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As the electronics industry works to overcome 
an impending staffing and skills shortage, 
it will be the youth who will rise to the chal-
lenge, build on the work of the current indus-
try experts, and move technology into a higher  
orbit. In this issue, we ride along with some ad-
vanced industry research under way by some 
highly creative engineering students who will 
directly affect the future of our industry.
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I’ve been doing some research lately on 
the process of being creative. As manag-
ing editor, this role often encourages (and 
sometimes forces) me to deliver a lot of 
creative material—and on a schedule, 
no less. In some ways, I didn’t know 
I had it in me, this near-ballistic in-
crease in my output. I mean, creativi-
ty is an artistic talent, right? I’m more 
of a mathematician than a musician, 
myself. But coming nose-to-nose 
with that assumption spurred me to 
look into other research on the cre-
ative process. 

One creativity expert is James 
Clear [1] who wrote, “The creative 
process is the act of making new 
connections between old 
ideas or recognizing rela-
tionships between con-
cepts.” Clear continued, 
“Creative thinking is not 
about generating some-
thing new from a blank 
slate, but rather about 
taking what is already 
present and combining 
those bits and pieces in a 
way that has not been done 
previously.”

Search for a definition of “en-
gineering” and Wikipedia deliv-
ers this example: “…the application 
of knowledge in the form of science, math-

ematics, and empirical evidence to innovation, 
design,  construction, operation, and main-
tenance.” Further, “The term  engineering  
is derived from the Latin ingenium, mean-
ing ‘cleverness’ and ingeniare, meaning 
‘to contrive, devise.’” No matter how 
often engineers say that engineering is 
more of a science than an art, it is still 
true that engineering is inherently cre-
ative. 

This issue of PCB007 Magazine 
wraps up our extended coverage of 
the youth in the industry. Youth and 
creativity are two words that tend to 
go together. Based on various indus-
try reports, the ongoing staffing gaps 
that electronics manufacturers face 

is likely to get worse be-
fore it gets better. Unless, 
of course, industry-wide 
steps in leadership and 
creative outreach pro-
grams are enacted. And 
there are two pieces of 
hopeful news in all this.
First, industry groups are 

organizing. SEMI, SMTA, 
NextFlex, and IPC are all 
engaged in educational out-

reach and skill-based train-
ing programs. A number of these 

programs intentionally target the 
excitement of STEM creativity. Aca-

demic youth are being engaged in more 

Nolan’s Notes
by Nolan Johnson, I-CONNECT007 

Youth in the Industry–
Reaching New Heights
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indirect ways, such as sponsored makeathons 
and hackathons.

Second, some university EE programs are in-
creasingly adding practical manufacturing in-
formation to their curricula. We 
looked at one such program at 
George Fox University in De-
sign007 Magazine. In this is-
sue, we dive into discussions 
on some advanced university 
research being conducted by 
some highly creative engineer-
ing students that will directly 
affect the future of our indus-
try.

This issue lifts off in Cam-
bridge, Massachusetts, at 
MakeHarvard. This event 
drew student problem-solvers 
to the Harvard campus; gave 
them access to tools, materi-
als, and expertise; and chal-
lenged them to solve a prob-
lem they selected on-site using 
ad hoc teams. Talk about cre-
ativity under pressure.

Next, I discuss research with 
three doctoral candidates and an 
engineering undergrad. These R&D projects 
were presented as a part of SEMI’s program 
at the FlexTech/MSTC conference in Febru-
ary. Then, right on cue, IPC President and CEO 
Dr. John Mitchell brings us news of IPC’s new 
scholarship programs.

My conversation with Cristina Sandoval cov-
ers the educational outreach programs ramp-
ing up at SEMI. Then, Tara Dunn’s column 
follows up with some new talent entering the 
electronics field.

The NextFlex organization is also actively 
engaged in educational outreach (check out 
our interview with the Flex Factor team in the 
upcoming April Flex007 Magazine). Brynt Par-
menter and Emily McGrath submit a detailed 
article on the ongoing educational partnership 
between NextFlex and DuPont’s Silicon Valley 
Research Center.

Didrik Bech of The PCB Norsemen explores 
how youth and more experienced industry pro-

fessionals can come together to create an ex-
traordinary environment in your workplace. 
With a different take on creativity and innova-
tion, Barry Matties and Averatek’s Mike Vin-

son discuss the future of 
additive and semi-additive 
processes, which provides 
meaningful insight from 
an industry veteran.

Then, the teams at 
Atotech and GreenSource 
Fabrication bring us a re-
port on their ongoing work 
to fill microvias using elec-
trolytic copper plating. The 
authors presented this up-
date at IPC APEX EXPO in 
January 2019; we bring it 
to you here. Also, Michael 
Carano’s column looks at 
OSP performance concern-
ing thickness and microetch. 

We close with the first of a 
series of articles from Next-
GIn CEO Joan Tourné, dis-
cussing his company’s re-

search in rethinking sequential 
lamination, and their development 

of a “vertical conductive structure,” or VeCS, 
process.

It’s no accident that this issue launches with 
students (the youth in our industry) and wraps 
up with ongoing R&D by industry veterans. 
These new researchers, creators, innovators, 
and makeathon participants will drive our in-
dustry long after we have all moved on. The 
future of technological innovation seems to be 
in good hands.  PCB007

References
1. Clear, J. “Creativity: How to Unlock Your 

Hidden Creative Genius,” 2018.

Nolan Johnson is managing editor 
of PCB007 Magazine. Nolan brings 
30 years of career experience 
focused almost entirely on electron-
ics design and manufacturing. 
To contact Johnson, click here.
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MakeHarvard: A Glimpse of Technology to Come
Feature by Kelly Atay

The second annual MakeHarvard engineer-
ing makeathon drew over 370 top students from 
around the world to compete for prizes while 
building engineering prototypes. This year’s 
event was twice as big the inaugural year, and 
it was a thrill observing the prototypes of stu-
dents from both the undergraduate and gradu-
ate levels at the 2019 MakeHarvard makeathon.

Making Makers
MakeHarvard was founded on a belief in 

the importance of maker experience collabo-
ration, encouraging students to come togeth-
er and turn their wildest ideas into something 
real. Applicants were not filtered on previous 
experience but looked at individually to create 
the best possible combination for a successful 
event and an opportunity for students to meet 
people of all engineering levels. Over a doz-
en competitions were available for students to 
register for, including Most Likely to Become 

a Unicorn, Kid’s Choice Awards, Composite 
Materials Design Award, Clean Transportation 
Challenge, Best Use of Google Platform, and 
Best IoT Hack Using a Qualcomm Device.

The event is an outshoot of the broader mak-
er movement, which is essentially a tech-in-
fluenced, do-it-yourself community. It was in-
formally created around 15 years ago around 
Make Magazine—a geeked-out periodical fea-
turing lots of DIY articles for creations, such as 

Sunstone’s first-place winner, Team 42+2.

Figure 1: Watch a video of team 42+2’s MakeHarvard 
submission, the Pipe Crawler.

https://makeharvard.io/
https://www.youtube.com/watch?v=cpC2ykA3824
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VCRs converted into cat feeders and 3D print-
ers. Maker spaces and events have become 
more and more popular, inspiring startups and 
manufacturing innovation as well as clogging 
garages the world over with half-finished ro-
bots and potato cannons.

Mentors and Judges
Sunstone Circuits returned this year after 

sponsoring a judging category for the first 
MakeHarvard event in 2018. If you were there, 
you saw us—our team was hard to miss in our 
bright orange vests (Figure 2). Sunstone em-
ployees served as both mentors and competi-
tion judges. 

As mentors, we were out and about helping 
students and answering questions (Figure 3). 
Students were full of questions, and we were 
eager to help. Sometimes, there were ques-
tions we didn’t have complete answers for at 
the ready, but usually, we were able to sug-
gest a place to find the answer. All the students 
needed was direction, and they were all over 
finding the solution. Problem solved.

Jess, one of the event staff at Harvard, said, 
“We really appreciate the enthusiasm Sun-
stone brings to MakeHarvard. We’re so happy 
that everyone from Sunstone had a great time, 
and thank you for the t-shirts! Our team really 

loved the beautiful PCB trophy.” Elton, anoth-
er staff person, said, “You guys are definitely 
our favorite sponsors!”

Award Winners
As judges, our Make it Matter category fo-

cused on innovative prototypes. The competi-
tion required makers to engineer, build, and 
document a working prototype with significant 
social, personal, or environmental impact that 
incorporated an Adafruit ESP8266 HUZZAH 
breakout board. Teams had 24 hours to come 
up with an idea and bring their creation from 
design to prototype. 

It was clear that these students’ flexibility, 
creativity, and speed gave us a lot to be ex-

cited about with this incoming gen-
eration of makers. We were amazed 
at the ideas these makers came up 
with for our category as well as 
throughout the event. Our team was 
also impressed by the speed with 
which participants built their proto-
types—often having to quickly learn 
complex engineering skills formerly 
foreign to them. Within the allotted 
hours, they built prototypes meant 
to discover cracks and defects in 
pipes, clean oil, and output light, 
among others. The event was full of 
impressive designs and equally im-
pressive prototypes that needed few 
adjustments before they could be 
put to use.

The student projects had all kinds 
of design elements, from software Figure 2: Sunstone Circuits’ booth being visited by students.

Figure 3: Sunstone representative Bob Tise (orange vest) 
works with students.



APRIL 2019   I    PCB007 MAGAZINE    13

ers to breakout boards, design gear ratios and 
drive trains, and using manufacturing tech-
niques for different materials and SparkFun’s 
ESP32 microcontroller.” 

Kirsi Kuutti summed it up by saying, “Make-
Harvard was a hurricane of development. We 
free-handed a drive-train, salad-tossed a sen-
sor interface, and fashioned a web app.” Kuut-
ti continued, “Fueled by sugary drinks and 
excitement to try new tech, we developed a 
prototype of a leak detecting pipeline robot. 
We found the Adafruit ESP8266 Huzzah break-
out board was perfect for what we were try-
ing to accomplish within this 24-hour window, 
and Sunstone Circuits was supportive with 
questions we had. It was a blast to work under 
pressure and create something awesome in a 
short amount of time.”

Though Sunstone Circuits intended to award 
only a first-place prize, we awarded a second-
place prize in our documentation competition 
to Sam Roquitte and Maxwell Stigman from 
Georgia Institute of Technology for their eL 
safety-enhancing adaptive lighting system for 
electric skateboards (Figure 4).  We were im-

on complex platforms and different program-
ming languages to hardware engineering of all 
kinds. It was truly amazing to see what these 
teams could do in a short amount of time. 
The myriad of skills on display ranged from 
concept design to advanced coding with real-
world platforms, such as AWS. Some projects 
featured mobile apps and websites. Further, we 
saw real 3D objects designed, printed, and in-
tegrated into projects with documentation that 
would make most corporate projects envious.

Judging for this event is tough because there 
were so many great ideas and prototypes that 
deserved recognition; it was nearly impossible 
to choose just one to award. Around 100 stu-
dents comprising 20 teams competed in our 
category. In the end, the first-place winner for 
Sunstone’s documentation competition was 
a robot pipe crawler designed by Team 42+2 
comprised of Rajvi Shah, Dawson Rosell, Des-
mond O’Connor, and Kirsi Kuutti. Designed to 
crawl along pipes and detect cracks or other 
faults in the material, their prototype went 
through several iterations over the course of 
the event before the final version was submit-
ted for judging.

Team member Rosell said, “MakeHar-
vard was an incredible experience. I got 
to work with people I had never met be-
fore, learn how to work with programs 
and boards I’ve never used before, and 
spend 24 hours problem-solving!” He 
continued, “This event presented me 
with an opportunity to think outside of 
the box and make the most of the lim-
ited materials we had to work with.” 

Team member Shah further added, 
“The Sunstone documentation challenge 
pushed us to our limits.” He continued, 
“It made us solve a real-world problem 
by helping the industrial sector. Harvard 
University, our robot, and the Sunstone 
challenge were all about innovation and 
persistence, helping us make our pas-
sion into a possibility.” Comments from 
Team 42+2 included, “At this hackathon, 
we learned new techniques during this 
challenge: how to program a web server 
on a microcontroller, solder pin head-

Figure 4: Sunstone’s second-place winners Sam Roquitte (top) 
and Maxwell Stigman (bottom).

https://www.youtube.com/watch?v=QPpBLTH-7bQ&feature=youtu.be
https://youtu.be/cpC2ykA3824
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simplicity than is currently used 
when oil spills, won the Compos-
ite Materials Design Award spon-
sored by Dixie Chemicals. Com-
bining an oleophilic/hydrophobic 
composite filter with flow meters 
and pressure sensors, the device 
filters out water to only absorb oil 
while reporting success back to a 
laptop or computer. The students 
who built the prototype were 
largely unfamiliar with the Ardu-
ino language, soldering, and use 
of rapid prototyping, all of which 
proved central to their project. 
Overall, they managed not to just 
understand but master each and 
use them as needed for their pro-
totypes. Team members included 

Katherine Nelms, Wyatt Phillips, Sabrina Meli, 
and Haley Higginbotham.

Beam Print
Beam Print by Team 46 was another stand-

out prototype we observed that was built to 
simplify the laser cutting process and stream-
line rapid prototyping. None of the members of 
team members had experience in AR or app de-
velopment, which were central to the success 
of their device. Team members Dieter Brehm, 
Sam Daitzman, Dhara Patel, and Jonathan Kel-

pressed by the relevancy of their design based 
off of a need they had experienced in their 
lives, and their willingness to learn new skills 
alongside the engineering flexibility they had 
to solve a real-world problem.

When reflecting on their MakeHarvard expe-
rience, Roquitte and Stigman commented, “We 
were able to build a very complete and polished 
project.” Further, they said, “We learned some 
new soldering skills and Android studio/app de-
velopment. We believe that this project could 
make traveling on electric skateboards much 
safer. We also believe that this will promote the 
use of electric skateboards, which are a clean 
and practical mode of transportation. We will be 
looking into developing that project further and 
potentially turning it into a product.”

Other Impressive Prototypes
Outside of our competition category, three 

other prototypes that impressed us included:

• Hydrophobe unmanned surface vehicle 
   (USV)
• Beam Print 
• CocoGogo

Hydrophobe USV
Hydrophobe USV, a device meant to fil-

ter and clean oil with greater efficiency and 

Figure 5: Some competitors arrived with their own equipment. This student- 
made 3D printer is one example of the home-brew gear on hand.

Figure 6: Beam Print team accepting the BMW Applied 
AR/VR Award.

https://devpost.com/software/beam-print
https://devpost.com/software/hydrophobe-s-usv
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“We learned how to use many new ma-
chines, including the horizontal band saw and 
laser cutter, which were both very helpful for 
our device,” commented the team. “We also 
learned the importance of rest in the design 
process. We came back to work more energized 
and eager to continue,” they added. Moving 
forward, the team wants to “try and iterate on 
our design to make it work even better.”

Conclusion
By the end of MakeHarvard 2019, the entire 

Sunstone team was exhausted but overjoyed 
by the success of the event. We saw numer-
ous prototypes and met so many enthusiastic 
students, and the event was a great success. 
We are already busy discussing next year’s 
MakeHarvard makeathon and how we can 
help make it better. Interested in being a pos-
sible sponsor next year? Email makeharvard@
gmail.com.  PCB007

Kelly Atay was born and raised in the 
Pacific Northwest and has over 30 
years of real-life experience serving 
customers and helping them suc-
ceed. Kelly came to Sunstone Circuits 
in 2004 as a technical support team 
member and has held a few different 

roles at Sunstone. Now the marketing program manager, 
she enjoys being involved in all aspects of the customer  
story. To read columns from Sunstone, click here.

ley won the Applied AR/VR Award sponsored 
by BMW. We wouldn’t be surprised if this de-
vice or something similar to it becomes widely 
used in rapid prototyping.

Team 46 said, “We are incredibly proud of 
the work in our iOS AR app and our use of the 
microcontroller as a wireless network handler. 
No one on our team had any prior experience 
in AR or app development, so we learned a lot 
of technical skills related to these fields.” When 
asked about future plans, they explained, “We 
hope to continue prototyping and to develop 
our software and hardware to complete more 
complex tasks.”

CocoGogo
We were also impressed by the CocoGogo 

hand-cranked coconut shredder, though for 
different reasons than many of the other pro-
totypes. CocoGogo was built in response to an 
opportunity one of the team’s members saw 
when they lived in Tanzania where women 
spent hours shredding coconut by hand. The 
team behind the device proved design skills 
and a willingness to challenge the assumed 
rules could result in a simple solution. The 
PVC pipes, joints, and wooden box making up 
the shredder didn’t involve software, yet the 
device won the Best Overall Award and the 
Kid’s Choice Awards sponsored by Infosys. 
Team members included Jeremy Skoler, Mia 
Skaggs, Caroline Rausch, and Maal Bhat.

Figure 7: The audience members enjoying one of the 
sponsor’s presentations.

Figure 8: MakeHarvard participant, Allan Cramblitt, 
sketches out a portion of his team’s design.

mailto:makeharvard@gmail.com
mailto:makeharvard@gmail.com
http://design.iconnect007.com/index.php/column/113878/connect-the-dots/
https://devpost.com/software/cocogogo
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Feature Interviews by Nolan Johnson
I-CONNECT007

PCB fabrication is a technical business. 
There’s chemistry, machinery, and complex 
processes that need to be followed in a com-
petitive environment that changes constantly. 
Still, the industry continues down an evolution-
ary, rather than an revolutionary, path, but that 
may be changing. Cutting-edge automation, ar-
tificial intelligence (AI), machine learning, and 
Industry 4.0 are all part of the response to the 
increasing demands for printed circuit boards 
that are not only faster, smaller, and cheaper 
but also higher-frequency, lower-loss, more 
temperature tolerant, and higher reliability. In 
many cases, it will be unique and advanced re-
search coming out of the university system that 
will help move the industry forward.

In this article, I introduce you to four students 
who are examples of the caliber of research be-
ing undertaken by the youth of this industry. 
Meet Goutham Ezhilarasu, Tony Verghese, Sa-
meeksha Katoch, and Emma Pederson—three 
doctoral candidates and an undergraduate en-
gineering student. I became acquainted with 

them at the recent FlexTech conference hosted 
in Monterey, California, by SEMI in February 
2019. Among them, the basic research they’re 
conducting includes the development of mate-
rials that can either act as a heat exchanger and 
a thermal sensor (Tony Varghese), AI learning 
techniques for equipment optimization (Sa-
meeksha Katoch and Emma Pederson), and 
embedding ICs in flexible interconnect packag-
ing (Goutham Ezhilarasu). These four students 
discuss their work, goals, and student careers. 

Nolan Johnson: What university do you attend, 
and can you tell me about your research proj-
ect?

