perspective, a holistic
thought process, integrated information, and
collaborative effort among the government,
academia, and the industry to fulfill these goals
and tackle the technologies, processes, and
manufacturability relevant to the arena of crit-
ical materials/minerals. For instance, in busi-
ness operation and management, the long-
term investment in critical materials/miner-
als-related business may warrant deliberations
and shed new light. In corporate governance,
critical materials/minerals should be a board
issue to be watched for in an enterprise risk
management program. In government and
academia, the funding requirements, struc-
ture, and research priorities should be re-vis-
ited, and actions taken accordingly.
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Conclusion

My next column will discuss the key strategic
tenets that should be considered and the spe-
cific materials/minerals that should be deemed
critical to a robust economy and an impecca-
ble national security. I welcome your thoughts
and input on the specific materials and min-
erals that you and your company consider to
be critical to your business, products, and ser-
vices. Please feel free to contact me. SMT1007
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Alex Stepinski:
Taking Control
of Input Costs

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.
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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






SR

Alex Stepinski

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 Al
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 AL

But on the PCB and EMS side, it’s more “Al
light,” or "more-than-Excel algorithms.” Some-
thing we called just a normal algorithm 20 years
ago is now called Al 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
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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 alayer, 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



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 alot 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
tully capitalized equipmentkits, 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.

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.

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
shopisnotan 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.
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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-
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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






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.

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.

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.
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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 “Al 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?






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
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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.






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.

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.

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
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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.






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,
break