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The PCB design segment seems to be doing 
pretty well right now. But let’s face it: Eventu-
ally, odds are that you’re either going to wind 
up job-hunting or hiring a new technologist 
for your firm. In this “Help Wanted” issue, our  
contributors discuss hiring—from both sides of 
the desk. 
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SMTA Atlanta is always a treat. This tabletop 
show in Duluth, Georgia, draws most of the PCB 
community in Atlanta, and exhibitors from all 
over the country. These shows are cheap for ex-
hibitors; one good lead more than pays for your 
exhibit space, and you get to enjoy my neigh-
bors’ Southern hospitality along the way. 

The show had a pretty decent turnout, de-
spite the extra traffic headaches caused by the 
“accidental” torching and collapse of part of 
I-85 last month, which forces motorists onto 
I-285 and surrounding arteries. (How does a 
highway burn in the first place?) 

The exhibitors were all upbeat, many re-
porting a better-than-average Q1. One sales 
manager for a fabricator joked that the compa-

ny had so many orders that he needed to take 
a vacation so they could catch up. Of course, 
he was hitting up potential customers the next 
day. 

Many exhibitors said they were hiring. One 
capital equipment rep said the firm is constantly 
searching for new technicians to install and set 
up their machines. Talk about a small universe: 
How many people in North America know how 
to calibrate a pick-and-place machine?

But the highlight of SMTA Atlanta is al-
ways the Industry Roundtable. Norcross design 
bureau owner Albert Gaines once likened the 
roundtable to a “psychiatrist’s couch for PCB 
designers.” This year’s roundtable attracted 
about a dozen designers, electrical engineers 

by Andy Shaughnessy
I-CONNECT007 

The “Help Wanted” Issue

THE SHAUGHNESSY REPORT
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Andy Shaughnessy is managing 
editor of The PCB Design Magazine. 
He has been covering PCB design  
for 18 years. He can be reached by 
clicking here.

and fabricators from companies like Siemens, 
NCR and Cisco. 

Some interesting points from the very lively 
conversation:

• Some designers are forced to move up to
16-layer boards in order to fan out BGAs
with pin counts of 1,600 and up. As one
said, “Designers can drive the cost of the
board, unless it’s a 1,600 pin-count BGA.”

• Every designer present was using FR-4
or a flavor of FR-4. None were designing
boards with advanced materials.

• Only one person knew very much about
printed electronic circuits. Most wanted
to know what the fuss was about, and if
anyone was successfully using PEC.

• At one company, the procurement depart-
ment didn’t know that their designers
could design .003” lines.

• An “Only in this Industry” story: One Tier
1 CEM convinced its customers that all
boards require three re-spins. Why? It’s
still a prototype if it’s still undergoing re-
spins, and they charge more for protos.
You have to admire thinking like that.

• One great quote: “DFM software isn’t per-
fect. It’s still a tool.”

• Only one company had plans to hire new
designers: When two senior designers re-
tire soon, the company plans to replace
them with one PCB designer. Yes, you
read that right. At least they won’t be
farming out their PCB design work.

These SMTA tabletop expos are great region-
al shows. For all the people who don’t go to IPC 

APEX EXPO and DesignCon, these shows are re-
ally a must-attend.

Must Play Well with Others
Which brings us to this month’s issue, “Help 

Wanted.” We’ve heard a lot of rosy talk about 
how the industry is looking up. Think about it: 
Do you know any designers who have been out 
of a job for very long? 