Tony Varghese: I attend Boise State University 
where I’m doing my Ph.D. I’m in the final 
year of my degree program, and my work is 
focusing on flexible thermoelectric generators, 
which produce electricity based on waste heat 
or temperature difference. They can also be 
used as a thermohaptic instrument, so it can 
produce heat and cold based on the direction 
you apply current to it. Finally, they can be 
used for temperature sensing.
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Sameeksha Katoch: I’m a Ph.D. student at Ari-
zona State University, working with Emma 
Pedersen, who is an undergraduate student. 
And she is working in the NSF Research Ex-
perience for Undergraduates (REU) program at 
the SenSIP center funded by the National Sci-
ence Foundation I/UCRC program and industry 
members (i.e., Raytheon, NXP, Intel, Sprint, 
etc.). We do a couple of projects where a lot 
of undergraduate students can gain research 
experience. The NSF cyber-physical systems 
(CPS) project that Emma is currently working 
on is related to fault protection in utility-scale 
solar arrays.

Emma Pedersen: I’m pursuing a degree is in 
aerospace engineering at Arizona State Univer-
sity.

Goutham Ezhilarasu: I’m a Ph.D. student at the 
University of California, Los Angeles (UCLA). 
And I work on flexible hybrid electronics. I’m 
demonstrating flexible hybrid electronics using 
a process called fan-out wafer-level packaging 
(FOWLP), which is a technique popularized by 
TSMC (Taiwan Semiconductor Manufacturing 
Company). You demonstrate a full system by 
reconstituting a wafer around the dies. What I 
mean by that is you first assemble the dies on 
a wafer with an adhesive on top, and then you 
pour the molding compound and let it cure so 
that the dies are later embedded in the mold-
ing compound.

_____________________________

Then, we had separate conversations about 
their respective research. First up was Tony 
and his work on thermoelectric generators. 
Tony describes the current industry situation 
to give his work some context.

Tony Varghese: Most of the devices you see in 
the market are bulk; they are pretty solid and 
rigid. This project focuses on transforming 
them into flexible devices so that you can con-
nect them into flexible sensors, and eventually 
have self-powered sensors and devices. The 
main property we are looking for in thermoelec-
tric material is called the figure of merit (ZT), 

which is dependent on 
the electrical conductivi-
ty, thermal conductivity, 
and Seebeck coefficient 
of the material. In the 
first process, we devel-
op this thermoelectric 
material using a screen-
printing technique. We 
develop the material to 
get a ZT of one, which 
is very close to bulk devices. Our first goal was 
to replicate the value in the bulk devices using 
the flexible additive manufacturing technique. 

We did that with the screen printing thermo-
electric legs and were able to develop using a 
four-leg, 54 microwatts of power and with a 
temperature difference of 80°C and a power 
density of 18.8 milliwatts per square centi-
meter. That’s a very high power density, and 
we can further improve the power density by 
stacking more legs on this smaller radius. So, 
that’s where we came up with this aerosol jet 
printing because it has very fine features and 
they can print more than legs on a smaller area 
and improve the power density.

Another technique we use is photonic sin-
tering. It takes eight to 10 hours for the nor-
mal thermal sintering of this material. With 
the photonic sintering, we were able to reduce 
it to milliseconds, so it is a very fast process. 
Now, you can print and sinter in a conveyor 
belt. You print it, upload to the photonic sinter, 
and it’s done. 

Nolan Johnson: It’s fast, conveyorized, replica-
ble, and reliable.

Varghese: And it reduces the cost considerably. 
The cost of manufacturing is almost 80–90% 
production. In a conventional process, all of 
this takes place in a semi-additive process. You 
have to press it and heat it, and again, it could 
take up to 10 hours to finish the process, and 
time is money. To do this, we make our own 
nanocrystals with the right material and tune 
the nanocrystal size and dimensions; then, we 
make it into an ink. First, we tune the ink prop-
erties to be compatible with aerosol printing. 

Tony Varghese
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Next, we study what substrate we’re going to 
print. We study the surface chemistry of the 
substrate, check the conduct handling, and see 
how we can improve the wettability of the ink 
onto the surface and adhesion. 

All of these properties are important for ther-
mal sintering because the thermoelectric ma-
terial and substrate that you’re using on both 
have a different coefficient of thermal expan-
sion. Photonic sintering has a very short time 
and high energy pulse. If you have a very dif-
ferent coefficient of thermal expansion, the ma-
terials will break apart and the filling doesn’t 
stick very well to the substrates. 

We can print onto flexible Kapton and tubu-
lar substrates. The idea is that if you have heat 
or a cold pipe, with the 3D conformal printing, 
one option is to print on a flexible substrate 
and wrap it around the tube. The other op-
tion is to print directly onto the tube. If you 
print directly onto the tube, you can harvest 
the heat coming out of the tube easier and 
more efficiently than by wrapping something 
around it. 

That was the idea for conformal printing, 
and when we started doing that, we found 
that there was a lot of porosity inside the fill-
ing once we print because aerosol jet print-
ing is more like spray printing. It can be ran-
dom stacking of the material and evaporating 
solvent while printing on it so that it creates 
some bubbles and holes in the filling. We ap-
plied some isostatic pressing so that it would 
densify the filling, reduce the interface contact 
resistance, and allow more contact area. It also 
helps to have better photonic sintering.

Johnson: Is the idea to custom formulate nano-
crystals, formulate them into an ink that works 
in an aerosol spray, and make sure that you’ve 
characterized the material you are using to 
match the ink for adhesion? Because it’s an 
aerosol spray, do you have to do a little bit of 
compressing?

Varghese: You densify the filling so its electri-
cal conductivity will be improved much higher 
than just spraying on it. It will densify and im-
prove the conductivity by photonic sintering.

Johnson: So, you’ve characterized and treated 
an ink for a particular substrate. 

Varghese: Correct. Once you optimize for Kap-
ton substrate, the ink can be modified easily 
for other substrates, such as glass, transparent 
polymers, or even photo paper. It is important 
to modify the substrate surface to improve the 
adhesion between the material and substrate 
by using oxygen plasma and chemical washing 
of the surface.

Johnson: That’s exactly what I was trying to 
ask. And then, of course, you also have all of 
the work with sintering. 

Varghese: Yes. We did a photonic sintering 
study. First, we made a model of the material 
to help us narrow down our sintering condi-
tions. By studying the model with different en-
ergy and pulse duration, we can understand 
how much heat is generated in the material. 
Then, we compare the results with our experi-
mental methods to see that it reduces the re-
sistance and increase electrical conductivity at 
those conditions. Comparing the modeling and 
experimental study it is possible to fine-tune 
the sintering conditions to get the best material 
properties using photonic sintering.

_____________________________

Sameeksha and Emma explained their work 
next. While I can’t say for certain that Emma 
was the only undergrad in attendance, she was 
the only non-doctorate student I met while there.

Nolan Johnson: Emma, tell us a little bit about 
the project.

Emma Pedersen: We’re 
trying to address is max-
imizing power output by 
changing the topology of 
the photovoltaic (PV) ar-
rays. On each panel, we 
have a smart monitoring 
device (SMD) connected 
to a switching matrix. 
The smart monitoring Emma Pedersen
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device picks up different inputs, such as irra-
diance, temperature, voltage, and current. But 
what’s really cool about it is that it can switch to-
pologies by itself through the switching matrix.

We’ve been using machine learning to help 
identify which faults are happening on the cur-
rent-voltage (I-V) curve. With traditional clus-
tering techniques, the actual data that we need 
is covered; the only thing that it will give us ac-
curately is ground and arc faults while shading 
is difficult to identify. So, we need to monitor 
in a different way. Instead of an unsupervised 
technique, we need a supervised technique be-
cause it’s important to know the type of fault. 

Since we can’t use the unsupervised tech-
nique, instead, we can do a classification tech-
nique where we have the input vector from the 
data that we collect from the smart monitoring 
device. And we create these prototypes mod-
els ourselves that will tell you how similar the 
features are to the actual fault. For example, 
in arc and ground faults, these are the specific 

characteristics that occur rather than just look-
ing at the drop in the voltage and current. The 
algorithm will output how similar it is to each 
model. Specifically, it compares the input vec-
tor with each prototype, assesses output how 
similar it is, and then assigns a weight. This 
process will continue until the correct weights 
are found. 

Johnson: What are some applications that you 
perceive for this work?

Sameeksha Katoch: Right 
now, what we’re look-
ing into is improving 
the power efficiency for 
the solar array. We have 
a small testbed (thanks 
to the NSF CPS project) 
with smart monitoring 
devices attached to each 
panel. Each panel can 

REU student poster competition by Emma Pedersen.

Sameeksha Katoch
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talk to its neighbors, and there is a relay con-
nected to every neighbor. The connected relay 
means you can change the connections based 
on whether a particular panel is not working 
well, for example. If one panel is not efficient, 
you can bypass that panel. That’s how you can 
change the topologies we can make connec-
tions between a different number of panels.

The questions that follow include how do 
you change those panels? How do you know 
when the topology is going to change? And 
when are you required to change the topology? 
One way is to study the panel’s output over 
a period of time. You might see, for instance, 
that a particular panel didn’t work up to its 
optimum. But that doesn’t serve our purpose 
because already we’ve wasted a huge amount 
of time reading the panel values, so we try to 
automate this process.

The first thing we try to do is we have a cloud 
movement prediction algorithm. We use an ap-
proach called nowcasting, which predicts at 
what speed and in which direction the clouds 
are going to move. Based on that shading, we 
can change the topology. For example, a par-
ticular section of panels could become shaded, 
which means the power output will go down. 
We can bypass those panels.

Johnson: So, based on weather conditions that 
you have monitored and studied in the past, 
you have a predictive awareness of what’s go-

ing to happen tomorrow and can be roughly 
prepared for it?

Katoch: Yes. Now, different faults need differ-
ent kinds of topology. You have to identify a 
panel as faulty so that you can bypass it, and 
you cannot do it if you don’t know whether 
the panel is faulty. To determine that, you use 
many automated ways, such as AI clustering 
techniques. That is an unsupervised machine 
learning technique with the two basic faults—
ground and arc faults—unlike the normal pan-
els. We have to identify three clusters of ground 
faults, normal working panels, and arc faults. 
In the case of shading and soiling, you see a 
similar I-V curve, only the voltage at maximum 
power (VMP) and current at maximum power 
(IMP)decrease. 

Clusters will form around the same region, 
and that’s where the system cannot differen-
tiate. To solve this problem, we switch from 
unsupervised to supervised techniques. That’s 
why we use a fully connected neural network. 
At this point, we have a training data set. And 
in the training data set, we have the relation-
ship defined. For example, this particular kind 
of data gets generated when there’s a ground 
fault, or this other kind of data is generated 
when there’s an arc fault, shading, or any oth-
er faults. 

Once the model has that set of conditions de-
fined, based on the input features, the neural 
network output gives the type of fault. Then, 
we try to minimize the difference between the 
maximum power output from that vicinity to 
the power output that is generated. When you 
optimize this loss, the weights between the neu-
rons are learned. Once the weights are learned, 
when new input comes in, these weights help 
identify which fault is causing the change. 
That’s the basic idea. Emma has characterized 
three categories of outputs, which are scalable 
to much more faults. We also submitted papers 
and patents on this research.

Johnson: A lot of these fundamental concepts 
must be transferrable. For example, I have a per-
sonal interest in sailboats, which can be dynam-
ic platforms and could easily stress solar panel 

Sameeksha Katoch with winning poster.
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optimization. There are all sorts of optimization 
issues to deal with, including motion, sails creat-
ing shade, moving with the sun, etc. It’s a much 
smaller, but perhaps even more dynamic envi-
ronment than a large-scale solar power station.

Katoch: We are actually looking into extending 
this work to various types of different condi-
tions, such as wind variations, humidity, dew 
point, temperature, etc., where other param-
eters also come into play. I am working on de-
veloping other applications using these param-
eters, so that’s in our future. 

_____________________________

I closed with Goutham and a further expla-
nation of his work on fan-out wafer-level pack-
aging.

Goutham Ezhilarasu: In 
addition to what I men-
tioned earlier, initially, 
we have a silicon han-
dler wafer on which we 
laminate a thermally de-
bondable adhesive tape. 
We pattern alignment 
marks on the tape and 
complementary align-
ment marks on the dies 
to integrate. Then, we can use a standard pick-
and-place tool to align and place the die on 
the tape. We have demonstrated less than one-
micron alignment accuracy. 

When we assemble the die, we pour our 
molding compound, which is polydimethylsi-
loxane (PDMS), a biocompatible, viscoelastic 
polymer. We use a second silicon handler wa-
fer with another adhesive tape but at a higher 
debonding temperature, which we use to com-
pression-mold the PDMS. Once we cure this, 
we heat the stack to the release temperature 
of the first adhesive tape so that it comes out. 
When the handler wafer debonds, we get a 
very flat surface. 

Then, we deposit some stress buffer layers. 
The stress buffer layers are needed as you can-
not directly metallize on PDMS due to CTE mis-
match between copper and PDMS. We also lith-

ographically pattern certain vertical structures 
called corrugations. Next, we use standard sili-
con processing to electroplate copper wires to 
a thickness of about seven microns, connecting 
the dies. We repeat this process by putting a di-
electric, creating vias and the second metal so 
that we can get multiple layers of metal.

Nolan Johnson: It looks like a Mylar flexible 
circuit, but you have silicon components built 
into it. And as you’re building up these layers, 
I can see what would normally be intercon-
nects in each of those layers. 

Ezhilarasu: Yes.

Johnson: How many layers can you do?

Ezhilarasu: We have shown two, but we are 
planning to go up to four. We do a bending 
test down to a one-millimeter bending radius. 
When we go higher, there’s enormous strain. 
At the one-millimeter bend, when you have so 
many metal layers, the wires buckle, resulting 
in some delamination. 

Johnson: A one-millimeter bend is a pretty ag-
gressive test. 

Ezhilarasu: It’s almost like folding.

Johnson: This research is part of your work as 
a doctoral student. What’s your intention once 
you finish your program? Are you pursuing 
this in the industry or moving on? 

Ezhilarasu: Most of the work that was done can 
be pushed out into commercialization, which 
we intend to do since the process is well-es-
tablished. We have already published several 
papers on this. We are also working with the 
medical school at UCLA to try to develop a 
neural implant. That’s how we hope to dem-
onstrate some real-world applications. 

Johnson: Give me a sense for the complexity 
of the circuit you achieve. Are you able to go 
denser and more complex in this technology 
than what’s currently out there in production?

Goutham Ezhilarasu
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Ezhilarasu: Yes, and I think 
that’s one of the main selling 
points. Conventional flexible 
hybrids use printing to define 
the interconnects. The prob-
lem with printing is that you’re 
limited by the wire pitches that 
you can achieve. You can typi-
cally achieve course pitches in 
the hundreds-of-microns range, 
as well as interconnects that 
have a higher sheet resistance 
because they are usually made 
with some sort of nanoparticle-
based ink. 

The main thing that limits the 
pitch that we can achieve is the 
die shift. What ends up hap-
pening is that when you cure 
the molding compound, it ex-
erts forces on the die that can 
shift it by a small amount. The-
oretically, that’s what limits our 
wire pitch. We can demonstrate 
up to 20 microns interconnect 
pitch at the moment with the 
die shift that we have. But if 
we reduce the die shift further, 
and because we use silicon pro-
cessing, there’s no limit to what 
pitch we can attain. We can 
even go down to one micron.

______________________

Before we finished, I circled 
back around to Sameeksha and 
Emma who shared a bit more 
detail about the programs at Arizona State Uni-
versity that created this opportunity for them 
to attend FlexTech/MEMS Conference.

Nolan Johnson: Emma, what year in school are 
you?	

Emma Pedersen: I’m in my second year of un-
dergrad. 

Johnson: And Sameeksha, you’re a doctoral 
candidate?

Sameeksha Katoch: Yes. 

Johnson: You’re obviously very involved in this 
program as a mentor, and this is just one of the 
projects that you’re doing under the program. 
Tell me about the program. 

Katoch: We have one program throughout the 
summer and one throughout the semester. In  
the summer, it depends on what project is 
underway in the lab, but our lab primarily  
works on machine learning and sensor analyt-

UCLA student poster competition by Goutham Ezhilarasu.
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ics and using those tools for different applica- 
tions. We teach undergraduate students intro-
ductory machine learning algorithm that they 
can use to get started with research.

We teach them the basics, such as training 
and testing, different loss functions, and unsu-
pervised versus supervised techniques. These 
are very foundational, but undergraduate stu-
dents don’t have that exposure, so we give it 
to them along with hands-on practice on small 
datasets where we can manage them. Once 
they understand the concepts, they can scale 
to bigger datasets and real issues. 

Johnson: You must be new to the program, Em-
ma. What are your first impressions?

Pedersen: It’s amazing. I love it so much. 

Johnson: What was your objective in getting 
involved?

Pedersen: I really enjoy coding, and I felt like—
especially in aerospace—they don’t make you 
take many coding classes. I’m taking intro to 
Java right now just for fun. I’ll use it later on, 
but I was more interested in the machine learn-
ing side of it, so it has been fun. 

Johnson: What are your takeaways so far, and 
what have you learned doing this project?

Pedersen: I’ve learned an incredible amount of 
machine learning. I didn’t have much experi-
ence coming in, so being able to see examples 
has been helpful. I attend a lot of seminars  
as well. And even just interacting with 
Ph.D. students who are on these projects is  
valuable, such as learning how to present 
a research project. So, I’m gaining skills in  
machine learning and technical topics that 
I will not get in classes in addition to prac-
tice with public speaking and giving presenta- 
tions. 

Johnson: Right. As we have this conversation, 
we’re standing in the aisle for this conference 
with all of these professionals, vendors, Ph.D. 
candidates, and industry leaders walking by 
and asking you to explain your project. I’m 
sure it makes it very humanizing for you. 

Katoch: Science can be used in many applica-
tions. Learning science doesn’t help unless you 
know how to apply it to what you are doing. 

Katoch: It took me some time to think about what 
applications this could have, and that is some-
thing I think a lot of students can learn thanks to 
the SenSIP REU programs. Students can gain the 
realization like I did that a single algorithm can 
be used in different ways, for example. 

__________________

As we wrapped up, I asked each of the four stu-
dents how they saw their research being applied, 
and whether they planned to continue in this re-
search after their doctorate.Their responses were 
enthusiastic.

Johnson: Tony, is this technology production 
ready? Are you taking it to market?

Tony Varghese: We haven’t completely finished 
it yet. I’m a student, so this is research and de-
velopment. Next, we are planning to improve 
the material property. When we make the ma-
terial, we can observe the powders are made 
of a different number of layers. So, our next 
step is to separate single layers from this group 
of materials and make an ink with it for print-

Goutham Ezhilarasu with winning poster and holding the 
award he received from the FlexTech Conference— 
Second Place Award “Innovation of the Future.”
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ing. Thus, when we print it, we have a better 
chance of improving the properties. 

Johnson: When you’re done with your pro-
gram and have your doctorate, do you intend 
to continue with this work?

Varghese: I do. I acquired a post-doctoral posi-
tion there, so I intend to finish up with a better 
result than what I have currently at the doctor-
ate level.

Johnson: Congratulations, and thanks for walk-
ing me through your project. This looks very 
promising. 

Varghese: Thank you.

Nolan Johnson: Sameeksha, do you plan to 
continue on this path of work after you finish 
school?

Sameeksha Katoch: I am working on a couple 
of different projects with deep learning model 
development for different data modalities, in-
cluding EEG data classification, audio source 
separation, image subsampling, and texture 
and cloud movement prediction. All of these 
models have been optimized for time and com-

putational complexity. I definitely think they 
can be scaled for use in commercial products. 