So, we asked our expert contributors to dis-
cuss what hiring managers are looking for, what 
skills are hot, and what designers should do 
if they are forced to freshen up their resumes. 
Columnist Abby Monaco gives her thoughts on 
job-seeking in the EDA world, from her point 
of view as both a hiring manager and a job can-
didate. Technical Editor Kelly Dack discusses 
his own job-hunting experience, and how his 
IPC CID credentials came in quite handy. In 
an interview, SnapEDA founder Natasha Baker 
explains how she manages to hire top-notch 
electrical engineers, and the need to make EDA 
attractive to such technologists once again. As-
sociate Professor Bojan Jovanovic of the Univer-
sity of Niš, Serbia, discusses his efforts to put 
together a PCB design curriculum, and what the 
students should learn in his class. And finally, 
columnist Tim Haag began this article months 
ago, not knowing that he would soon be seek-
ing another job in PCB design. He explains the 
importance of being prepared, as well as stick-
ing to what you’re good at and not trying to 
re-invent yourself to land another job.

We also have articles by Altium Chief Mar-
keting Officer Tim Pawela and Schindler & 
Schill GmbH CEO Guenther Schindler. And we 
have columns by our regular contributors Barry 
Olney of iCD and Alistair Little of Electrolube.

Whether you’re hiring or not, we hope 
you’ll enjoy this month’s issue. Next month, we 
delve deep into embedded technology. See you 
then!  PCBDESIGN

THE “HELP WANTED” ISSUE

http://design.iconnect007.com/index.php/column/54/the-shaughnessy-report/57/
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It’s all about who you know. And you’d bet-
ter know that!

I would be surprised if anyone reading 
this doesn’t know this one major principle of 
hiring: Whether you’re hiring or looking for a job, 
nothing happens unless you know the right person. 

In my experience at Intercept Technology, 
the best way to find new staff is by asking cur-
rent staff for recommendations. This tends to be 
a successful approach because someone already 
on staff doesn’t want to make himself look bad, 
so we can be fairly confident in whoever he 
recommends. This also helps morale and team-
building because a new hire who can be intro-
duced to the team by someone who knows and 
respects that person creates instant credibility 
among the entire team.

When this doesn’t pan out, the next best 
thing is to return to the stack of resumes sent 
in when we were not hiring. So many people in 
the EDA industry know one another that very 
often we will have resumes submitted from  

people we already 
know, former custom-
ers, even people who evaluated our software 
whose management selected the bigger soft-
ware vendor just to cover their own backs in the 
face of the designers’ clear choice for our soft-
ware. So, when one such valuable contact has 
inquired with us, we keep their information on 
file. A lot of times these people have moved on 
into new positions by the time we make con-
tact, but it always makes sense to start with the 
top picks.

The next option is to contact anyone we 
know who we would love to have the job. It 
is a sad fact that if you are already employed, 
you are more desirable as a candidate because 
no questions have to be asked about why you 
are not employed. This is a cold, unfair fact for 
those of us hard-working folks who have been 
laid off. 

But I have experience hiring people who 
were “laid off,” only to find that they were actu-

by Abby Monaco
INTERCEPT TECHNOLOGY 

The Hiring Game

FEATURE COLUMN: SOFTWARE BYTES
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THE HIRING GAME

ally fired for cause. Many employers try to avoid 
friction at the end by filling out the papers as 
though an employee were laid off, which covers 
up the truth when there is a problem employ-
ee. This is essentially kicking the can down the 
road, causing a very expensive, painful problem 
for every subsequent employer who is duped 
into hiring this person only to experience the 
truth first-hand.

When all else fails, we’ll post the job open-
ing on our website. If we are seeking a new soft-
ware developer, we usually call Georgia Tech 
University, down the road from us, to see who 
might like a senior internship that can become 
a salaried position right out of school, or find a 
developer who is graduating in the upcoming 
semester who might like to interview. When it 
comes to software developers, new talent is al-
ways nice to mix into our mid- and senior-level 
experienced teams.

Over time, we have found that, due to the 
specialized nature of our industry, posting to 

job sites isn’t helpful. It just creates a tidal wave 
of resumes, most of which are for candidates 
who are not relevant, qualified, or even fluent 
in English. Since Intercept is a smaller company, 
we don’t require a recruitment team, but that 
also means we don’t have a lot of time to wade 
through useless resumes. For us, it’s a good bet 
that putting something on our careers page will 
snag someone we’d like to talk to, because any-
one looking for a job in EDA will seek us out as 
opposed to the other way around.

Selecting the Right Person
Whether hiring an account manager or a 

new software developer, they are always put 
through our standard software training for 
both our Mozaix schematic software as well as 
our Pantheon PCB/hybrid/RF layout software. 
We do this because they absolutely must have 
working knowledge of the products that Inter-
cept thrives on. You can’t sell something you 
know nothing about, nor can you write code 
within an application without knowing how it 
needs to come out for the person using that ap-
plication. Even marketing a product that you’ve 
never used is an impossible expectation in this 
market space.

There are plenty of work places where a job 
is black and white: Make a sales quota, finish 
coding a project according to the specification, 
and make hard line release dates. But Intercept 
expects more. Our staff members need to really 
understand what they are doing, and have in-
telligent dialogue with account managers, mar-
keting managers and product managers. We ex-
pect collaboration, engaged thought processes, 
and detailed analysis from all sides.

So, this trial phase of asking a new hire to 
conduct himself on his own through the train-
ing manuals really brings out the personality 
we will be working with down the road. When a 
new hire is constantly getting up to ask a ques-
tion about this or that, we know things are pro-
gressing well. Alternatively, when another new 
hire rips through the manuals without ever get-
ting stuck or asking any questions, that’s a red 
flag. Running advanced electrical engineering 
and PCB layout software is not simple. Every-
one gets stuck at some point, and everyone has 
at least one question to ask. Everyone.
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ployees. Beyond this, by fostering a helpful and 
open culture among workers, the new person 
can find ways to fit in without it being stressful. 

We spend a large portion of our lives in the 
office. For employers, it is important to recog-
nize this and to work toward a positive working 
culture where teamwork comes naturally. But 
it is also incumbent upon the new hire to also 
bring positive attitude and willingness to em-
brace the change in workplace.

Keeping the Good Ones
Our company is built on retaining the good 

employees. Whatever it takes to keep them hap-
py and motivated, we’ll do it. We do our best to 
offer competitive salaries and excellent benefits, 
and each employee’s motivations are discussed 
and put into place on projects whenever pos-
sible.

Something that I’ve always thought of as a 
nice perk is that we always upgrade the tools 

Getting the Cogs to Fit Together
No employer should expect any new hire to 

be up to top speed right away. My estimation is 
that after the first three months, it’s time to look 
back and see how far an employee has come. 
During this time, everyone is getting to know 
the new person’s work habits and personality 
traits, and there is a bit of time needed to get to 
a level of familiarity and establish rapport. 

Being qualified for a job doesn’t necessarily 
mean a person will fit into the team the way a 
company needs. For example, I have seen new 
hires from larger competitors come into Inter-
cept, with everyone in the company feeling very 
positive. But Intercept is not a large bureaucracy 
in which people can do very little for large sala-
ries; we expect hard-working, entrepreneurial, 
self-driven people to join our ranks. We have a 
small management team that accomplishes big 
things, meaning that we have no time to mi-
cromanage anyone. So there have been times 
when we were happy to recruit from our larger 
competitors, only to be disappointed in the lack 
of output we saw from an individual. 

But this isn’t to say all is lost. Another very 
important part of bringing on a team member 
is to coach them along and give them plenty of 
opportunities to “get on the bus,” so to speak. 
Getting the new cogs of a team to fit together 
means giving people opportunity to change 
course when things might seem to be going 
poorly. This is accomplished by having a man-
ager sit and chat with that person and offer 
some friendly insights that might help smooth 
things out. When I was first employed at Inter-
cept, our engineering manager told me I was 
taking everything too seriously, and I might be 
happier if I tried to breathe a little. I didn’t real-
ize how uptight I was because I was trying so 
hard to do my job well.