Johnson: Goutham, do you have plans to con-
tinue with this research after completing your 
degree?

Goutham Ezhilarasu: Yes. I plan to continue re-
search on flexible electronic packaging after 
my doctorate.

_____________________________

Similar research is taking place at technical 
universities worldwide. These three teams of 
university researchers were among a dozen 
or more present at the FlexTech/MEMS con-
ference, with an untold number of teams not 
in attendance. Work continues with develop-
ing new and innovative temperature control 
and monitoring with industrial applications 
(Tony Varghese), software models that bring 
AI and machine-learning models to a wide 
variety of applications (Sameeksha Katoch 
and Emma Pederson), and packaging/in-
terconnect methods (Goutham Ezhilarasu). 
The foundational pieces for the evolution of 
our industry continue. And somewhere, in 
all of this work, is a revolution waiting to 
happen.  PCB007

A research team at The Ohio State 
University has discovered a way to 
simplify how electronic devices use 
electrons by using a material that 
can serve dual roles in electronics. 
Historically, multiple materials were 
necessary. The team published its 
findings in Nature Materials.

Their findings could mean a revamp of the way en-
gineers create different kinds of electronic devices 
from solar cells to the LEDs in your television, the tran-
sistors in your laptop, and the light sensors in your  
smartphone camera. Traditionally, each part of the elec-
tronic device could only act as an electron-holder or a 
hole-holder, but not both. That meant that electronics 

needed multiple layers and materi-
als to perform.

But the researchers found a ma-
terial—NaSn2As2, a crystal that 
can be both an electron-holder and 
a hole-holder—potentially eliminat-
ing the need for multiple layers. The 
finding could simplify our electron-

ics, perhaps creating more efficient systems that operate 
more quickly and break down less often. The research-
ers named this dual-ability phenomenon “goniopolarity.” 
They believe the material functions this way because of 
its unique electronic structure and say it is probable that 
other layered materials could exhibit this property.

(Source: The Ohio State University)

Researchers Discover New Material to Help Power Electronics
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Formally launched during IPC APEX EXPO 
2019, the IPC Education Foundation (IPCEF) 
focuses on strengthening and shaping the 
emerging workforce by providing educational 
opportunities, connecting the emerging work-
force with industry opportunities, improving 
the perception of the industry, and offering 
scholarships to deserving students.

As we encourage careers in the 
electronics industry, we recognize 
that there are costs associated with 
educational pursuits. To ad-
dress that issue, IPCEF is 
providing scholarships to 
students and teachers to 
provide growing sourc-
es of funding for eli-
gible individuals. We 
opened the first of two 
scholarship programs to 
participants on March 4, and 
we are just getting started. There 
are currently eight scholarship opportu-
nities available open 
to a small applicant 
pool based on eligi-
bility requirements.

Our first scholar-
ship, offered to educators, is the  Michael V. 
Carano Teacher Excellence Award, supporting 
the professional development for second-
ary and post-secondary educators pursuing 
training related to the electronics industry. 
The Carano Award recognizes the extraordi-
nary contributions that IPC Hall of Famer and 
highly sought after international professional 

Calling All Scholars and Educators: 
IPCEF Launches Scholarship Program

development instructor Michael Carano has 
made to the electronics industry. The award 
includes a $1,000 scholarship and a one-year 
membership pass to IPC EDGE, IPC’s online 
learning platform. Students can nominate their 
educator (e.g., teacher, professor, faculty advi-
sor, etc.) for the Carano Award. 

The second scholarship program,  The IPC 
Student Chapter Scholarship, helps to identify 
and encourage talented and focused IPC Stu-

dent Chapter members to pursue careers 
in the electronics industry. The IPC 

Education Foundation has launched 
seven IPC Student Chapters with 

a goal of 50 student chapters 
by the end of 2019. Current-

ly, only student members 
at Auburn, North Caro-

lina State, Sacramen-
to State, Central 
Carolina Commu-
nity College, Gwin-

nett Technical College, Mich-
igan Technical University, and 
Triton College are eligible for 
this $1,000 annual award. 

The success of the IPCEF 
relies on the partnerships be-

tween industry leaders and educational institu-
tions, and IPC facilitates this unique opportu-
nity for industry and education to prepare en-
gineering students with knowledge specific to 
the electronics industry. Two partnerships that 
have led the way in this effort are Weller Tools 
and Calumet Electronics, each with a unique 
approach to the issue. 

One World, One Industry
Feature Column by Dr. John Mitchell, IPC—ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES
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Weller Tools is sponsoring the annual stu-
dent fee for IPC student members, providing 
students access to industry produced video 
courses, IPC standards, and the benefit of IPC 
membership including additional industry 
courses at member discounted rates. 

Calumet Electronics, another critical indus-
try partner, is helping college students at Mich-
igan Technical University enter the electronics 
sector better prepared with specific knowledge 
and skills, giving them an advantage in the job 
market. Companies benefit because their job 
candidates come to the table with specific, in-
dustry knowledge.

As someone who values education on a day-
to-day basis and as an academician (I hold an 
Ed.D.), finding ways to make education more 
available to more people is very important to 
me, particularly in the electronics industry, 
suffering from a critical skills gap. I am so en-
couraged by the support and generosity of the 

industry as we work to secure additional fund-
ing to make engineering careers accessible to 
interested students regardless of their financial 
situation.

We welcome your help and participation. If 
you are interested in sponsoring a name-brand-
ed scholarship to enhance the academic pur-
suits of the up and coming workforce, please 
reach out to Charlene Gunter du Plessis, di-
rector of strategic partnerships and programs, 
at CharleneGunter@ipc.org. You can also visit 
www.ipcef.org for more information. 

Let’s build a strong and competitive work-
force together.  PCB007

Dr. John Mitchell is president and 
CEO of IPC—Association Connecting 
Electronics Industries. To read 
past columns or contact Mitchell, 
click here.

Physics and Astronomy in the School of Arts and Scienc-
es at Rutgers University–New Brunswick. “Previously, to 
change the intensity of photoluminescence, you had to 
change the temperature or apply enormous pressure to a 
crystal, which was cumbersome and costly. We can do it 
simply within a small electronic device at room tempera-
ture.”

Understanding photoluminescence is important for de-
signing devices that control, generate, or detect light. The 
scientists discovered that defects in crystals reduce the 
emission of light and applying voltage restores the intensi-
ty of photoluminescence. An important next step would be 
to investigate different types of perovskite materials, which 
may lead to better and more efficient materials where pho-
toluminescence could be controlled in a wider range of in-

tensities or with a smaller voltage.
The study included lead author Hee 

Taek Yi in Rutgers’ Department of Physics 
and Astronomy and co-authors Assistant 
Research Professor  Sylvie Rangan  and 
Professor  and Department Chair Robert 
A. Bartynski.

(Source: Rutgers University)

Scientists from Rutgers University have found a new 
way to control light emitted by exotic crystal semicon-
ductors, which could lead to more efficient solar cells and 
other advances in electronics. The study was published in 
Materials Today.

Their discovery involves crystals called hybrid 
perovskites, and they have shown great promise for use in 
solar cells. The finding could also lead to novel electronic 
displays, sensors, and other devices activated by light and 
bring increased efficiency at a lower cost to the manufac-
turing of optoelectronics.

The Rutgers-led team found a new way to control light 
(known as photoluminescence) emitted when perovskites 
are excited by a laser. The intensity of light emitted by a hy-
brid perovskite crystal can be increased by up to 100 times 
by adjusting the voltage applied to an 
electrode on the crystal surface.

“To the best of our knowledge, this 
is the first time that the photolumines-
cence of a material has been reversibly 
controlled to such a wide degree with 
voltage,” said senior author Vitaly Pod-
zorov, a professor in the Department of 

Creating Better Solar Cells
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by Nolan Johnson and Andy Shaughnessy
I-CONNECT007

We’ve all heard the stories about engineering students entering our  
industry with no idea how to design PCBs. It’s not the students’ fault; most 
aren’t exposed to PCB design in their electrical engineering curriculum. But 
George Fox University (GFU) is an exception to the rule. 

Gary Spivey is director of engineering projects at this Christian college in 
the Pacific Northwest, and his students learn to design and fabricate a PCB 
while also giving back to the community. Not surprisingly, these graduates 
get snapped up quickly. In this wide-ranging interview, Spivey discusses 
GFU’s engineering curriculum, their cutting-edge lab facilities, and the 
need to teach students to think critically.

Click here to read the interview and view additional content showcasing 
youth in the industry in the March 2019 issue of Design007 Magazine.

(Source: I-Connect007)

George Fox University: Teaching PCB Design to EE Students

Gary Spivey
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Feature Interview by Nolan Johnson
I-CONNECT007

Cristina Sandoval, manager of workforce 
development and university initiatives for the 
SEMI Foundation, discusses how two new pro-
grams, as well as a long-running high school 
STEM outreach program, are aiming to ad-
dress the skills gap within the industry. San-
doval also explains SEMI’s efforts to prepare 
students to enter the workforce and continu-
ing to develop talent as young professionals 
join the industry.

Nolan Johnson: Can you tell me what you do at 
SEMI and what your program is about?

Cristina Sandoval: I manage two new key work-
force development programs—the SEMI Men-
toring Program and the University Connec-
tions Program. I also support our diversity and 
inclusion initiatives with Leslie Tugman, our 
VP of global workforce development and di-
versity. We created these new programs based 
on SEMI member feedback from an industry 
survey driven by SEMI president and CEO Ajit 
Manocha. Our Workforce Development and Di-
versity Inclusion Councils, consisting of SEMI 
member companies, helped create the vision 
and direction for these programs.

Johnson: So, this started with some survey in-
formation from members. What did you find 

out, and what are you trying to achieve strate-
gically with these programs?

Sandoval: Our overarching goal is to address 
the talent shortage in the industry, and there 
are two main components to our strategy. First, 
SEMI is working to change student perceptions 
about our industry and generate more excite-
ment about career opportunities. Our indus-
try is competing for talent against recognized 
consumer-facing companies with much higher 
recognition. Meanwhile, our member compa-
nies struggle with a lack of awareness among 
students about the significant contributions 
our industry makes to technology and inno-
vation. The second component is to reach tal-
ent that the industry hasn’t tapped yet. We’re 
reaching out to groups of students who may 
have little or no awareness of our programs or 
industry, so that they can see the many oppor-
tunities available to them. 

Johnson: That seems to be a very common 
theme in the industry right now. Some other 
sectors of the marketplace are facing a quiet 
crisis because most of their workforce is 55 
and above and/or ready to retire. Then, the de-
mographic drops all the way down to 30 and 
below. Many companies are facing a skills and 
staffing gap, which could be a threat to their 

SEMI’s 
Cristina Sandoval

on Mentoring 
and Retaining 
Young Talent

Cristina Sandoval
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survival. You’re seeing the same issues within 
the SEMI membership as well?

Sandoval: Yes, companies want us to not only 
help diversify their talent pipeline but also in-
crease it because they are facing a shortage of 
incoming workers too.

Johnson: Young people today may be receiving 
perspective from their teachers, parents, and 
so forth based on experiences back in the ‘90s, 
for example. Our industry doesn’t operate like 
that today, and we need different skills. What 
are some of the changes in the workforce skill 
set that you’re looking for?

Sandoval: SEMI is addressing the skills gap in 
the workforce via our new SEMI Works Pro-
gram. Part of this initiative focuses on training 
and certifications to help provide the right skill 
sets to incoming and returning workers in our 
industry. 

The SEMI University and Mentoring pro-
grams put more emphasis on a less acknowl-
edged but vital skill set commonly lacking 
among students—the soft skills gap. Many stu-
dents aren’t confident in key skills, such as net-
working, self-presentation, interviewing, and 
resume building. When you combine a lack of 
interview skills and industry awareness with 
an inability to network, the result is a pool of 
students unsure about how to engage our in-
dustry or seek out lesser-known opportunities.

SEMI’s university program hosts professional 
development sessions on campus to help stu-

dents with those soft skills, and SEMI’s men-
toring program connects students to people 
who are senior within the industry who can 
help fortify those skills and connect them in-
ternally to their organizations.

Johnson: I didn’t expect that. A lot of tradition-
al thinking is that to prepare students for this 
industry, you load them up with STEM, but 
you’re not doing that.

Sandoval: SEMI does have programs that fo-
cus on exposing students to STEM, but many 
of our programs do both. For example, SEMI’s 
High Tech U (HTU) three-day STEM immer-
sion high school gives students a view into a 
“day in the life” through hands-on interactive 
modules that also includes a soft skills compo-
nent. This unique combination of STEM plus 
soft skills helps our programs stand strong. In 
fact, SEMI HTU is the longest running STEM 
immersion program in the country, going on 
18 years. 

Our mentoring and university programs tar-
get the existing technical talent pool of electri-
cal, mechanical, and chemical engineers and 
bridge the gap to get them to come into the in-
dustry. And I have seen the impact of the men-
toring program personally. My brother recently 
graduated with a chemical engineering degree, 
but he wasn’t aware of all the different career 
opportunities that he could pursue within the 
industry. 

SEMI connected him to an industry mentor 
who helped him figure different career paths, 
but more importantly, helped him overcome his 
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greatest challenge—interviewing. 
His mentor completely changed his 
perception of our industry and his 
career options. While my brother 
ultimately did not end up at a SEMI 
member company at this time, he 
has identified several companies 
within the industry that he will 
keep on his radar when he decides 
to look for his next opportunity. 

Johnson: It’s interesting that you 
mention that story because when I talk to 
manufacturers who are facing this challenge, 
they’re making the point that the electronics 
manufacturing industry is not what it used to 
be. It’s not Rosie the Riveter from the middle 
of the 20th century; it’s digital and computer 
work. Today’s manufacturing has a lot of clean 
environments to work in with carpets and cu-
bicles. That changes the skill sets needed and 
the nature of the involvement for students. 
How are you engaging college students?

Sandoval: Right now, we primarily engage stu-
dents onsite at our partner universities and via 
our mentoring program. During my interview 
with SEMI, I stated that this initiative, “...is go-
ing to be a journey. Students don’t know who 
we are.” At a recent event at Austin Commu-
nity College in Texas, we had approximately 65 
students in attendance. I asked them to raise 
their hands if they had heard of SEMI before 
the event—none of them raised their hands. I 
then asked if they understood what the micro-
electronics industry does, and maybe eight out 
of 65 raised their hands. 

Clearly, the lack of brand and industry recog-
nition are major issues we need to address via 
our student engagement. To accomplish this, 
we offer programs both virtually and onsite to 
expand access to our audience. We host events 
on a wide variety of topics, such as resume 
building, interviewing skills, networking, and 
a “day in the life.” We also invite leaders of 
member companies to speak on the impactful 
technologies their organization are pioneering. 

We capture information on program partici-
pants and invite them to join SEMI’s student 

network. Once they’re a student member, we 
provide access to our programs to help prepare 
them for and expose them to the industry. We 
are working on building a database that will 
give our members more direct access to stu-
dents coming through our programs.

Once, I talked to a student on campus who 
said, “Well, isn’t the semiconductor industry 
dying?” I said, “No, it’s going to be a one-tril-
lion-dollar industry by 2030.” The perception 
of the industry is not a good representation of 
the truth. Through these programs, we start 
building brand and industry recognition, but 
it’s going to take some time.

Johnson: In what ways can companies get in-
volved with what SEMI is doing?

Sandoval: There are many ways that members 
can get involved. The easiest way is mentor-
ing. We conduct onsite lunch-and-learns at 
member companies and share information on 
volunteer opportunities. We also offer the op-
portunity for people to become a mentor and 
mentee as the program is open to both univer-
sity students and developing professionals in 
the industry. Part of our strategy to help our 
industry addresses retention. With our men-
toring program, we can both attract and retain 
talent in the industry. This mentoring program 
begins engaging at the university level and 
continues to be a resource as students grow 
into young professionals.

Another way that companies can get in-
volved is to recommend speakers to present at 
campus events. We’re happy to facilitate event 
opportunities; we have the framework ready 
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so that speakers need only show up. Speak-
ers can share information about their company 
while enlightening students on the meaningful 
work being done in the industry. This type of 
opportunity gives member companies recogni-
tion while they help improve student percep-
tion of the industry.

SEMI will also offer networking events to 
our members in late 2019 that will provide di-
rect access to the students we are engaging in 
our programs. Look for these opportunities at 
our Workforce Development Pavilion at SEMI-
CON West and in late 2019.	

These are just the first set of initiatives that 
we’ve started to tackle. We’re in phase one, 
but there are a lot of different things that we 
can do as an industry to help with that reten-
tion once we get that talent there.

Johnson: How many universities are you work-
ing with?

Sandoval: We have partnerships with approxi-
mately 50 universities and are working towards 
building a portfolio of over 100 universities by 
the end of 2019. We built a scorecard weigh-
ing factors such as programs offered, student 
population, location, and other key features to 
ensure we are partnering with the right univer-
sities. 

To increase and diversify our talent pool, we 
created a tiered approach. Our defined tiers 

dictate the level of en-
gagement with different 
universities. The score-
card determines the ti-
er of each school, but 
we will still offer virtual 
(webinar) offerings to all 
of our partner universi-
ties in addition to other 
resources. Both programs 
are relatively new, and 
we are open to ideas and 
suggestions as we build 
out our offerings, so feel 
free to reach out to me 
[csandoval@semi.org]. 
Our mentoring program 

launched in July of 2018, and the university 
program launched in November, but we are 
growing rapidly.

Johnson: So, you’re working to help the stu-
dents put together soft skills. And at the same 
time, you’re looking for speakers from our in-
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dustry. Some readers may conclude that you’re 
walking that line between technical knowledge 
and talent recruiting. Is that an accurate as-
sessment?

Sandoval: SEMI is not recruiting talent but con-
necting talent! We recruit talent to our pro-
grams that offer SEMI members opportuni-
ties to connect. SEMI is focusing on teaching 
students professional skills and giving them 
knowledge on career paths available to them 
in the industry. Another thing I remind mem-
bers is that companies hire from a variety of 
college majors, not just STEM disciplines. I’m 
happy to take mentors and volunteers from all 

business departments because we are going to 
need HR personnel, data analysts, etc.

Johnson: Support functions from the industry.

Sandoval: Exactly.

Johnson: When a student finishes the mentor-
ing program and is ready to go out into the in-
dustry, what’s your vision for their takeaway? 

Sandoval: Students will see our industry with a 
new lens. Like my brother, they will walk away 
from our programs with a positive perception 
of our industry, new connections, and an inter-

est in previously-overlooked 
career paths. After partici-
pating in our programs, stu-
dents will be better prepared 
and connected. Once stu-
dents meet the people doing 
amazing, innovative things, 
they will realize joining us 
will give them the opportu-
nity to shape the future of 
technology and innovation.

Johnson: Thank you, Cris-
tina. This has been very en-
lightening. 

Sandoval: Thank you. PCB007
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Isola Executive Vice Chairman and Acting 
CEO Travis Kelly on the Upcoming Year E
Isola Executive Vice Chairman and Acting CEO 
Travis Kelly discusses the recent milestones for 
the company, including the leadership transi-
tion. Travis also outlines his agenda for the 
upcoming year and gives an update on Isola’s 
new facility in Chandler, Arizona.