We like to make sure a new hire is included 
in lunch outings to help blow off any nervous 
energy and get to know the rest of us more so-
cially. Often, this leads to questions and answers 
that ultimately help make that person a better 
contributor. This also exposes the new person 
to personalities and team dynamics.

One overriding principle of helping a new 
hire to be successful is by having carefully de-
veloped a good working team of existing em-
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we use, whether it’s faster computer hardware 
or the newest cell phone. Being rewarded for a 
job well done may not always be in the form of 
a bonus, but perhaps a new laptop or upgraded 
processor. While this sounds small, it’s actually 
a big deal given that we are a software company 
and accustomed to working at a fast pace. It also 
keeps us using the latest hardware, which we 
should have working knowledge of since our 
end users are the ones designing this same kind 
of hardware.

The majority of employees at Intercept are 
approaching 20 or more years on the job. We 
have had some very talented younger people 
come and go, but the core team has not seen a 
need to leave. The company gives us all some-
thing to believe in, something we feel invest-
ed in. We are told that we make a difference, 
and that we are appreciated. When we demon-
strate professionalism and responsibility, we are 
rewarded with flexibility and trust. It is these 
small ways that management works that creates 
such a longevity and loyalty among employees.

I have seen first-hand how difficult it is to 
have a great team member suddenly put in a 
resignation notice and leave a gaping hole that 
the rest of us have to try to fill while looking for 
a new person. It does happen, and for under-
standable reasons, but I can say without a doubt 
that I would never accept a job without my full 
intention of staying long term. 

Remember: Whether you’re the interviewer 
or the one being interviewed, integrity and loy-
alty are more important than skill level or ex-
perience. You can teach a new hire about your 
software, but we can’t teach how to be a good 
person.   PCBDESIGN

Abby Monaco is director of 
Products and Marketing at Inter-
cept Technology Inc. She has been 
with the company for more than 
17 years. She can be reached at 
abby_monaco@intercept.com.

A recent study affiliated with UNIST has pro-
posed the possibility of in situ human health moni-
toring simply by wearing a contact lens with built-
in wireless smart sensors. 

This study has been jointly conducted by Pro-
fessor Jang-Ung Park of Materials Science and En-
gineering, Professor Chang Young Lee of Life Sci-
ence, and Professor Franklin Bien of Electrical and 
Computer Engineering at UNIST in collaboration 
with Professor Hong Kyun Kim of Ophthalmology 
and Professor Kwi-Hyun Bae of Internal Medicine 
at Kyungpook National University. 

In the study, the research team unveiled a 
smart contact lens sensor that could help moni-
tor biomarkers for intraocular pressure (IOP), dia-
betes mellitus, and other health conditions. The 
research team expects that this 
research breakthrough could lead 
to the development of biosensors 
capable of detecting and treating 
various human diseases, and used 
as a component of next-gener-
ation smart contact lens-related 
electronic devices.

Since blood sugar can be measured with tears, 
many attempts have been made to monitor diabe-
tes with contact lenses. The biggest drawback with 
conventional smart contact lenses was thought to 
be poor wearability. Moreover, because they lens-
shaped firm plastic material, many people com-
plain of comfort issues with contact lens wear 
which made wearing them impossible. 

Professor Park and his research team solved 
these issues by developing a sensor based on 
transparent and flexible materials. Using this 
sensor, patients with diabetes and glaucoma 
may one day be able to self-monitor blood glu-
cose levels and eye pressure. Through the em-
bedded wireless antenna in the contact lens 
sensor, patients can also transmit their health 

information, which allows real-
time monitoring of their health 
conditions, as well. In addition, 
because the system uses wireless 
antenna to read sensor informa-
tion, no separate power source 
is required for the smart contact 
lens sensors. 

‘Smart Contact Lens Sensor’ for Diabetic and Glaucoma Diagnosis

mailto:abby_monaco@intercept.com
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by Kelly Dack, CID+ 
EPTAC

Throughout my decades-long career in PCB 
design, I have been fortunate. I’ve only had to 
search for a job out of desperation once. I had 
no idea my IPC Certified Interconnect Designer 
credentials would come in handy when I hit the 
pavement.

This was during the telecom industry down-
turn around the year 2000. Suddenly, I found 
myself laid off for the first and only time in my 
life. 

Prior to being laid off, I’d moved around 
a bit. I’d worked nine years for an aerospace 
company; nine years for medical products com-
pany; three years for a small product develop-
ment company; eight months for a PCB design 
software VAR, and then three years at a telecom 
company in Southern California. Whew! 

During the early years of my career, I’d 
changed jobs on my own terms, typically by fol-
lowing my engineering peers to new opportuni-
ties. My PCB design experience had become suit-
ably diverse. I loved working on design teams 
and experiencing department camaraderie. 

Come performance review time, my evalu-
ations often cited that, “Kelly works well on a 

team.” It was the dotcom era and electronics 
companies were rolling in cash. I felt on top of 
the world and I was bringing in more income 
than ever, until the electronics industry’s eco-
nomic bubble burst. It was unbelievable at the 
time; maybe you had a similar experience. A lot 
of designers did.

After a week or two, I realized that I was total-
ly unprepared for a layoff. I had no engineering 
peers to follow to another local job. The few local 
companies that were hiring were destined to be 
under water before long. I had to begin looking 
for a job on my own. I began reading advice on 
how to update a resume. “I work well on a team,” 
I wrote. But needless to say, flaunting that you 
work well on a team is of little value if there is no 
work. I began searching for jobs out of state.

Soon, I came across a lead for a PCB design 
job in Reno, Nevada. The job description stated, 
“Must work well on a team.”  I thought, “That’s 
me!” I sent off my application.

Before long, my phone rang. It was the hu-
man resources manager from the company in 
Reno. She mentioned that she would like to 
schedule a phone interview with me. I was hop-
ing she would mention something about the 
PCB design team in Reno, but she didn’t. Great! 
I responded.

MUST WORK 
WELL ON A TEAM; 

CID A BONUS

FEATURE 
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A week or so later, I answered the phone and 
was introduced to the Reno company’s engineer-
ing services manager and principle electronics 
engineer. We talked extensively about my work 
history and the types of printed boards I had de-
signed, but they seemed particularly interested in 
a certification I’d received the previous year from 
IPC, the Certified Interconnect Designer (CID).

I mentioned that I’d paid for the CID train-
ing and certification on my own because my 
company at the time was getting ready for lay-
offs and probably couldn’t afford it. I explained 
that I considered it valuable—not because 
I thought I’d be job hunting within the next 

year, but because I’d heard that it taught PCB 
design principles based on IPC standard design 
and manufacturing specifications. I added that 
the certification program had taught me how to 
look outside my own bubble to see how my de-
sign decisions not only affect the performance 
of the PCB, but how they affect the success or 
failure of PCB CAM and fabrication personnel, 
assembly and testing personnel, and even the 
inspection and purchasing personnel.

As the phone interview concluded, the en-
gineering manager asked if I had any questions 
regarding the position. I referred to the job de-
scription requirement about working well on 

While teaching a recent Certified Inter-
connect Designer (CID) class in Chicago, 
I got to know my nine students fairly well. 
They came from all sorts of backgrounds and 
geographic locations, but they had one thing 
in common: They wanted to have CID after 
their names. 

Ever the intrepid reporter, I asked if any 
of them would be interested in talking about 
their reasons for taking the CID class, and four 
of them agreed. These are their stories: 

Amy Baker, a PCB designer with 
Digi International Wireless Design 
Service in Minnetonka, MN: 

“My company supports IPC 
designer certification because of 
the credibility it adds to our team. 
The material is well presented with emphasis 
on referencing industry approved IPC stan-
dards, design methodologies and best prac-
tice. The diversity of people attending our 
class made for interesting class discussion and 
outstanding network opportunities.”