EPTE Newsletter: Metallization of
Nonconductive Substrates E
There were significant technical progressions 
with chemicals and surface treatments used 
in electroless plating over the last decade. 
Now, plating chemicals provide a secure bond 
strength with the metallic layer on the inert 
surface of plastic substrates.

Selective Solder Mask Deposition 
by Inkjet E
Pete Starkey spoke with Joost Valeton, product 
manager for PiXDRO inkjet printing equipment 
with Meyer Burger, about their newly config-
ured inkjet printer for PCB applications and 
bringing awareness to opportunities using se-
lective solder mask deposition.

Insulectro Sees Growth and Opportunities 
in Printed Electronics E
Judy Warner speaks with Tim Redfern, Insulec-
tro president, and Kevin M. Miller, VP of sales, 
about growth in the printed electronics market, 
the direction Insulectro is going, and opportu-
nities for North American PCB suppliers.

DuPont Expanding Production of 
Kapton® and Pyralux® E
The new assets will expand production of Du-
Pont Kapton® polyimide film and Pyralux® flex-
ible circuit materials to meet growing market 

demand in automotive, consumer electronics, 
telecommunications, and defense.

Insulectro Supplier Oak Mitsui Names 
Michael Coll Technical Director E
One of Insulectro’s best-in-class suppliers, Oak 
Mitsui Inc., has hired industry veteran Michael 
Coll as technical director.

Nano Dimension Dielectric Ink 
Receives Patent E
Nano Dimension Ltd. has received approv-
al from both the U.S. and Korea Patents and 
Trademark Offices for the company’s core 
technology of its dielectric ink.

Pluritec Partners: Information Systems, 
ECOSPRAY, and OCCLEPPO E
Pluritec VP of Sales Lino Sousa discusses the 
history of Pluritec and its relationships with 
information systems and ECOSPRAY. He also 
announces the purchase of the assets and 
identity of OCCLEPPO and describes the long-
term plan for the integrated one-stop-shop.

Taiyo America Names Keiichiro 
Miyazawa New Business 
Development Manager E
Taiyo America Inc. has appointed Keiichiro 
(Kaye) Miyazawa to the position of new busi-
ness development manager. He will be based 
at Taiyo America’s headquarters in Carson 
City, Nevada, USA.

SteadySense Uses AT&S Technology 
and System Expertise E
SteadySense, a startup company based near 
Graz, has developed femSense® technology—
an innovative and smart temperature measur-
ing solution for medical applications.
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Last spring, Ross Olson, an undergraduate 
student at the University of Minnesota and 
member of the U of M Solar Vehicle Project 
team, attended the Geek-a-Palooza event in 
Minneapolis and displayed one of their race 
cars. Through coordinating that effort, I had 
the opportunity to get to know Ross, and re-
cently sat down with him to talk about his in-
terest in engineering and his thoughts on the 
future of the electronics industry, and to hear 
some great stories about his team experience 
with the University of Minnesota Solar Vehicle 
Project.

Tara Dunn: Ross, I understand that you have a 
somewhat non-traditional path into the engi-
neering field. Can you give our readers a little 

bit of background on yourself and how you be-
came interested in engineering?

Ross Olson: Absolutely. First, I’m a little old-
er than your average undergraduate student 
since this is my second time being an under-
grad. About five years ago, I graduated from 
the University of Wisconsin—Madison (I’m 
slowly making my way around the Big Ten) 
with a degree in finance and real estate and 
moved to Chicago to work in real estate devel-
opment. I had an excellent job in Chicago and 
was privileged to work with some incredible 
people who I still really admire. 

But back to your original question, I became 
interested in engineering during my first un-
dergrad stint. I’ve always been inquisitive and 

New Engineering Talent Joining 
the Electronics Industry

Flex Talk
Feature Column by Tara Dunn, OMNI PCB

Figure 1: University of Minnesota Solar Vehicle Project team at the American Solar Challenge in the summer of 2018. 
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interested in science and math, but I didn’t re-
ceive any sort of exposure to the engineering 
world while growing up. So, when I began col-
lege the first time around, I hadn’t thought too 
critically about what I was going to school for 
or why I was even there. I essentially chose to 
go to business school by listening to everyone 
around me. I settled on real estate because I 
knew I could make a good living in the field, 
and UW—Madison has one of the top pro-
grams in the country. 

I don’t regret my time at Madison, (plug your 
ears, die-hard Gophers); I love that school. But 
a lot of us follow an educational path that we 
don’t give very much thought to until after we 
reach the end of it, which is a shame. I wish I 
would have had more maturity and self-aware-
ness before making a decision that significant-
ly altered the trajectory of my life. 

 
Dunn: That is so true. As a young, college fresh-
man, you are expected to make decisions about 
your life-long career before having the oppor-
tunity to be exposed to new things you might 
not have yet experienced.

Olson: Yes. A large portion of my friends at 
Madison went to school for engineering. At 
one point, I lived with three other people, and 
I was the only one in the apartment not going 
to school for engineering. Through my junior 
year and onward, I was consistently exposed 
to the cool stuff (for lack of a better 
word) my friends worked on, included 
projects for class, organizations, and 
other side projects. I saw the types 
of jobs and internships they received 
and asked them a ton of questions 
about what they did in their roles. I 
found myself much more interested in 
the after-college opportunities my en-
gineering friends had on the horizon 
than the ones I had. It did cross my 
mind to change majors, but as I said, 
I was already close to graduating by 
then, so I shelved the idea. I thought 
that my doubts would go away after I 
graduated and started making money 
in my career.

That brings me back to my time living in Chi-
cago. I found myself deciding whether I should 
leave my job and stop making money in ex-
change for going back to school and spending 
even more money on education. Even though I 
knew I didn’t want to do the job that I was at, 
it still was a difficult decision to make, espe-
cially because I was going to go back for engi-
neering, which was an extremely intimidating 
major to jump into.

All the friends of mine that went into the 
engineering field were extremely smart, and 
at that point, I had my doubts that I would 
be able to handle the course work and rigor 
that was going to be required of me. I spoke to 
numerous friends and my family on multiple 
occasions about it and had plenty of sleep-
less nights trying to figure out my game plan. 
Eventually, I pulled the trigger, left my job, and 
went back to school. Now, a few years later, 
I’m here talking to you about my lengthy story. 
I typically keep it shorter by telling people who 
ask that I had a quarter-life crisis. I get some 
funny reactions. 

Dunn: I bet that you do (laughs)! Once you were 
enrolled at the University of Minnesota, you 
joined the U of M Solar Vehicle Project team. We 
were lucky enough to have your team display 
one of the cars at last year’s Geek-a-Palooza 
event, and for a few minutes, I was worried we 
would have no attendees inside the event be-

Figure 2: Ross charging the solar vehicle’s battery before a race.
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cause so many were check-
ing out the car and talking 
to your team. How did you 
become involved with the 
team, and what has your ex-
perience been? 

Olson: Of course. I love talk-
ing about the team! Being in 
your mid-20s and an under-
graduate can be incredibly 
frustrating at times. But the 
thing about being older and 
having already been through 
this is that hindsight is on 
my side. I wanted to make 
sure that I got even more out of my experi-
ence at Minnesota than what I did at Wiscon-
sin. I wanted to be more involved with either 
a professor’s research or a student group, and 
I knew about the solar vehicle team at the U of 
M, which made the decision about how to get 
involved a little easier. 

I decided to just jump right in regardless of 
the type of work because I thought it was a 
good way to get to know everybody on the 
team and show my commitment by helping 
wherever an extra set of hands was needed. 
My friend and I joined the team together at the 
same time, which happened to be right at the 
beginning of the build cycle of our previous 
car, Eos II, which was at Geek-a-Palooza. That 
meant that a lot, and I mean A LOT, of manual 
labor was needed at that time. 

After a short period on the team, I was fortu-
nate enough to become involved with the elec-
trical design of one of the subsystems of the 
car. For some background, our team is broken 
up into two divisions: engineering and opera-
tions. The operations division handles most of 
the business side of the team while engineer-
ing obviously handles the engineering side. 
The engineering division is then broken up 
by discipline, including the vehicle dynamics 
team, aerodynamics and structures team, and 
controls team. 

A lot of computer engineers fall into the con-
trols team, which essentially handles all of the 
electrical systems on the car. From there, each 

team typically has subgroups that are broken 
up by functionality. For instance, the vehicle 
dynamics team has a suspension group and a 
steering group whereas the controls team has 
a battery group, a dashboard group, etc. Each 
of the subgroups in the controls team typically 
has a PCB associated with it. So, I was fortu-
nate enough to be involved in PCB design and 
actually design one of the electrical systems in 
our car. The solar project really gives its mem-
bers ownership in their work. I can tell you 
from experience that it’s quite rewarding.

Dunn: How long is a typical build cycle for a car 
from start to finish? 

Olson: I joined right at the start of our last car’s 
build cycle, which would have been at the be-
ginning of 2017. Whoa, that’s over two years 
ago! That just hit me. And each of our cars 
operates over a two-year cycle. The first year 
is typically spent designing while the second 
year is used to build the car. We don’t get a 
full two years to design and build each car 
because we race it in multiple competitions, 
one of which takes place in Australia. The 
World Solar Challenge is the largest solar car 
competition in the world, and it’s a 3,000-km 
race through the Australian outback. Surpris-
ingly, most of the journey is a little bit boring 
given that it’s a flat desert, but we camp in 
the outback under the stars, so that’s inter-
esting. 

Figure 3: The University of Minnesota solar vehicle.
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Dunn: Wow, Australia? That must have been an 
exciting experience.

Olson: I was selected as a race crew member, 
so I was able to travel to Australia with the 
team in the fall of 2017, which was an incred-
ible experience. Our team was amazing, and 
we got to bond with these people and develop 
relationships that we may have forever. We 
had around 20 people on our team. Typically, 
everyone is over there for at least a month, but 
most likely longer. A lot of us stayed and even 
traveled for a couple of weeks after the event 
was over. 

Most of the team ends up taking the semes-
ter off. That made the decision to go difficult 
given my age and desire to graduate as quickly 
as possible, but I don’t regret it one bit. As I 
said, the whole experience was an absolute 
blast from the interactions with other solar 
car teams from all over the world to the stress 
of finishing the car and preparing the car. It’s 
one of those experiences you hear about that 
sounds too cool for you to ever experience 
yourself. It’s truly something that I will never 
forget. 

Dunn: I’m envious of that experience. What 
a fantastic opportunity. I also know that you 

have been involved in a leadership role for the 
race team. Can you tell me a little about that 
experience? 

Olson: As I mentioned, I became heavily in-
volved with the team when I came to the Uni-
versity of Minnesota. I spent every minute with 
the team, which eventually led to me getting 
offered a leadership position. After I returned 
from the World Solar Challenge in the fall of 
2017, I became the controls team manager, so I 
oversaw 20–30 students primarily majoring in 
electrical engineering, computer engineering, 
and computer science. 

I learned a lot from my leadership 
role. It’s funny that I went back to 
school for the technical nature of en-
gineering and ended up with a man-
agement role. The time a leadership 
position requires took away from the 
time I would have rather spent work-
ing on the technical side of things. 
But overall, it was worth it. The po-
sition allowed me to push myself in 
new ways and showed me a lot about 
myself, including weaknesses I didn’t 
know I had that I’ve been able to work 
on and strengths I didn’t know I had 
that I’ve been able to foster. The role 
has given me confidence that some-
day I can handle a managerial role.

Now, I’m no longer the controls 
team manager; I’ve moved into the 
role of electrical advisor for the team, 

Figure 4: Ross traveling in Australia and New Zealand while attending 
the World Solar Challenge.

Figure 5: Ross visiting Hobbiton in New Zealand.
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which involves providing technical exper-
tise and guidance rather than managing team 
members. I no longer deal with day-to-day 
items, such as running meetings; instead, I 
work more with our sponsors and assist with 
the technical challenges our members face. It 
has given me more time to work on my techni-
cal work. Right now, we’re trying to finish up 
the design of our next car’s electric motors as 
quickly as possible so that we can start manu-
facturing them and get them tested before our 
car needs to drive. 

I couldn’t have asked for a better student 
group to become involved with. The insight 
I’ve gained into real-world applications has 
been extremely valuable. Being on the team 
gave me my first exposure to PCB design—a 
topic that I initially knew very little about. I 
don’t know if there’s another student group on 
college campuses that offers its students what 
solar vehicle teams can because it incorporates 
almost every discipline of engineering and 
business. Our team has aerospace engineers, 
mechanical engineers, computer engineers, 
chemical engineers, industrial engineers, and 
computer science majors as well as finance 
majors, marketing majors, and accounting ma-

jors. It really is a team effort. It’s 
probably the closest thing there 
is to running a business while 
you’re a student except that you 
don’t get paid and you don’t 
have a budget (laughs).

Dunn: As a student interested in 
entering this field, what types of 
networking and internship op-
portunities have been available 
in the Minneapolis area? I know 
the medical field encourages a 
lot of job shadowing, so are there 
programs and opportunities like 
that available to help expose you 
to all the different facets of the 
electronics community?

Olson: At this stage of our ca-
reers, the primary resource for 
students would be something 

through the U of M. A lot of my classmates 
have received internships and co-ops through 
the career fairs. I had the privilege of partici-
pating in the U of M’s co-op program where I 
received five credits and was paid while work-
ing. It’s a great program, and the company that 
I matched with—PaR Systems—was a great 
fit. I thoroughly enjoyed working there and 
learned from some fantastic engineers.

As far as internship and job opportunities go 
for students, career fairs are typically your best 
bet. I can’t stress enough that opportunities 
present themselves to individuals who take the 
initiative to put themselves into situations that 
foster that kind of interaction. For example, 
last fall, I had a rough semester. I took a few 
classes at the same time that I should not have 
taken together. Therefore, I kind of wrote off 
job hunting given the time it typically takes, 
and instead, planned to find an internship in 
the spring. 

An alumnus of the team I knew from pre-
vious interactions approached me toward the 
end of the fall semester and asked if I wanted 
to interview at his company for an internship. 
The internship was in the industry I wanted 
to be in and provided the type of experience 

Figure 6: Ross grinding insulation. (Source: U of M Solar Vehicle Project)



APRIL 2019   I    PCB007 MAGAZINE    53

I was hoping to gain from my final internship 
before graduating. I could easily chalk this up 
to getting lucky or being in the right place at 
the right time, but I don’t think that’s like the 
takeaway from the story, nor do I want the 
takeaway to be that something will always fall 
in your lap, so it’s okay to be lazy about job 
hunting. The takeaway is that being involved, 
especially with the right people and groups, 
will present all sorts of unknown opportuni-
ties. Many times, networking is overlooked. 

Dunn: Yes, as you saw at Geek-a-Palooza, I am 
a firm believer in networking and creating op-
portunities to meet others and build relation-
ships. I am also a big believer in workplace 
programs for high school and college students. 
It sounds like having an engineering-based 
program available at the high school level may 
have helped you identify your interest in engi-
neering at a younger age. Workforce programs 
are also gaining a lot of traction as we try to 
expose and encourage students to look at en-
gineering as a career. What types of programs 
might have caught your interest?

Olson: You’re right. As I alluded to in one of my 
previous answers, there weren’t a lot of oppor-
tunities in electronics and engineering at my 
high school, and I wish there had been. It’s 
interesting because a lot of my fellow students 
seem to have had some exposure in high school 
through their robotics team or something else. 
I don’t have any idea what the percentage is, 
and maybe it’s because we’re in a metropoli-
tan area of Minnesota, but I’ve noticed a dif-
ference here. 

Overall, we’re trending in the right direction 
as far as what is being emphasized in high 
schools. I played sports in high school, and I 
think it’s beneficial to be a more well-round-
ed student. I’m not in education and I’m not 
claiming to be an expert on the subject mat-
ter, but I’ve seen a positive difference between 
when I was in high school versus the kids com-
ing into college now.

I’m from Wisconsin, and I heard that my high 
school now has a technology lab space and is 
even teaching certain engineering courses now, 

which my younger cousins took. The classes 
may not offer the same depth as college-level 
courses, but it’s still a good thing to expose 
students to all of these different subjects that 
may help them relate the material they learn 
in their math and science courses to modern 
technology and real-world applications. 

As soon as I graduate and start working and 
finally have some free time again, one of the 
first things I want to do is get involved with a 
local high school or middle school with some 
sort of STEM team, and if a school doesn’t 
have a program like that, I’d love to start one. 
Because, again, if something like that existed 
when I was in high school, I probably would 
have joined and maybe would have selected 
the correct major for myself on the first try. 

The point I’m trying to make is any program 
that exposes students to science, engineering, 
and technology is great. When you’re growing 
up, you form opinions about what is possible 
by looking at what and who are around you, 
such as projects, careers, etc.; it all shapes your 
outlook. Everyone’s perspective is relative to 
their environment, so the more exposure to 
STEM, the better. Our reliance on technology 
in the modern world isn’t going anywhere. 

I really like the idea of technical competi-
tions like FIRST Robotics. It doesn’t have to be 
robotics, but that’s the most popular program. 
Any sort of competition where you can get stu-
dents working together as a team to complete 
a project is a great way to incorporate compe-
tition while exposing students to STEM. The 
coolest part is being able to offer the students 
a tangible outcome to all the work they put 

The point I’m trying to make 
is any program that 

exposes students to science, 
engineering, and technology 

is great.
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in because that’s when it gets fun! When an 
activity sparks an interest in a student, they 
might choose it as a career. 

Dunn: Through a few internships and your 
experience with the team, you have been ex-
posed to multiple areas of the electronics and 
engineering space. What do you see as some of 
the challenges and opportunities for someone 
about to enter the field?

Olson: Without sounding too biased or using a 
cliché, an obvious answer is in the renewable 
energy area, and I don’t just mean the jobs 
associated with the things that come to mind 
when you think of renewables, such as solar 
panels and wind turbines. I’m referring to any 
industry or business that may end up support-
ing the transition from fossil fuels to renew-
ables. I try to stay away from buzz words, but 
another area I find quite interesting is the IoT 
space. As you’ve probably noticed, everything 
is a smart device these days. An insane number 

of devices now communicate wirelessly, but I 
still think there are plenty of opportunities for 
other businesses to utilize embedded technol-
ogy for their specific application. Finally, there 
are still a ton of opportunities in the area of ro-
botics and industrial automation. As technol-
ogy continues to develop, certain operations 
will become possible to automate.

Dunn: Thank you for taking the time to sit down 
with me, Ross. I’ve enjoyed hearing your story 
and perspective.

Olson: Thanks again for asking me these ques-
tions. It has been a pleasure!  PCB007

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

The researchers made the new waveguides by optimiz-
ing laser direct writing, a microfabrication approach that 
creates detailed 3D structures by polymerizing a light-
sensitive chemical with a precisely positioned focused 
laser. Polymerization converts relatively small molecules 
called monomers into large, chainlike polymers.

The new approach does not require a photoinitiator, 
which is typically used to efficiently absorb the laser light 
and convert it into chemical energy that initiates polym-
erization. “By not using a photoinitiator, we simplified the 
fabrication process and also enhanced the compatibility 
of the final device with living tissue,” Pu said. “This en-
hanced biocompatibility could allow the approach to be 
used to make implantable sensors and devices.”

The new flexible waveguides could also serve as build-
ing blocks for photonic PCBs that use high-speed opti-
cal signals rather than electrical links to transmit data in 
computers and other electronic devices.

(Source: The Optical Society of America)

For the first time, researchers have fabricated optical 
waveguides just over one micron wide in a clear silicone 
commonly used for biomedical applications. The tiny, flex-
ible waveguides can be used to make light-based devic-
es such as biomedical sensors and endoscopes that are 
smaller and more complex than currently possible.

“Our flexible waveguides could be integrated into mi-
crofluidic lab-on-a-chip systems to eliminate bulky ex-
ternal optics needed to perform blood tests, for example. 
They might also deliver light for wearable devices such as 
a shirt featuring a display,” said research team member 
Ye Pu of École Polytechnique Fédérale de Lausanne (EPFL) 
in Switzerland.

As reported in Optical Materials Express, the new optical 
waveguides are not only thinner than a piece of dust but al-
so exhibit very low light loss when used with certain wave-
lengths of light. A light-based signal can travel through the 
new waveguides for 10 centimeters or more before an un-
acceptable degradation of the signal will occur.

Tiny Waveguides Could Enable Better 
Biomedical Devices, Wearable Displays
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Feature by Brynt Parmeter and Emily McGrath
NEXTFLEX

It is no secret that there will be a surge of ca-
reer opportunities in advanced manufacturing 
over the coming years. One of the most critical 
challenges facing the manufacturing industry 
is how to showcase the potential of this field 
to attract the next generation of talent—Gen-
eration Z—into the workplace. Fortunately, or-
ganizations like NextFlex and companies like 
DuPont are forging powerful partnerships to 
create the future of advanced manufacturing 
by engaging youth with the innovation driving 
this sector.

DuPont, through their new Silicon Valley 
Technology Center, is the latest company to 
join NextFlex’s flagship education and work-
force development program—FlexFactor. Next-
Flex, America’s Flexible Hybrid Electronics 
Manufacturing Institute, is an industry con-
sortium with a mission to advance the manu-

facturability and commercialization of flexible 
hybrid electronics and catalyze the next-gen-
eration workforce. FlexFactor was designed 
to achieve NextFlex workforce development 
goals by engaging young people with the full 
range of opportunities in the advanced man-
ufacturing and technology sectors. Working 
with future-thinking industry partners like Du-
Pont, NextFlex is driving the development and 
commercialization of flexible hybrid electron-
ics (FHE) and facilitating the creation of the 
next generation workforce. 

FlexFactor addresses the complexities of 
workforce development by bringing the edu-
cational and industrial communities together. 
Through strategic partnerships between aca-
demic and manufacturing stakeholders, the 
program provides students with experiences 
and knowledge to understand what a career in 
advanced manufacturing looks like. The pro-
gram also helps identify pathways for students 
leading into the field. Driven by a project man-

Engaging the Future of Advanced Manufacturing: 
NextFlex and DuPont in Silicon Valley and Beyond

A Flex Factor class on AP Environmental Science from Abraham Lincoln High School in San Jose, California, 
pays a visit to the DuPont Silicon Valley Technology Center in February 2019. Teacher: Michelle Morella-Bennett (R).
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ager who handles local coordination activities, 
FlexFactor acts as a hub for K–12, higher edu-
cation, and the industry to easily plug-in and 
work together. 

Through seven linked activities spread over 
a month, FlexFactor uses a project-based 
learning approach to engage students with 
advanced technologies and entrepreneurship. 
During the program, small teams of students 
are challenged to identify a real-world prob-
lem, conceptualize an advanced hardware 
product to address the issue, build a business 
model around it, and pitch their idea to a pan-
el of representatives. Along the way, students 
engage with both industry professionals and 
higher education to inform their product con-
cepts and learn about education and career 
pathways in the technology sector.

The program is designed to work within ex-
isting classroom structures and absorb subject-
learning objectives. When layered over an Eng-
lish class, the program can be used to study 
rhetoric, messaging, and oral presentation. In 
environmental science classes, the program 
can be used to study how advanced technolo-
gies address environmental challenges. Robot-
ics classes can expand the program out for ad-
ditional weeks and use the extra time to build 
prototypes of their products.

FlexFactor’s unique curriculum enables this 
STEM- and entrepreneurship-based program to 

align with non-STEM and busi-
ness subjects. Through video 
modules and workbooks, pro-
gram materials illuminate the 
conceptual underpinnings of 
hardware design, functional 
electronics, advanced materi-
als, market needs, and business 
finance. The logic-driven ma-
terials enable students of any 
background to grasp the cardi-
nal points of each discipline. 

The resulting understanding 
helps students create a knowl-
edge framework that allows 
them to identify and map criti-
cal relationships between a va-
riety of subjects that are usually 

taught in isolation. This conceptual scaffold-
ing provides a foundation into which specific 
STEM and business skills, such as design prin-
cipals and statistics, can be embedded later. 
This approach inspires the next generation of 
engineers and technologists to be cross-func-
tional thinkers who can readily engage busi-
ness themes, such as market needs, as they 
iterate through product development cycles, 
ensuring technical features are not developed 
in isolation of user requirements. This type of 
global thinking will become more and more 
critical to employer and employee success 
across the range of manufacturing enterprise 
activities that define Industry 4.0. 

FlexFactor is successful because student 
teams define their own topics, ensuring they 
are fascinated by and passionate about their fo-
cus areas. Themes like business statistics and 
basic material properties, generally compelling 
for only a select few primary school students, 
take on new meaning and relevance when 
studied as a means to address infant mortal-
ity in the third world. For example, how would 
a company go about resourcing, designing, 
manufacturing, and distributing a baby bot-
tle integrated with bacteria-killing LEDs that 
could be used by families in parts of the world 
where drinking water is routinely contaminat-
ed? Complex practical and ethical dimensions 
are brought into the fold as teams struggle to 

Flex Factor program student participants from Abraham Lincoln High School 
take in the displays at the DuPont Silicon Valley Technology Center on 
February 11, 2019.
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decide whether a large profit margin that will 
attract critical investors is an acceptable moral 
tradeoff when affordably priced products will 
save additional lives, for instance.

Because teams are challenged to determine 
their project focus, the program enables stu-
dents to dig deep into their passions and in-
terests in a way that conventionally-defined 
curriculums frequently don’t allow. By provid-
ing this degree of agency over educational ex-
perience, the program simultaneously gener-
ates interest in STEM-based subject areas and 
channels that interest into the pathways that 
bring FlexFactor students back to our industry 
partners as future talent.

FlexFactor’s class-based structure also allows 
the program to circumvent common issues that 
plague conventional STEM-based initiatives, 
such as lack of gender and racial diversity. By 
eliminating self-selection as a criterion for par-
ticipation, the program engages populations of 
students who had not previously considered 
tech-based careers, catalyzing and orienting a 
diverse pipeline of talent and a new generation 
of industry leaders.

The program’s high-impact touchpoints in-
clude field trips to both an industry partner, 
such as DuPont, and a college or university. 
Through active engagement with cutting-edge 
technology and higher education, students go 
through enduring and transformative experi-
ences that translate the idea of a career from 
an esoteric concept to a visualized goal with a 
path to achievement. 

DuPont’s Silicon Valley Tech-
nology Center in Sunnyvale, 
California, hosts FlexFactor stu-
dents every few weeks through-
out the school year. Boasting an 
Innovation Center that show-
cases DuPont materials and in-
teractive prototypes alongside 
operating application labs that 
can be opened for touring, the 
Center is the perfect venue to 
draw students into the incred-
ible potential of the advanced 
manufacturing sector. Through 
a combination of personal en-

gagement and immersion in the fascinating 
world of advanced technologies, the Center 
and its team bring advanced manufacturing to 
life. 

Diverse and formidable topics—such as 
product design, material properties, environ-
mental testing, and manufacturing process-
es—become approachable and understandable 
through the humanizing combination of en-
gineers and showroom prototypes. Advanced 
drones created with lightweight polymers, 
hybrid-electric and autonomous vehicles, and 
other example products help students under-
stand the purpose behind advanced materials. 
Over several hours, students are pulled into 
the potential of DuPont’s advanced materials 
that can transform the way we build, travel, 
and communicate. 

The most often-asked question by the end of 
the day is, “What do I need to learn to work 
here?” And after their industry tour, each class 
visits a college or university to learn exactly 
that. After spending a day touring a campus, 
meeting student ambassadors and instructors, 
and learning about STEM and business pro-
grams related to the advanced manufacturing 
field, students depart with the understanding 
they need to chart their own education path-
ways towards their career goals. “FlexFactor 
allows us to contextualize education pathways 
for students, and college becomes a tool for 
them to achieve concrete career objectives,” 
explained Dean of Workforce Development at 
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Evergreen Valley College Dr. Maniphone Dick-
erson. 

FlexFactor was piloted in the fall of 2016 with 
an English class of eight students in San Jose, 
California, at Evergreen Valley College. In the 
subsequent two and a half years, the program 
has expanded to 3,500 students across three 
replication sites, including Lorain County Com-
munity College (LCCC) in Ohio, and Calhoun 
Community College and Drake State Commu-
nity and Technical College in Alabama. Work-
ing with industry partners, such as DuPont, 
Boeing, Jabil, Lincoln Electric, Thygos, Agri-
Nomix, A.J. Rose Manufacturing, Fetch Robot-
ics, BD BioSciences, and others, the program 
is expanding across labor markets throughout 
the United States to address workforce devel-
opment gaps. 

With FlexFactor’s scalable framework and 
materials, each ecosystem in which it is de-
ployed develops unique DNA that reflects local 
industry needs and opportunities but produces 
the same empowered and motivated students 
who become the architects of their own fu-
tures. 

Overall, FlexFactor’s agile approach to build-
ing the advanced manufacturing workforce of 
tomorrow is resulting in a wave of students 
who are aware of and responsive to the variety 
of technical, business, socioeconomic, and en-
vironmental factors that inform the successful 
design, manufacture, and sale of next-gener-
ation products. Through applied and immer-

sive learning techniques, FlexFactor promotes 
initiative and comprehension, entrepreneur-
ialism, awareness of the connections between 
disciplines, and the type of deeply analytical 
and creative thinking the advanced manufac-
turing sector is seeking in current and future 
employees. 

For more information about DuPont’s Silicon 
Valley Technology Center, visit www.dupont.
com. For more information about how Next-
Flex’s workforce development programs can 
help your community, visit www.nextflex.us/
learning-programs/.  PCB007

Brynt Parmeter is the director of 
workforce development, education, 
and training at NextFlex, and has a 
diverse background in both the 
public and private sectors. Before 
joining the private sector, Brynt 

served nearly 25 years as an infantry officer in the 
U.S. Army, rising to the rank of colonel. 

Emily McGrath is the deputy director 
of workforce development, education, 
and training at NextFlex, and has a 
diverse background that includes 
experiences across government, 
industry, and education sectors. She 

attended Colgate University and Portland State Univer-
sity where she holds degrees in geography and GIS.
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APAC Manufacturers to Comprise 90% 
of Global PCB Market by 2020 E
The global market for PCB is expected to grow 
at a CAGR of 3–4% until 2020, according to 
procurement intelligence firm Beroe Inc. Tech-
nological advancements in product types and 
the predicted increase in demand for substrates 
are expected to be the key support factors for 
the growth of the global PCB market.

Global Wireless Telecommunication 
Carriers Market 2019 E
North America was the largest region in the 
global wireless telecommunication carriers 
market, accounting for 42% of the market in 
2018.

Semiconductor Equipment Market to Grow 
at a CAGR of 7% from 2018–2026 E
The global semiconductor equipment market 
is projected to exhibit an impressive CAGR of 
7.2% from 2018–2026, according to Coherent 
Market Insights.

Smartphone Shipments Expected 
to Drop in 2019 E
Worldwide smartphone volumes are forecast to 
fall by 0.8% in 2019 with volumes dipping to 
1.39 billion. However, the smartphone market 
will begin to pick up momentum this year with 
year-over-year growth of 2.3% expected in the 
second half of the year.

Green Regulations Driving Growth of 
Lithium-ion Batteries E
According to data compiled by Grand View Re-
search, the global lithium-ion battery market is 
expected to reach $93.1 billion by 2025 while 
registering a robust CAGR of 17% as well.

Global Small Satellite Market to Reach 
$30 Billion by 2026 E
According to Coherent Market Insights, the 
global small satellite market was valued at 
$2.92 billion in 2017 and is projected to exhibit 
a CAGR of 26.8% over the 2018–2026 period.

Small Business Hiring Remained 
Flat in February E
The Paychex|IHS Markit Small Business Em-
ployment Watch continued to reflect signs of 
the tight labor market. At 98.93, the Small 
Business Jobs Index was unchanged in Febru-
ary, remaining just below 99.

China’s Power Semiconductor Market 
Posts 12% Growth E
TrendForce predicts that China’s power semi-
conductor market will reach a size of RMB290.7 
billion in 2019, a 12.17% growth compared to 
2018, maintaining double-digit growth.

Global Semiconductor Sales Down 
5.7% YoY in January E
Worldwide sales of semiconductors reached 
$35.5 billion for January 2019—a decrease of 
5.7% from the January 2018 total of $37.6 bil-
lion and 7.2% less than the December 2018 
total of $38.2 billion, according to the Semi-
conductor Industry Association (SIA).

Q1 DRAM Contract Prices Witness 
Sharpest Decline Since 2011 E
The latest analysis of the PC DRAM market 
from DRAMeXchange, a division of TrendForce, 
finds that most contracts are now monthly 
deals rather than quarterly deals with Febru-
ary seeing an unusual, large down-correction 
in prices.
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A statement often seen on LinkedIn is as fol-
lows: “Your company is only as extraordinary 
as your people.” It’s no wonder why this say-
ing is so popular because it is true. Any com-
pany is only as great as the people who em-
body it, ensure that strategies are developed 
and implemented, and bend over backward to 
create value for the customer and ultimately 
the company. Another old saying is, “Happy 
wife=happy life.” The same goes for your em-
ployees; keep them happy, and they will take 
care of your customers.

The Most Important Asset in Any Company
Companies that dare be true to themselves, 

trust their employees, and provide direction, 
freedom, and responsibility to their most im-
portant asset—namely, their employees—are 
more likely to succeed. However, we can all 
rattle behind these positive words and agree 
with these statements. The real question is, 

“How do you actually create and sustain an 
environment that motivates and attracts peo-
ple in the wave of Industry 4.0”?

The users of technology are changing, and 
at Elmatica, we go all the way back to 1971. It 
doesn’t make us dinosaurs yet, but it indicates 
that we have been able to do just this—create 
and sustain an environment for motivating and 
attracting new ideas and talent. Every genera-
tion has renewed enthusiasm, creativity, and 
skills—some are new innovations, some are 
improvements of existing technologies, and 
others are disruptive [1].

Industry 4.0 is an automatic exchange of 
data between systems, and millennials are the 
first generation practically brought up with 
technical devices in all forms and facets of 
life. Consequently, they have the most experi-
ence and confidence working with technology 
along with familiarity with allowing machines 
to operate independently of active human in-

Merging the Best of Both Worlds: 
Young Superheroes and Knowledgeable Wizards!

The PCB Norsemen
Feature Column by Didrik Bech, ELMATICA
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Need a Gerber Viewer?
Ucamco, caretaker of the Gerber format, presents its new 
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teraction. This, combined with the technologi-
cal development over the last 50 years, paves 
the way for Industry 4.0, AI, automation, and 
smart factories.

New Decade, New Approach 
When I was a student and received my first 

job, the most important thing was to get a  
paycheck, offering me the freedom to do  
more of what I found interesting. But today’s 
youngsters seem to have a different approach. 
Money and security are still vital parameters, 
but according to one report [2], they also seek 
to be part of the bigger picture. Values, flex-
ibility, freedom, time off, and working with 
interesting and open-minded people is es-
sential for millennials. Essentially, it’s 
important for them to enjoy work, but 
it’s more important to feel that the job 
has a purpose [3].

So, how can we attract millennials, 
keep them happy, let them develop, 
and blossom so that one can ex-
plore the possibilities of Indus-
try 4.0 and simultaneously de-
liver on your existing projects, 
which in many cases, are still 
paying the bills? You need 
to create a company that 
appeals to millennials in 
relation to their back-
ground, experience, 
and how they see the 
world. The beauty is 
that this doesn’t conflict with how develop-
ment has been conducted in the past, but you 
can’t just say you will do it—now, you actually 
have to deliver. Here are five tips to help.

 
1. Ensure Security

We all want security. If you’re lying awake at 
night, wondering if you will have a job tomor-
row, you will never produce at your top level. 
Your finances should be in order, although one 
should also notice that the new generation is 
often willing to be compensated in other ways, 
such as stocks if they believe in your values 
and ideas. This is a viable option for attracting 
the right candidates and can be implemented 

for both existing and new companies by either 
setting up new subsidiaries or offering them a 
stock option program.

 
2. Be Univocally Clear About Your 
Company’s Values 

What are your company’s values, and what 
do they actually mean? How do you measure 
their use, and how should they guide the de-
cision-making process in your company? This 
is where many companies fail. Fancy, show-
off values with no connection to reality will 
not help. Are you wondering if your values are 
present amongst all employees? Simply ask, 

“What are our values, and when did 
you last actively use them to solve 
a challenge?” If what you get is 
blurry or uncertain, you are miss-
ing the cornerstone of your founda-
tion—your values.

 
3. Have a Defined Mission 

To induce motivation and co-
operation, people need to know 

exactly what the mission 
and purpose of the com-
pany are. This might 
sound banal, but a clear 

and motivating mission 
statement, explaining what 
your business is aiming to 
be best at, is not as com-

mon as one might assume. 
Millennials want to be part of 

something bigger than themselves; 
they want to contribute to shaping the world 
and know how to get there. This is why a strat-
egy for your environmental impact is impor-
tant. To attract millennials with the experience 
and skill set your business needs to succeed in 
the wave of Industry 4.0, you need to tell them 
where you are going.

 
4. Set Clear, Inspiring Goals 

Essential to all companies, goals should 
inspire and create a sense of fulfillment and 
happiness once achieved. People must iden-
tify with and be inspired by your company’s 
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will learn from each other. For example, Alti-
um ensured this with great success by hosting 
AltiumLive events, attracting lots of young de-
signers to their last event in Munich where at-
tendees could design, play, share, and develop 
their skills.

Merging the best of both worlds—new tal-
ent, or young superheroes, with experienced 
industry leaders, or knowledgeable wizards—
and achieving a good work-life balance based 
on flexibility and knowledge will create loyalty 
and trust, and those are the only two curren-
cies you should want to have.  PCB007
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goals. Very few are in-
spired by financial val-
ues, quotas, and effi-
ciency goals. However, 
having concrete, measur-
able, and inspiring goals 
will attract people who 
can identify with them. 
Perhaps the most famous 
goal every stated was by 
John F. Kennedy: “We 
choose to go to the moon 
in this decade and do the 
other things, not because 
they are easy, but be-
cause they are hard. Be-
cause that goal will serve 
to organize and measure 
the best of our energies and skills. Because that 
challenge is one that we are willing to accept, 
one we are unwilling to postpone, and one that 
we intend to win, and the others too.” This is a 
concrete, finite, measurable, and common goal 
that brings people together and helps them feel 
like a part of the bigger picture—the key to at-
tracting millennials.