Javier Baca, EE, Yazaki Service, 
San Nicolas, N.L. Mexico:

“The IPC CID course helped 
me to think beyond the limited 
PCB project experience I gained 
at the university level. The four-

day class has helped me better relate to my 
company’s standards and how they compare 
to IPC standards. I hope to use the knowledge 
I’ve gained in this program to increase the 
quality of our design process back home.”

David Moore, PCB design 
supervisor/manager, Honeywell 
International, Melville, NY:

“I’m gaining my IPC PCB de-
signer certification to better un-
derstand IPC design, documen-
tation and manufacturing standards. I will 
return to my company with enough founda-
tional knowledge to build upon our PCB de-
sign processes and help our department to be 
accountable for its success.”

Julito Tejada, principle engineer, 
Honeywell International, 
Melville, NY:

“The benefit of this course is 
that it gives the attendees com-
mand of the PCB design and 
manufacturing functions by helping us to 
understand how to move forward using 
standardization. The workbooks and pre-
sentations help us to gain a useful depth of 
knowledge.”

KELLY CHATS WITH HIS CID STUDENTS
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Navigating in an unfamiliar setting is a major 
challenge for people with a visual impairment. 
To make it easier for them to find their way, EPFL 
researchers have developed a lightweight and re-
configurable touchscreen tablet capable of gen-
erating shapes and maps. Users can then “read” 
the graphic data on the screen with their fingers. 
The research is part of the European project 

Blindpad. 
Measuring 12 by 

15 centimeters, the 
tablet comprises 192 
tiny buttons that can 
move up and down 
in just a few millisec-
onds, almost instan-

really worked well on a team. I’d only worked 
well with a group of like-minded PCB engineers 
watching out for our own interests. 

The team in Reno came together as I was giv-
en more opportunities to practice reaching out 
to all of the other personnel in the PCB manu-
facturing processes. The team was composed of 
personnel from all of the various PCB manufac-
turing disciplines that I’d learned about while 
gaining my CID.

Now, as a CID instructor for EPTAC, I’m able 
to give back to the PCB design community by 
passing on my knowledge. The CID is much 
more than a piece of paper, or proof that you 
know how to design a PCB that’s manufactur-
able anywhere in the world. 

Bottom line: The CID might just help you 
get a job. And isn’t that what it’s all about?   
PCBDESIGN

Kelly Dack is currently a full-time 
PCB designer for KeyTronicEMS 
Corp., a dynamic assembly contract 
manufacturer with facilities world-
wide. Additionally, Kelly serves on 
the executive staff of the IPC 

Designer Council and is employed by EPTAC 
Corporation as a CID instructor teaching classes 
nationwide.

taneously creating patterns such as the layout of a 
building, street or conference room. Users can also 
zoom in on a specific part of the map. The actuators 
are fast enough to make individual buttons vibrate.

The underlying mechanism is straightforward. 
Each button contains a tiny magnet placed be-
tween two coils and two thin layers of steel. Any 
given button can be moved up or down by gen-
erating a local magnetic field by driving current 
through one of the coils for five milliseconds. 
The magnetized buttons then remain in the up 
or down position because they attach to one the 
two steel plates. “The system requires no power 
to keep the button in place,” said Herbert Shea, 
director of EPFL’s Microsystems for Space Tech-
nologies Laboratory.

A Touchable Tablet to Guide the Visually Impaired

MUST WORK WELL ON A TEAM; CID A BONUS

a team. I asked, “What is the PCB design team 
like?” The principle engineer responded, “Well, 
it’s not really a team. It’s just one guy, and he’s 
at the movies with the department.” 

In the background, I could hear whispering. 
The engineering services manager said to the 
HR gal, “Did you tell him we have a team?” And 
the HR gal replied, “That’s a standard qualifica-
tion on our job template. It’s on all our jobs.”