 
5. Understand Millennials’ Needs 
and Work Requirements

Millennials with skills crucial for develop-
ing equipment and processes for Industry 4.0 
know that they are in great demand and that 
there is a shortage of supply. If you can en-
sure security and deliver on values, mission, 
and goals, then the final touch is to understand 
millennials’ needs and work requirements. 
This has previously been solved by offering 
financial compensation; however, millennials 
are not primarily motivated by the financial as-
pect. Flexibility, vacation, maternity leave, and 
interesting tasks are often more motivating. 
Millennials are specifically interested in gain-
ing access to knowledgeable and experienced 
colleagues learning how they can digitize their 
current process into Industry 4.0. 

Creating an environment where sharing 
knowledge and experience is appreciated will 
be beneficial to a company because all parties 
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MilAero007 Highlights
skilled jobs and diversify its technology port-
folio in cyber intelligence, security, aerospace, 
and defense.

Lockheed Martin Develops World-first 
LTE-over-satellite System E
Lockheed Martin has developed a new LTE-
over-satellite system designed to provide con-
nectivity to remote regions, including areas 
without cellphone coverage, boats off-shore, 
or during natural disasters like hurricanes, 
wildfires, earthquakes, catastrophic floods, or 
volcanic eruptions.

Boeing Introduces New Unmanned System 
for Global Defense Customers E
Designed for global defense customers by Boe-
ing Australia, the Boeing Airpower Teaming 
System is the company’s largest investment in 
a new unmanned aircraft program outside the 
United States.

Astronauts Assemble Tools to 
Test Space Tech E
Technology drives exploration for future hu-
man missions to the Moon, Mars, and beyond. 
For spacecraft to journey farther and live lon-
ger, we’ll need to store and transfer super-cold 
liquids used for fuel and life support systems 
in space.

High-tech Laser Scans Uncover 
Hidden Military Traverse at 
Alcatraz Island E
High-tech radar and laser scans have uncov-
ered a hidden military traverse underneath the 
infamous Alcatraz penitentiary, according to 
research led by faculty at Binghamton Univer-
sity, State University of New York.

Elmatica First Printed Circuit Broker to 
Become Member of FAD E
Elmatica will use its knowledge and experi-
ence to increase awareness of design rules and 
best practices.

GSPK Circuits Now Certified to 
EN9100:2018 Standard E
GSPK Circuits’s Boroughbridge facility in North 
Yorkshire in the U.K. has been certified to the 
EN9100:2018 Quality Management Standard. 

U.S. Air Force Delays E-3 AWACS 
Upgrade Program E
The U.S. Air Force has delayed the upgrade 
program of E-3G Airborne Warning and Con-
trol System (AWACS) aircraft, according to a re-
port by Inside Defense.

SpaceX Crew Dragon Splashdown 
Marks Success E
NASA passed a major milestone in its goal to 
restore America’s human spaceflight capability 
when SpaceX’s Crew Dragon returned to Earth 
after a five-day mission docked to the Interna-
tional Space Station.

BAE Systems Receives IDIQ Contract 
from U.S. Navy E
The U.S. Navy selected BAE Systems to devel-
op, secure, and integrate future cybersecurity, 
autonomous, and unmanned mission systems.

Raytheon to Expand U.K. Operations by 
Opening Two New Sites E
Raytheon U.K. will open a new office in Lon-
don and a high-technology manufacturing fa-
cility in Livingston, Scotland, as part of its con-
tinued investment in Britain to create highly 

http://milaero.iconnect007.com/index.php/article/116055/lockheed-martin-develops-world-first-lte-over-satellite-system/116058/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115731/boeing-introduces-new-unmanned-system-for-global-defense-customers/115734/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115827/astronauts-assemble-tools-to-test-space-tech/115830/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115987/high-tech-laser-scans-uncover-hidden-military-traverse-at-alcatraz-island/115990/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115877/elmatica-first-printed-circuit-broker-to-become-member-of-fad/115880/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115936/gspk-circuits-now-certified-to-en91002018-standard/115939/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115728/us-air-force-delays-e-3-awacs-upgrade-program/115731/?skin=milaero
http://milaero.iconnect007.com/index.php/article/116029/spacex-crew-dragon-splashdown-marks-success/116032/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115796/bae-systems-receives-idiq-contract-from-us-navy/115799/?skin=milaero
http://milaero.iconnect007.com/index.php/article/115883/raytheon-to-expand-uk-operations-by-opening-two-new-sites/115886/?skin=milaero


Your Passport to 
Global PCB Sourcing

REDMOND, WASHINGTON • TUCSON, ARIZONA • GLOBAL PARTNERSHIPS

AS-9100D
(888)847-7686

PROTOTRON.COM

We are pleased to announce that with the same fine 
service, quality, delivery and attention to detail that our 
customers have grown to rely upon, we are now adding 
a complete global solution to meet all of your needs, 
both today and in the future.

FLEX & RIGID-FLEX

HDI / MICROVIA

COMPETITIVE VOLUME PRICING

PRE-QUALIFIED OFFSHORE PARTNERS

QUICK-TURN PROTOTYPES

COMPLEX MULTILAYER 

MIL-SPEC PRODUCTION

SPECIALTY MATERIALS

Our Solutions:
 •
 •
 •
 •

 •
 •
 •
 •

http://iconnect007.com/ads/links.php?id=11109
http://iconnect007.com/ads/links.php?id=11110
http://iconnect007.com/ads/links.php?id=11111


70    PCB007 MAGAZINE   I   APRIL 2019

Interview by Barry Matties
I-CONNECT007

Averatek’s President and COO Mike Vin-
son talks with Barry Matties about the bene-
fits semi-additive and additive processing can 
bring to the shop floor as well as some of the 
current challenges and limitations that con-
tinue to leave many manufacturers hesitant to 
implement the technology. 

Barry Matties: Can you tell us a little bit about 
your company?

Mike Vinson: Averatek was a spinoff of SRI In-
ternational. We began about 12 years ago. For 
the last seven years, we’ve been focusing on 
circuits for the printed circuit board industry 
in a variety of ways. One of the ways is with 
semi-additive processing. We have a particular 
ink that allows us to make very thin copper 
layers that we can then build upon for semi-
additive processing. We can go back and etch 
away the very thin copper that we put on ini-
tially, and then leave the traces behind with 
virtually no deformation in the trace itself. So, 
that enables very fine pitch and very fine lines 
for circuits.

Matties: Additive processing is a fast-growing 
trend. What’s the driver behind it?

Vinson: Yes, we’re seeing a lot of interest now 
for additive as well as semi-additive process-
ing, mainly trying to get the finer lines with 
less processing steps. With the additive pro-
cess, you’re not doing as much of the etching 
away. You don’t have the chemistries or the 
materials to dispose of after the etching pro-
cess. You can also limit a lot of those steps, de-
crease the amount of time spent, and minimize 
the damage done in those steps.

Matties: We see companies printing circuit 
boards completely through additive. They start 
with a solution and wind up with the board. 
It’s a nice technology for rapid prototyping. 
If you want something, you design it in the 
morning and have it out by lunch. You can do 
this, but is this where we’re headed?

Vinson: Many of those printing processes have 
some gaps where they’re trying to get enough 
conductivity into the circuit to be usable in 
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most electronic systems. There is a good mar-
ket for those  low-conductivity kinds of prod-
ucts. But beyond the rapid prototyping, there 
are only a few applications that can really take 
advantage of it. Perhaps for some of the areas 
in the military or space travel where they need 
rapid repair, that would be very advantageous. 
However, we’re seeing a need for more conduc-
tive circuits in very fine traces other than what 
a lot of printed technologies are bringing. 

Matties: What’s the challenge for someone 
who wants to move into an additive process?

Vinson: There are a few, and it really depends 
on what your end product is going to be. If 
you’re trying for a more conventional product, 
the challenges are going to be in the equip-
ment set and what you need to purchase to 
get into the additive process. With our process, 
it’s less of the equipment set and more of the 
advanced lithography technology to make the 
finer circuits that we provide for.

Matties: Can you describe your process and 
how it works?

Vinson: With our process, we’re putting down 
an extremely thin catalyst ink—one- or two-
nanometer catalyst ink—that then we can 
build upon with a very dense electroless met-
allization. We can work with a variety of elec-
troless metallizations—those that work well 
with the palladium catalysts. Then, we’ll put 
on an electroplated circuit that is defined by 
photolithographic methods, usually. We have a 

couple of other methods that are currently un-
der development right now that I can’t go into 
too much detail on, but those should be able to 
take us down to the five-micron range.

Matties: What sort of growth do you expect to 
see in this market segment? 

Vinson: Right now, it’s a little slow because it 
requires not only our capability but the rest of 
the infrastructure to grow along with it. Peo-
ple are hesitant because the current infrastruc-
ture doesn’t support everything that we can 
achieve. But there are a lot of leading-edge in-
dustries looking at our technology, and we’re 
seeing a lot of the mobile markets adapting 
roadmaps that will require our technology or 
technologies that can deliver what we deliver.

Matties: What standards are in place or need to 
be put in place for this technology?

Vinson: One of the biggest issues that we see 
is a lot of the standards around adhesion, 
etc., that were developed for laminated circuit 
boards with laminated foils don’t really apply 
when you’re doing an additive process. So, we 
need to investigate how additive processes are 
evaluated in the simplest forms. A lot of the 
other requirements are currently in place once 
we have a finished product and are running it 
through thermal cycles and that sort of thing; 
those are pretty good. 

Matties: In terms of reliability, you’re talking 
about product testing. What sort of reliability 
comparisons are made between a traditional 
process and an additive process?

Vinson: One of the things in a traditional PCB 
is they’ll do something like peel test where 
they’ll use very thick copper and peel it off to 
see what kind of strength it had between the 
copper and substrate. With our technology, 
we’re typically using very thin copper, so you 
won’t be able to generate those same kinds of 
forces because the copper simply won’t sup-
port it. In light of that, we think there’s a need 
to investigate other methods for testing for this 

 With our process, it’s less of 
the equipment set and more 
of the advanced lithography 
technology to make the finer 
circuits that we provide for.
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We think this technology trend 
will lend itself well to much 
thinner circuitry for the less 
complex products and also 
more viable technology for 
the more complex products.

adhesion before you get to something like ther-
mal cycling.

Matties: When a buyer, OEM, or whatever the 
level happens to be is considering a change, 
what’s the impetus for them to change? Is it 
the finer lines alone, or is there an economic 
advantage?

Vinson: There are some economic advantages 
to using less material. From that point of view, 
it’s attractive, but the change in the line and 
processing is usually the biggest hurdle that 
they have to overcome to be able to adopt.

Matties: You mentioned cellphones earlier, 
which makes a lot of sense. What sort of quali-
fication process is taking place and what dura-
tion do you typically see in that?

Vinson: We’re not as familiar with what this 
next generation is going to be seeing in terms 
of qualifications, but we are seeing that things 
like microvias are now coming under a lot 
more scrutiny than they did in the past; they’re 
evolving harsher testing for that. Because what 
we’re doing with our technology will eliminate 
a lot of those problems at the source, we’ll be 
able to better serve those markets. We’ve been 
doing multiple reflow tests, etc., to be sure that 
the microvias don’t crack. We’re going to see 
a lot more of that in the near future for these 
products.

Matties: Along the lines of testing, what yields 
should someone expect? Is this a high-yield 
process?

Vinson: Relatively speaking, yes, but like all 
new technologies, there’s going to be a learn-
ing curve that everyone has to go through to 
increase their yields to an acceptable point. 
The other issue is that if you look at the yield 
as a per-circuit value instead of a per-square-
inch or per-layer value, you’ll find that the 
yield challenges in the future are going to be 
much higher due to a lot more circuits. Just 
talking to somebody today, they’re looking at 
10,000 I/Os on a device, and they’re trying to 

circuitize that. Well, the yields on that product 
aren’t going to be nearly the same as if you 
have a simple white goods board that you’re 
trying to produce for a dishwasher.

Matties: How many fabricators that have al-
ready adopted this are out there?

Vinson: We have a couple right now that are 
in the process of qualifying it. We also have a 
number of products that are going into early 
production phase with companies. As far as 
actual volume production, we’re still in the 
early stages of that.

Matties: We’ll be interested to hear updates. 
Is there anything that we haven’t talked about 
that you want to add?

Vinson: One of the things that we’re finding 
when we go to smaller and smaller circuit 
sizes is that often, someone who’s making a 
16-layer or 10-layer board can go to a 10-lay-
er or an eight-layer or six-layer board because 
they’re doing finer lines and spaces now and 
don’t have to use as many layers just for rout-
ing buses. We think this technology trend will 
lend itself well to much thinner circuitry for 
the less complex products and also more via-
ble technology for the more complex products.

Matties: Great. Thank you very much, Mike.

Vinson: Thank you, Barry.  PCB007
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Article by Mustafa Özkök, Sven Lamprecht, 
Akif Özkök, Dolly Akingbohungbe, 
Moody Dreiza, ATOTECH DEUTSCHLAND GMBH,
Alex Stepinski, GREENSOURCE FABRICATION LLC

 
The electronics industry is further progress-

ing in terms of smaller, faster, smarter, and 
more efficient electronic devices. This contin-
uously evolving environment caused the de-
velopment of various electrolytic copper pro-
cesses for different applications over the past 
several decades. 

This article describes the reasons for devel-
opment and a roadmap of dimensions for cop-
per-filled through-holes, microvias, and other 
copper-plated structures on PCBs. It will also 
discuss aspect ratios, dimensions, and results 
of plated through-holes used today in high-vol-
ume manufacturing for microvia and through-
hole filling with electroplated copper. Further-
more, this article will also show feasibility 
studies of new electroplated structures for fu-

ture applications, such as copper pillar plating 
on IC substrates.

Four Main Drivers
Four main drivers forced the chemical sup-

ply industry to introduce new electrolytic cop-
per processes with the new feature of “filling” 
capability over the years. The first driver is the 
continuous miniaturization of electronics. The 
first blind microvias were introduced with HDI 
technology in the late 1980s and early 1990s. 
In 1996, the IC substrate market started to fill 
the microvias. 

“Plugging” technologies were introduced to 
stack the microvias to save space or create via-
in-pad structures. This plugging technology 
with conductive paste is very expensive be-
cause of the additional process steps required. 
In addition, this technology faced several dis-
advantages, such as “blow out,” outgassing, 
smear, and other quality concerns. To achieve 
the necessary miniaturization benefits, the in-
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dustry has been leaning towards the complete-
ly copper filled blind microvia rather than a 
plugged microvia as the leading edge solution. 
Today, copper-filled microvias are the standard 
for almost all HDI PCB manufacturers. 

The second driver is the thermal management 
on a substrate. One source [1] said it this way: 

“As the power and packing density of elec-
tronic components increase, the amount of 
waste heat generated in a small space also rises 
greatly. This results in dangerously high tem-
peratures, and thus increases the failure risk 
of electronic devices. Today, 55% of electronic 
component failures are caused by increased 
temperatures alone.”

Solutions were needed to integrate features 
with high thermal conductivity to manage the 
heat transfer on the substrates from one side to 
the other to minimize hot spots on the electron-
ic devices over a lifetime. Higher-performing 
chips tend to generate local hot spots, result-
ing in material degradation and premature field 
failure. Integration of thermal vias in high-per-
formance electronics can minimize the occur-
rence of hot spots; therefore, their utilization 
in the industry has become more widespread. 

In the beginning, thermal vias were noth-
ing more than standard conformal vias, but the 
thermal conductivity was not good enough. Fol-
lowing that, plugging pastes were introduced to 
enhance the thermal conductivity of a standard 
through-hole. But in this case, similar disadvan-
tages of plugging appeared. Meanwhile, com-
plete copper-filled through-holes were realized 
in 2006 by bridge plating or X-plating technolo-
gy. Today, completely copper-filled through-hole 
structures are at the leading edge of technology 
for thermal via structures because copper has 
almost the best thermal conductivity—and it 
has to be plated, nonetheless. 

The third driver is signal frequency. Elec-
tronic signal frequencies in an electronic pack-
age or inside of a PCB are increasing over time 
and continue to do so. Stacked microvias and 
fan-out vias are becoming more and more of 
a disadvantage for the transmission of high-
frequency signals due to creating resistances 

at high frequencies. Thus, the push of high-
frequency applications further increased the 
demand for technologies like copper-filled 
through holes. Right now, 5G infrastructure is 
already using the copper-filled through-hole 
technology in the field of smartphones.

The fourth driver, especially for through-
hole filling, is the quality-and-yield aspect. 
The alternatives for electroplated copper-filled 
through-holes require many additional process 
steps or new materials, such as plugging paste 
(explained in Figure 6 later in this article). Each 
of these additional process steps or materials 
introduces a variety of risks and manufacturing 
problems, resulting in a lower yield. Therefore, 
the “one-step” solution to fill through-holes 
with copper is the preferred solution without 
introducing new materials into the PCB. 

Microvia Filling With Copper
The filling of microvias with copper was es-

tablished as a standard in PCB HDI production 
more than 20 years ago. For example, there 
was the introduction of supervia filling tech-
nology with very low plated-copper thickness 
on the surface (Figure 1).

Meanwhile, the copper filling of microvias re-
placed many other filling technologies, such as 
plugging and capping realized by paste printing 
and overplating with copper (Figure 2). Both 
technologies—plugging and capping and cop-
per-filled microvias—enable the so-called via-
in-pad structure (Figure 3), which has the ad-
vantage for PCB designers. The advantages of 
the via-in-pad designs are also useful for high-
speed designs.

Figure 1: Patented “SuperFilling” technology.
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Additionally, copper-filled microvias have 
significant advantages over plugging technol-
ogy. For instance, the material inside the mi-
crovia is copper while other materials have the 
potential to outgas or introduce different CTE 

values. Moreover, voids in copper-filled micro-
vias are far less common than with poorly con-
trolled conventional plugging methods.

The development and introduction of copper-
filled microvias opened the door to introduce 
any layer HDI technology (Figure 4), which en-
ables copper-filled through-holes by stacking 
the copper-filled microvias. This kind of fea-
ture enables HDI board designers the flexibil-
ity to create complex signal paths through the 
PCB by just using copper filled microvias.

Today, almost all critical dimensions of mi-
crovias may be filled inclusion-free with cop-
per. Table 1 shows the microvia dimensions 
that can be filled in horizontal and vertical 

Figure 2: Plugged and capped microvia [2]. Figure 4: Any layer technology stacked and filled with 
electrolytic plated copper.

Figure 3: TQFP footprint with vias and via-in-pads [3].

Table 1: Copper-filled microvias 
(dimensions that can be filled today).
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plating equipment. The numbers inside the 
cells reflect the aspect ratios. The table repre-
sents the capability of various electrolytic cop-
per formulations on the market. Each electro-
lytic copper recipe has its own characteristic 
abilities with regards to aspect ratio.

The leading-edge electrolytic formulation for 
microvia filling (Figure 5) has the following 
characteristics:

• Plated with a current density of up to 2.5 A
• Creates a ductility of 25%
• Tensile strength of 35 kNm²
• Dimple of less than 5 µm; plating time
<40 minutes

• 13 µm copper thickness on surface; at the
same time, filling a 100*89 µm microvia
completely

Through-hole Filling With Copper 
The through-hole filling of holes with copper 

in mass production has its roots in 2005. The 
introduction of X-plating or bridge plating was 
the beginning. The bridging technology was 
developed to fill a through-hole completely 
with copper while avoiding inclusions. Such a 
completely filled through-hole does have many 
advantages for the design of electronic PCBs, 
such as thermal conductivity and signal integ-
rity in high-frequency boards.

A filled through-hole may be realized in dif-
ferent ways. It may be plugged by a paste or 
filled by an electrolytic copper plating process. 
For larger hole sizes (i.e., diameter >500 µm), 
the plugging by a thermally conductive paste is 
the main process used. For smaller hole sizes 
(i.e., diameter <500 µm, feasible aspect ratio 
AR >0.5 and <5.0), the copper filling using 
the bridge plating technology shows many ad-
vantages compared to paste plugging. First, 
the bridge plating technology needs fewer 
manufacturing steps compared to paste plug-
ging (Figure 6). This has a significant benefit 
for the production cost. 

Figure 5: Copper-filled microvia cross-section plated with 
a leading-edge copper electrolyte.

Figure 6: Plugging paste versus copper plating through-hole filling.
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Bridge plating technology offers a further
advantage in terms of thermal conductivity 
compared to filling materials. Copper delivers 
one of the best thermal conductivity proper-
ties compared to lower thermal conductivity 
properties of any plugging paste on the market 
(Tables 2 and 3).

This advantage enables PCB designers to 
reduce the number of thermal vias by about 
70% while focusing on thermal conducting 
and cooling efficiency at hotspots.

As illustrated in Figure 7, there are three re-
liability concerns with plugged vias that are 
negated by copper plating. Whereas the void 
(1) and dimple (2) are related to process con-
trol (lower risk), the blistering (3) is related to
material and dimension. The CTE mismatch of
copper (16.5 ppm) compared to plugging paste

(30–50 ppm) may result in a blister. These 
three phenomena on plugged vias have been 
investigated [4].

Whereas plugging with paste may create all 
three phenomena (Figure 7, right picture), the 
blistering phenomenon (3) is negated by us-
ing copper as the filling material. The forma-
tion void (1) can also be avoided fully using 
modern copper through-hole filling processes, 
which operate void-free. This is achieved using 
automated and sophisticated equipment con-
trols during the copper bridging and filling pro-
cess. Furthermore, the dimple (2) is also con-
trolled below 5 µm with the right settings on the 
copper process. These avoidance techniques 
are simply not possible when plugging a 
through-hole via by a high-viscosity plugging 
paste enabled using screen print methods.

Bridge-plating technology works as follows. 
During the first copper electroplating plating 
process, a copper bridge is formed (Figure 8a). 
This bridge plating is the key to fill the hole. 
After this step, only two microvias on the top 
and the bottom are left, which will be filled 
with copper by one or more subsequent micro-
via filling steps (Figure 8b–c).

The copper bridge plating process works 
best with a horizontal copper plating process 
because the horizontal system offers key ad-
vantages in terms of fluid dynamics inside the 
hole. This promotes the generation of void-free 
plating results, very low plated-copper thick-
ness on the surface, a much better copper uni-
formity, and higher throughput compared to 
vertical plating units.

The dimensions of through-holes that are 
achievable with filled copper are illustrated in 

Table 2: Thermal conductivity of copper versus plugging 
paste.

Table 3: Thermal resistance of copper versus plugging 
paste (e.g., 1-mm board thickness, 0.3-mm diameter, 
25-µm copper barrel).

Figure 7: Plugging paste versus copper plating through-hole filling [4 & 5].
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Table 4. This table is based on various commer-
cially available copper electrolytes used in the 
latest generation horizontal plating equipment.

Current research and development efforts re-
garding copper through-hole filling cover the 
following topics:

• Faster processing time (cost driven)
• Plating less copper on the surface

(cost driven)
• Increasing the uniformity (technology

driven)
• Better filling performance, low dimple

(technology driven)
• Keeping the void-free level (quality driven)
• Selecting parameters to plate higher

aspect ratios

Other New Electroplating Copper 
Technologies 

As the technology of filling microvias and 
through-holes is already established and in pro-
duction, the electronics market requires newer 
features, such as pillar plating realized on IC 
substrates or smaller RDL (redistribution layer)  

structures, to enable panel level packaging 
(PLP) on the IC substrate level. That develop-
ment has already progressed quite far. A newer 
equipment approach with recently developed 
copper electrolytes does enable these technolo-
gies. The first copper plating equipment of this 
new generation offers the following:

1. Plating of a target copper thickness of 6 µm
on a 600x600-mm panel with a copper thick-
ness distribution of less than 5% (Figure 9)

Figure 9: Achieved copper thickness distribution 
on a 600x600-mm panel.

Figure 8 (a–c): Copper filling of a through-hole with patented “Bridge-Plating.”

Table 4: Copper-filled through-holes 
(dimensions that can be filled today).
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2. Capable of filling microvias with a size of
15x10 µm by having only 5 µm plated thickness 
on the surface and a dimple less than 2 µm 
(Figure 10)

Furthermore, this new plating tool enables 
panel-level packaging technology on IC sub-
strates. This allows the IC substrates industry 
to compete with the semiconductor wafer lev-
el packaging technologies and plate new fea-
tures, such as copper pillars.

Summary
This paper presents the actual status of mi-

crovia filling and through-hole filling realized 
by electrolytic copper plating processes. The 
dimensions of microvias and through-holes 
that can be filled by electrolytic copper pro-
cesses today were shown. Further, the cop-
per-filling technologies versus paste plugging 
were compared and the benefits of the cop-
per filling technologies have been illustrated. 
The scope of future developments in terms of 
microvia filling and through-hole filling have 
been addressed. Next-generation technology 
segments, such as panel level packaging (PLP) 
and plating of copper pillars on IC substrates 
realized by a novel electrolytic copper plating 
processes, were also considered.  PCB007
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Two often overlooked performance attri-
butes for organic solderability preservatives 
(OSPs) are the organic film thickness and the 
topography of the copper after microetch. Film 
thickness up to an extent is critical. However, 
the copper topography and surface preparation 
also play a role. 

Thus, you should not overlook the criti-
cal nature of the overall OSP film thickness. 
Of course, thickness alone is not sufficient to 
ensure solderability. The uniformity of the or-
ganic film coupled with the film’s ability to 
minimize oxidation are important as well. The 
topography of the copper surface influences 
the uniformity of the OSP film as well as its 
thickness. 

 
Microetching

Ensuring a clean and properly etched cop-
per surface is necessary to affect the uniform 
deposition of the organic film on the copper 

surface. Concerns with thinner organic film 
where there is significant roughness of the 
copper are well-founded. Internal studies have 
shown that hydrogen peroxide microetchants 
impart a smoother topography to the copper 
surface than persulphate-based etchants. It is 
recommended that excessive microroughening 
be avoided. The concern is that with excessive 
roughness on the copper, there will be areas 
that have an insufficient thickness of OSP. In 
these situations, the thin areas will be more 
prone to oxidation (Figure 1). Some chemical 
processes impart rather large roughness pro-
files, such as those used to enhance solder 
mask adhesion; these types of etchants should 
be avoided. 

The previously described condition becomes 
more of an issue when the OSP film thickness 
is thin. But again, the thickness of the overall 
film does not necessarily imply that thicker is 
better. It is more about the uniformity of the 

OSP Performance: Effect of 
Film Thickness and Microetch

Trouble in Your Tank
by Michael Carano, RBP CHEMICAL TECHNOLOGY

Figure 1: The bottom image shows excessive roughness leading to areas where the OSP film is thin.
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OSP film and thickness over the peaks and val-
leys on the microetched copper surface (Figure 
2). As a rule of thumb, an OSP film thickness 
of 1,500–2,000 angstroms (0.15–0.20 microns) 
is sufficient for lead-free assembly. However, 
that means minimum thickness over the thin-
nest areas of the profile. 

To ensure sufficient operating window for 
lead-free assembly with OSP, increase the film 
thickness to 2,500–3,000 angstroms. Regard-
less, do not overlook the importance of sur-
face topography and its influence on the sol-
derability or surface preparation. Compare the 

two pictures in Figure 3; on the left is a copper 
surface is cleaned with scrubbing only, and on 
the right is the scrubbed surface with OSP. No 
other surface preparation was used. 

Note the dark spots on the right image;  
these dark spots represent areas on the cop-
per surface where the OSP is too thin or 
non-existent, which will lead to poor solder-
ability. Again, ensure that the pre-clean line 
before OSP provides a clean, virgin copper sur-
face with a uniformly etched surface. Ideally,  
20–40 microinches of copper should be re-
moved. 

Figure 2: OSP film over a peroxide-sulfuric acid etched surface (L) and OSP film over a heavily microroughened 
surface (R).

Figure 3: Improperly prepared surface with (L) a scrubbed surface and (R) a scrubbed surface with OSP.



APRIL 2019   I    PCB007 MAGAZINE    87

In case of insufficient microetching, the cop-
per surface will show a dark color when ex-
posed to air (Figure 4). The discoloration is 
due to the formation of cupric oxide. This type 
of oxidation will diminish solderability and 
further impact solder joint reliability. When 
the OSP film is too thin or not properly formed 
over the copper surface, oxygen can more eas-
ily reach the copper surface, which leads to 
discoloration. With increased exposure time 
and temperatures, the color of the copper layer 
changed from yellow to red-brown. 

The discoloration is particularly troublesome 
when complex assembly and advanced pack-

aging applications are in use. With respect to 
the latter, the solder ball attachment equip-
ment must visually detect the solder ball point; 
in turn, this is required for the machine to be 
properly aligned with the OSP-coated bonding 
pad. The discoloration will interfere with the 
machine vision system and lead to low yields. 
While a light discoloration shown in Figure 5 
will most likely not adversely affect solderabil-
ity, such a condition will interfere with proper 
solder ball alignment to the BGA feature.   PCB007

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

Figure 4: Surface showing both discoloration and normal 
copper surface after processing in OSP.

Figure 5: Slight discoloration of OSP-protected copper 
with arrows pointing to discoloration. 

Does inkjet solder resist have the potential for volume 
production? Mariana Van Dam, global sales manager of 
PCB imaging solutions, and Dr. Frank Louwet, business 
unit manager of advanced coatings and chemicals, speak 
with I-Connect007 Technical Editor Pete Starkey about 
Agfa’s latest developments, plus some novel applications 
for inkjet etch and plating resists.

The group discusses inkjet solder mask development 
at Agfa, and how they are validating the ink at a selective 

number of customer sites over the past year. “Optimiza-
tion between ink, printer, and software requires a lot of 
capacity. Cooperating at a specific customer site builds a 
lot of know-how, and the ink and system are tuned to one 
another. Doing this effort in parallel for all printers would 
be tough to organize, but we are open to cooperate with 
any and all worldwide,” said Louwet.

To read this interview, click here. (Source: I-Connect007)

Agfa on Revolutionary Inkjet Solder Mask Applications
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Article by Joan Tourné
NEXTGIN TECHNOLOGY

Sequential lamination, as it is used today in 
high density interconnect (HDI) and derivative 
technologies, is constrained by the fact that 
one cannot plate a blind hole deeper than the 
diameter of the hole. A larger hole allows pro-
cesses to plate deeper. In fact, this manufactur-
ing constraint has made it a challenge even to 
reliably plate and process blind holes up to a 
1:1 aspect ratio (AR). 

NextGIn Technology, a technology company 
based in Helmond, the Netherlands, took up 
the challenge to redesign PCB lamination tech-
niques to be easier to fabricate, to increase per-
formance, and to lower fabrication cost in com-
parison to current technologies. The constraint 
set by NextGIn Technology was to use only cur-
rent fabrication processes and tools available 
in the board shops. Using no new equipment, 
NextGIn set out to develop new processes for 
existing facilities. To do this, NextGIn needed 
to rethink the possibilities for what can be do-

ne with the capital equipment and processes. 
NextGIn has named this new process “vertical 
conductive structure” or VeCS.

Traditional manufacturing constraints stip-
ulate that to plate deeper, a larger diameter 
hole is required. And yet, there is often no ad-
ditional space in the board design for bigger 
holes. Perhaps the shape of the hole can be 
rethought. An oblong hole or slot, for example, 
would allow the hole to be cut up in multiple 
structures. The limit to plating is the size of 
the holes. One can plate a blind hole as long as 
you respect the AR of 1:1. Even the 1:1 AR can 
be a challenge to plate reliably, but to fit it into 
the current design footprint is not an option. 

Cutting holes into multiple sections has been 
on the research and development agenda of 
the interconnect industry for some decades but 
work to turn the technique into a process has 
not been successful to date. NextGIn started 
by modifying the shape of the hole. An oblong 
shape structure was created that was broken 
into multiple sections to form the contacts. 
In the initial plating experiments, this oblong 



http://iconnect007.com/ads/links.php?id=11053
http://iconnect007.com/ads/links.php?id=11054
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shape showed good to average “throw” in the 
blind slots (Figures 1 and 2).

Our results showed that the longer the slot, 
the easier it is to plate. Shorter and deeper slots 
tend to exhibit a threshold beyond which they 
experience a lack of plating. The threshold is 
defined by the depth and length of the slot. 
Presently, we target an AR threshold of maxi-

mum 4:1 in our designs with 
a ratio of slot length to slot 
width at a minimum of 3:1.

An interesting development 
from this initial work is that 
the AR definition for a blind 
slot now requires an addition-
al dimensional variable. Along 
with slot width, depth, and 
the new parameter, length. 
Ultimately, the objective is 
to create deep slots up to 2 
mm for regular circuit boards 
and even 3 mm for more ad-
vanced products. In addition 
to the slot depth, NextGIn’s 
experiments concentrated on 
slot diameters in the region of 
0.2–0.5 mm. NextGIn selected 
this range because larger slot 
widths are not as useful with 
respect to BGA component 
footprints, and smaller width 
slots—width of interest—are 

difficult to form reliably for production due to 
the stability and useful life of the mechanical 
drill bits. 

Copper Plating Tests
Naturally, plating thicknesses in the slot need 

to comply with industry standards. In Figure 2, 
the cross-sections show the results of plating a 
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Figure 1: Slot dimensions used to conduct initial “throw” testing.

Figure 2: Test results, demonstrating that the more a slot resembles a circle, 
the shorter the plating “throw” capability.
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blind structure with simple panel plating sys-
tems under standard, everyday conditions.

Figure 3 shows plating results with respect to 
the slot length and slot depth. Note that for these 
tests, NextGIn used plating processes at standard 
parameters and chemistry types. The method of 
plating was electroless copper followed by a pan-
el plate to the required copper thickness in the 
slot targeting a thickness of 25 μm.

The data shows that there will be a limit in 
terms of the length/width ratio to the depth of 
the slot in the order of 2 mm deep with a slot 
length of a minimum of 1 mm and a slot width 
of 0.5 mm. Longer slots will extend the plating 
capability of the slot (Figure 4).

Note that for application specific process 
reasons, this work has only addressed copper 
plating; the plating of the etch-resistant tin is 

not currently a focus. This choice was made 
because the applications chosen for this tech-
nique at present will fill the slots before finish-
ing the external layers.

Plating Deep Blind Structures
Next is plating deep blind structures. This 

process accesses the internal layers with-
out breaking through the opposite side of the 
board, which also avoids multiple lamination 
cycles. This enables new applications and 
complex structures in design without the man-
ufacturing complexity of multiple laminations. 
In the designs, NextGIn sees this process as 
contributing to lower board fabrication costs 
and higher data rates thanks to better-tuned 
impedance in the vertical connections (imped-
ance will be discussed in detail later in this 
series). 

Figure 5 shows an example of the density to 
which components can be placed on two sides 
of the circuit without interference between the 

Figure 3: Plating thickness as a function of slot depth 
and length.

Figure 4: Example of a plated slot with a slot width of 
0.3 mm.

Figure 5: Practical examples of plating deep blind structures with VeCS.
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top and bottom sides. Again, this is without 
the need for sequential lamination.

Note that the traditional double-blind via 
construction uses three lamination cycles: two 
for the half product and the third to laminate 
both half products together. In contrast, Next-
GIn’s process at this point in fabrication has 
used only a single lamination cycle.

Building the Vias
Next in the process is buried via construc-

tion, using microvias on both sides of the bur-

ied via. The microvia can be placed on top or 
next to the buried via. Placing it on top re-
quires an additional plating cycle.

The microvia constructions in Figures 5 and 
6 can be replaced by a single lamination cycle 
using VeCS-2 (blind slot) as shown in Figure 7. 
The routing and power plane density can be 
increased using VeCS-2. This will yield a lower 
cost price for the same product as the layer 
count can be decreased as well.

Using VeCS-2 delivers two-side component 
placement capabilities similar to conventional 

Figure 6: Traditional microvia constructions that can be replaced by VeCS.

Figure 7: Single-lamination VeCS with a blind slot. 

Figure 8: Two-sided component placement using VeCS.
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double-blind and buried via with microvia 
cap technology (Figure 8). The advantage 
is that we can do this using VeCS at a low-
er cost than the traditional sequential con-
structions as used today.

Figure 9 shows a VeCS-2 slot taken from 
the bottom side of the slot showing the ver-
tical traces. Plated through-hole vias sur-
round the slot via holes.
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Figure 9: VeCS slot under magnification.

Atomic-scale Binary Logic 
Could Power Faster, More 

Energy-efficient Electronics
Researchers at the University of Alberta have designed 

atomic-scale versions of the binary logic components 
that allow computer processors to perform complex op-
erations—the latest in a series of advances that lay the 
groundwork for faster electronics that use far less power.

“The atom-scale devices we are developing create a 
new basis for computer electronics that will be able to 
run at least 100 times faster or operate at the same speed 
as today but using 100 times less energy,” said atomic 
physicist Robert Wolkow.

The proof-of-concept devices Wolkow’s team designed 
work much like logic gates in current microprocessors. 
But rather than using metal-oxide transistors mounted on 
silicon wafers, the atomic-scale logic gates use individ-
ual electrons confined in “quantum dots” directly on the 
silicon surface, dramatically reducing the space needed 
to pack millions of them into a microprocessor and the 
electricity needed to run them.

“Because our components are made of silicon, we 
make a straightforward marriage of the new atomic-scale 
technology with the standard CMOS technology that pow-
ers today’s electronics, providing an easy entryway to 
market,” said Wolkow.

This year alone, Wolkow and his team—supported by his 
graduate students and research associates at the U of 
A, the National Research Council of Canada, and the spi-
noff company Quantum Silicon Inc.—published research 
demonstrating an atomic-scale simulated computer cir-
cuit. This technique boosts the storage capacity of solid-
state memory by 1,000 times, and they also developed 
a method for automated manufacturing of atomic-scale 
circuitry.

“Today’s electronics have reached a point of matura-
tion and can’t be made any better,” said Wolkow. “We 
have to stop using so much electricity to run our comput-
ers, and that means we need a drastic change in the kind 
of computers we use.”

The research was published in Nature Electronics. 
Wolkow’s work was supported by  Western Economic  
Diversification Canada. (Source: University of Alberta)
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1	Punching Out! Why Sell to
	 a Private Equity Group? E

One category of buyers that 
is often overlooked is private 
equity groups. PCB/PCBA 
owners either think that their 
company would not be of in-
terest to a non-strategic buyer, 
or they have a negative im-
pression of financial buyers. Here are six rea-
sons why companies should consider selling to 
a private equity group.

2	 It’s Only Common Sense:
	 Eight Great Tips to Teach a New 
	 Salesperson—Listen! E

Today, all of us are working dil-
igently on getting more young 
people involved in our indus-
try. And many of those peo-
ple are going to be involved in 
sales. To help you with devel-
oping that training, here are 
eight great tips to teach a new salesperson.

3	Gene Weiner on the IPC APEX EXPO
	 2019 Automotive Executive Forum E

Dan Feinberg spoke with 
Gene Weiner, president and 
CEO of Weiner International 
Associates, about IPC’s his-
tory of forums, his thoughts 
on the Executive Forum on 
Advancing Automotive Elec-
tronics at IPC APEX EXPO 2019, and how the 
IPC Hall of Famers and the industry can help 
improve forum success.

4	Flex/MSTC Joint Conference:
	 A Collaborative Week in Monterey E

Collaboration filled the air 
at the Hyatt Regency in 
Monterey, California, as the 
18th annual Flex/MEMS & 
Sensors technical confer-
ence brought flex technol-
ogy and sensor experts and 
550+ attendees together to network and share 
their ideas.

Editor Picks from PCB007

Tom Kastner Gene Weiner

Nolan Johnson

Dan Beaulieu
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5	Institute of Circuit Technology
	 Evening Seminar E

The Institute of Circuit Tech-
nology hosted its first 2019 
seminar at the Woodland 
Grange Hotel in Royal Leam-
ington Spa in the Midlands 
of England.

6	IPC Issues Warning on
	 Microvia Reliability for 

High-performance Products E

The proliferation of 
tighter microvia den-
sities and signal in-
tegrity requirements 
in printed boards 
within the electronics industry has revealed re-
liability concerns with microvia structures in 
high-performance products.

7	American Standard Circuits
	 Acquires Lenz Router E

PCB fabricator Am-
erican Standard 
Circuits (ASC) re-
cently acquired the 
RLG 550-2 rout-
ing machine from 
Lenz.

8	Taiwan PCB Firms Gear Up Mass
	 Production for iPads, AirPods E

Flexible PCB firms 
Flexium Intercon-
nect and Zhen Ding 
Technology are 
gearing up for mass 
production for Ap-
ple Inc.’s next-generation iPad devices while 
Compeq Manufacturing and Unitech PCB sup-
ply rigid-flex boards for the forthcoming Air-
Pods.

9	ALBA PCB Acquires
	 Q-Print electronic E

ALBA PCB Group 
acquired major-
ity shareholding 
of Q-Print elec-
tronic Gmbh.

J	TTM Technologies to Sell
	 Viasource Service E

TTM Technolo-
gies Inc. and Link-
age Technologies 
Inc. announced 
the sale of TTM’s 
“Viasource” PCB 
broker service to Linkage for an undisclosed 
amount. TTM does not expect any material im-
pact on its financials as a result of this transac-
tion.

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

Martin Goosey
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Career Opportunities

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.

Technical Service Engineer 
(PCB Process Engineer)

Plano, Texas

PRIMARY FUNCTION:
To provide expert technical advice on production 
and engineering issues in the application of sol-
der mask and other Taiyo products.

ESSENTIAL DUTIES:
• Troubleshoot customer problems
• Conduct technical audits
• Advise and consult on product evaluations
• Conduct technical presentations
• Frequent travel to customer facilities (travel 
    required, up to 50% of the time)
• Write trip/audit reports
• Coordinate travel arrangements to realize 
    significant transportation savings
• Respond to and write email messages
• Write monthly reports
• Prepare agendas for customers, detailing goals 
    and objectives
• Must comply with all OSHA and company 
    workplace safety requirements at all times

OTHER DUTIES:
• Other duties as assigned from time to time

REQUIRED EDUCATION/EXPERIENCE:
• College degree preferred with solid knowledge 
    of chemistry
• 10 years of technical work experience in the 
    printed circuit board (PCB) industry
• Computer knowledge
• Good interpersonal relationship skills

WORKING CONDITIONS:
• Occasional weekend or overtime work

https://www.apctinc.com
https://www.apctinc.com/join-our-team/
http://www.taiyo-america.com
http://www.taiyo-america.com/index.php/contacts/career-opportunity/
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Career Opportunities

Multiple Positions 
Available

The Indium Corporation believes that 
materials science changes the world.  As 
leaders in the electronics assembly in-
dustry we are seeking thought leaders 
that are well-qualified to join our dynam-
ic global team. 

Indium Corporation offers a diverse range 
of career opportunities, including:

• Maintenance and skilled trades 
• Engineering
• Marketing and sales 
• Finance and accounting
• Machine operators and production 
• Research and development
• Operations

For full job description and other 
immediate openings in a number 

of departments: 

www.indium.com/jobs

Field Service Engineer: 
Multiple U.S. Locations

Reporting to a regional service manager, these 
customer-focused engineers will uphold the Koh 
Young culture while delivering professional tech-
nical services for our award-winning portfolio of 
inspection solutions. The role will enthusiastically 
visit our growing list of customers for installa-
tions, training, and evaluations, as well as techni-
cal support and maintenance.

We are looking for candidates with a technical 
degree or equivalent plus three or more years in 
a production environment with relevant experi-
ence. Given our growing customer base, the posi-
tion will require extensive travel, including some 
internationally, as well as a collaborative attitude 
that drives success.

Koh Young is the leading 3D measurement-
based inspection equipment and solutions pro-
vider. We perform quality control and process 
optimization across a growing set of industries in-
cluding PCBA, machining, final assembly, process 
manufacturing, and semiconductors. In addition 
to our corporate office in Seoul, our international 
sales and support offices help us maintain a close 
relationship with our customers and provide ac-
cess to a vast network of inspection experts.

Join the industry’s leading provider of true  
3D inspection solutions. Forward your resume to 
Michelle.Hayes@KohYoung.com.

https://www.indium.com
https://www.indium.com/people/human-resources/jobs/
https://www.kohyoung.com/en
mailto:Michelle.Hayes@kohyoung.com
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Career Opportunities

Vision and Machine Learning 
R&D Engineer

Atlanta, GA or San Diego, CA
At Koh Young, we are focused on developing the 

future and continue to bolster our newly established 
R&D center near San Diego, California, with top talent 
focused on vision engineering and machine learning 
for electronics and medical applications. Currently, 
we are collaborating with top medical universities and 
hospitals across the U.S., Korea, and Japan to develop 
innovative neurosurgical robotic systems. With core 
technologies developed in-house, we expect to deliver 
neurosurgical breakthroughs.

The role will develop practical, scalable 3D machine 
learning solutions to solve complex challenges that 
detect, recognize, classify, and track medical imagery. 
Additional focus on the design, implementation, and 
deployment of full-stack computer vision and machine 
learning solutions.

The ideal candidates will hold a master’s (doctorate 
preferred) in computer science or electrical engineer-
ing with at least three years of relevant experience. 
We desire a strong understanding of machine learning 
and computer vision algorithm application within em-
bedded systems, plus significant vision expertise in 
multi-view geometry, 3D vision, SFM/SAM, and activity 
recognition.

Koh Young is the leading 3D measurement-based 
inspection solutions provider. We perform quality con-
trol and process optimization across a growing set of 
industries including electronics, final assembly, semi-
conductors, and most recently, medical imagery. 

Join the 3D inspection leader as we expand. Forward 
your resume to Michelle.Hayes@KohYoung.com.

Service Engineer Reflow 
Soldering Systems (m/f)

To strengthen our service team at Rehm Thermal 
Systems llc. in Roswell, Georgia, we are seeking  
candidates to fill the position of Service Engineer— 
Reflow Soldering Systems.

Your area of responsibility:
• Installation of Rehm reflow soldering systems at 
   the customers’ site
• Maintenance and repair work as well as technical 
   service for our customers in the USA and Mexico
• Execution of machine training

Your profile:
• Completed education studies as an engineer in 
   the field of electrical engineering/mechatronics 
   or comparable education (m/f)
• Basic and specialist knowledge in the field of 
   electronics and electrical engineering/
   mechatronics
• High willingness to travel and have flexible 
   employment
• Service-oriented and like to work independently

We offer:
• Performance-oriented, attractive compensation
• Comprehensive training
• A safe workplace in one successful group of 
   companies
• Self-responsibility and leeway

Please send application documents online to 
Natalie Werner at n.werner@rehm-group.com.

https://www.kohyoung.com/en
mailto:Michelle.Hayes@kohyoung.com
https://www.rehm-group.com/en.html
mailto:n.werner@rehm-group.com
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Career Opportunities

Service Engineer USA
Limata GmbH, a provider of direct imaging 
system solutions for the global PCB man-
ufacturing industry and adjacent markets, is 
looking for qualified candidates to fulfill the 
role of service engineer in the United States. 

Duties: 
• Assemble, install, service, and maintain our    
    products 
• Inspect the unit towards operating 
    conditions 
• Solve technical problems on-site 
• Resolve problems with our customers and 
    technical department 
• Ability to support our customers in all 
    technical questions 

Qualifications: 
• Proven experience in microelectronics is 
    preferred 
• Willingness to travel 
• Strong verbal and written communication 
    skills 

To be part of our team, please click below 
and send your resume to 

karriere@limata.de. 

Technical Service Rep 
Waterbury, CT

Do you have what it takes? MacDermid Alpha Elec-
tronics Solutions is a leading supplier of specialty 
chemicals, providing application-specific solutions 
and unsurpassed technical support. 

The position of the Technical Service Rep will be re-
sponsible for day-to-day support for fabricators using  
MacDermid Alpha’s chemical products. The position 
requires a proactive self-starter that can work close-
ly and independently with customers, the sales group 
and management to ensure that customer expecta-
tions and company interests are served.

• Have a thorough understanding of the overall PCB 
   business, and specifics in wet processing areas.
• Prepare action plans for identification of root cause 
   of customer process issues. 
• Provide feedback to management regarding 
   performance. 
• Create and conduct customer technical 
   presentations.
• Develop technical strategy for customers.
• Possess the ability to calm difficult situations with 
   customers, initiate a step-by-step plan, and involve 
   other technical help quickly to find resolution.

Hiring Profile
• Bachelor’s Degree or 5-7 years’ job related 
   experience.
• Strong understanding of chemistry and chemical 
   interaction within PCB manufacturing.
• Excellent written and oral communication skills.
• Strong track record of navigating technically 
   through complex organizations. 
• Extensive experience in all aspects of Customer 
   Relationship Management. 
• Willingness to travel.

https://www.macdermidalpha.com
https://workforcenow.adp.com/mascsr/default/mdf/recruitment/recruitment.html?cid=65252787-3fb2-4866-a006-4a30959e5e19&ccId=19000101_000001&type=MP&lang=en_US
http://www.limata.com
mailto:karriere@limata.de
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Career Opportunities

SMT Field Technician 
Huntingdon Valley, 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

SMT Operator 
Huntingdon Valley, PA

Manncorp, a leader in the electronics 
assembly industry, is looking for a technician 
to operate our new in-house SMT LED assem-
bly lines. 

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

Requirements and Qualifications:
• Prior experience with SMT equipment, or 
   equivalent technical degree preferred
• Basic computer knowledge
• Proven strong mechanical and electrical 
   troubleshooting skills
• Experience programming machinery or 
   demonstrated willingness to learn
• Positive self-starter attitude with a good 
   work ethic
• Ability to work with minimal supervision

We Offer:
• Paid training period
• Health and dental insurance
• Retirement fund matching 
• Continuing training

https://www.manncorp.com
https://www.manncorp.com
https://careers.hireology.com/manncorpeledlights/276929/description
https://careers.hireology.com/manncorpeledlights/276929/description
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Career Opportunities

Sales Personnel, 
Japan

The Gardien Group is looking to expand 
the sales team in Tokyo, Japan, and seeking 
highly motivated team players with a positive 
attitude. Prior experience in the PCB indus-
try is an advantage but not necessary for the 
right candidate.

The role involves working closely with the 
customer to identify their needs and deliver 
the right solution. The candidate should be 
able to offer a high level of customer satis-
faction to ensure ongoing sales.

Training will be provided along with a com-
petitive benefits package, excellent growth 
opportunities, and periodic bonuses.

Interested candidates, please contact 
us at careers.jp@gardien.com 

with your resume. 

Kindly note only shortlisted candidates 
will be notified.

 

Technical Support Engineer, 
Germany

We are looking for a technical support engineer to join 
our team at our German facility in Kirchheimbolanden. The 
successful candidate will assist potential and current cus-
tomers in appreciating the benefits of using and optimizing 
the use of Ventec materials in their PCB manufacturing pro-
cesses, enhance customer loyalty and satisfaction, spread 
the use of Ventec materials, and grow sales. The technical 
support engineer will provide a two-way channel of techni-
cal communication between Ventec’s production facilities 
and U.K./European customers.

Skills and abilities required for the role:
• Scientific and technical educational background
• Experience in the PCB industry in engineering and/or 
   manufacturing 
• Strong communications skills (German and English) 
   with the ability to write full technical reports for group 
   or customer distribution
• Ability to work in an organized, proactive, and 
   enthusiastic way 
• Ability to work well both in a team as well as an individual
• Good user knowledge of common Microsoft Office 
   programs
• A full driving license is essential
• Willingness to travel regularly throughout Europe and 
   occasionally to Asia

We offer:
• Excellent salary and benefits commensurate with 
   experience

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

Please forward your resume to 
applytoventec@ventec-europe.com

http://www.ventec-group.com
mailto:applytoventec@ventec-europe.com
http://www.gardien.com/#
mailto:career.jp@gardien.com
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Career Opportunities
 

Multiple Positions 
Available

Want to work for a fast-growing company? Mi-
vaTek Global may be the place for your next ca-
reer move. 2018 has brought significant growth, 
increasing sales and revenue. And, we are just 
getting started! To support the current cus-
tomer base and fuel further expansion, we are 
looking for bright and talented people who are 
energized by hard work in a supportive and 
flexible environment.  

Open Positions:
• Technical Service Technicians
• Regional Sales Representatives
• Regional Leader for Asia Sales and Support

Proven experience in either PCB or Micro-
electronics and willingness to travel required  
for all positions.

More About Us
MivaTek Global is a distributor of manufacturing 
equipment with an emphasis of Miva Technolo-
gies’ Direct Imager, Mask Writer, Flatbed Photo-
plotter imaging systems and Mach3 Labs X-Ray 
Drills. We currently have 45 installations in the 
Americas. Expansion into Asia during 2018 has 
led to machine installations in China, Singapore, 
Korea, and India. 

To be part of our team, send your resume to 
n.hogan@kupertek.com for consideration of  
current and future opportunities.  

Sales Representatives 
(Specific Territories)

 
Escondido-based printed circuit 
fabricator U.S. Circuit is looking to  
hire sales representatives in the 
following territories:

• Florida
• Denver
• Washington
• Los Angeles

 
Experience: 

• Candidates must have previous 
   PCB sales experience.

Compensation: 
• 7% commission

 
Contact Mike Fariba for 

more information.
 

mfariba@uscircuit.com

http://www.uscircuit.com
mailto:mfariba@uscircuit.com
https://mivatek.global
mailto:n.hogan@kupertek.com
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Career Opportunities

Zentech Manufacturing:

Hiring Multiple Positions
Are you looking to excel in your career 

and grow professionally in a thriving busi-
ness? Zentech, established in Baltimore,  
Maryland, in 1998, has proven to be one of 
the premier electronics contract manufac-
turers in the U.S.  

Zentech is rapidly growing and seeking 
to add Manufacturing Engineers, Program 
Managers, and Sr. Test Technicians. Offer-
ing an excellent benefit package including 
health/dental insurance and an employer-
matched 401k program, Zentech holds the 
ultimate set of certifications relating to the 
manufacture of mission-critical printed cir-
cuit card assemblies, including: ISO:9001, 
AS9100, DD2345, and ISO 13485. 

Zentech is an IPC Trusted Source QML and 
ITAR registered. U.S. citizens only need apply. 

Please email resume below. 

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

Applicants should apply with their CV to 
melanie.latham@hkw.co.uk

(agencies welcome)

https://www.electrolube.com
mailto:melanie.latham@hkw.co.uk
https://www.zentech.com
mailto:sales@zentech.com
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Career Opportunities

IPC Master 
Instructor

This position is responsible for IPC and 

skill-based instruction and certification 

at the training center as well as train-

ing events as assigned by company’s 

sales/operations VP. This position may 

be part-time, full-time, and/or an inde-

pendent contractor, depending upon 

the demand and the individual’s situa-

tion. Must have the ability to work with 

little or no supervision and make appro-

priate and professional decisions. Can-

didate must have the ability to collab-

orate with the client managers to con-

tinually enhance the training program. 

Position is responsible for validating 

the program value and its overall suc-

cess. Candidate will be trained/certified 

and recognized by IPC as a Master In-

structor. Position requires the input and 

management of the training records. 

Will require some travel to client’s facili-

ties and other training centers.

For more information, click below.

https://www.blackfox.com
mailto:sharonm@blackfox.com
mailto:barb@iconnect007.com
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Coming Soon to PCB007 Magazine:
MAY: New Materials
Evolving designs and applications require advanced 
levels of performance from materials. We look at new 
materials across the industry.

JUNE: Everything Starts With Design
Designers need more information to estimate their design 
choices, and fabricators ultimately build what the designers 
specify. How can we make this conversation more efficient?

Events Calendar

Additional Event Calendars

NEPCON China 2019 E
April 24–26, 2019
Shanghai, China

Del Mar Electronics & 
Manufacturing Show E
May 1–2, 2019
San Diego, California, USA

SMTconnect E
May 7–9, 2019
Nuremberg, Germany

Medical Electronics Symposium 2019 E
May 21–22, 2019
Elyria, Ohio, USA

Industry 4.0—Smart Factory E
May 29, 2019
Tel Aviv-Yafo, Israel

EIPC Summer Conference 2019 E
June 13–14, 2019
Leoben, Austria

NEPCON Thailand 2019 E
June 19–22, 2019
Bangkok, Thailand

PCB Pavilion @ LCD EXPO Thailand E
June 27–29, 2019
Bangkok, Thailand

NEPCON South China 2019 E
August 28–30, 2019
Shenzhen, China

productronica India 2019 E
September 25–27, 2019
Delhi NCR, India

http://www.ipc.org/IPCCalendar.aspx
https://www.smta.org/news/smta_calendar/calendar.cfm
http://community.inemi.org/calendar_list.asp
http://pcb.iconnect007.com/landing/pcb/events?skin=pcb
https://www.nepconchina.com/en/
http://www.manufacturing.show/electroshows/tech.cfm
https://smt.mesago.com/events/en.html
https://www.smta.org/medical/
https://www.new-techevents.com/industry-4-o-smart-factory/
https://www.eipc.org/eipcevent/2019-summer-conference/
https://www.nepconthailand.com/
https://www.ledexpothailand.com/pcb-zone/
https://www.nepconsouthchina.com/en/
https://www.productronica-india.com/
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