So this company in Reno wasn’t really look-
ing for a PCB designer who works well on a 
team. They didn’t have a PCB design team—just 
another independent PCB designer. However, 
they really liked the insights I’d gained, not 
only from my diverse PCB employment history, 
but what I’d learned about considering all the 
spokes in the manufacturing wheel while gain-
ing my IPC CID certification.

They called me yet again to invite me up to 
Reno for an in-person interview. I ended up ac-
cepting their job offer and developing some re-
ally good friendship and teamwork skills with 
the designer who chose to attend the company 
movie, rather than be bothered by joining the 
engineering staff for my initial phone interview.

And during my fourteen-year tenure at that 
company, a wise engineering manager helped 
me to realize something about the concept of a 
team that the IPC CID training and certification 
had tried to teach me from the start: I had never 
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FEATURE INTERVIEW

SnapEDA: 
Recruiting Top Engineering 
Talent in an Amazon World 
by Andy Shaughnessy
I-CONNECT007

You don’t have to love EDA to work at 
SnapEDA, but it helps. This startup, founded 
by Natasha Baker, is on its way to creating the 
world’s largest parts library for PCB designers. 
Baker leads a small team of young, fiercely tal-
ented engineers—the kind of employees that 
are attractive to companies like Google and 
Facebook. I asked Natasha to explain her hiring 
process, and how she ensures that each employ-
ee is the right fit for SnapEDA. 

Andy Shaughnessy: Natasha, tell us a little about 
SnapEDA and the kind of people you employ.

Natasha Baker: We’re a team of nine, and we’re 
all electrical and computer engineers, except for 
our graphic designer. Together, we’ve built the 
Internet’s first library for circuit board design. 
What inspires us as a team is hearing about 
the thousands of PCB designs made with our 
platform each week. Whether it’s satellites or 
drones, getting to assist in the design of inter-
esting new devices is extremely rewarding.

We look for three main things when hir-
ing: First, we look for engineers with strong 
software and PCB design skills. Software is im-
portant because we write software on a daily 
basis. But to make a great product, we want 
that software to be guided by a deep under-
standing of the PCB design flow. Second, we 
look for passion. As EEs, we want to make life 
easier for our colleagues. We are passionate 
about making tools that streamline the PCB 
design process. Finally, we look for people who 
are detail-oriented. Our software is simple and 
easy-to-use, but it’s quite sophisticated behind 
the scenes. We generate critical manufacturing 
data, like footprints, and develop proprietary 
software to verify their manufacturability. So, 
it’s crucial that our team members value at-
tention to detail where it matters most—the 
design data.

Shaughnessy: What are some of the challenges 
you face in hiring skilled, educated workers?

Baker: One of the biggest challenges is that 
there seems to be a stigma around the EDA in-
dustry. New grads are drawn to companies like 
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Google, Facebook, Apple, and Amazon, and it 
seems that EDA has lost some of its luster.

During the recruiting process, I’ve reached 
out to several software developers who previ-
ously worked in the EDA industry who told 
me, “Sorry, I’ve moved on from EDA.” I think 
there’s an opportunity to re-invigorate EDA, be-
cause it truly is the backbone of the tech indus-
try, which makes all the products that we love 
possible, from iPhones to Teslas.

Most of our applicants usually have no idea 
what the EDA acronym stands for before apply-
ing. They apply because they know how diffi-
cult it has been for them to find the data they 
needed to make PCBs, so they understand in-
nately how much room there is to innovate. 
This is a good sign, because it shows with a bit 
of rebranding, we can as an industry make EDA 
a magnet for great talent again.

Shaughnessy: How do you typically locate poten-
tial employees?

Baker: We’re a startup, so it’s important that 
we recruit team members who are a good fit for 
a smaller team. AngelList has been one of the 
best sources for this. For those who are unfamil-
iar with it, AngelList is a website that connects 

startups, job seekers, and investors. Some of our 
investors are also from the PCB and EDA indus-
tries, so they’ve made introductions as well. Fi-
nally, we post jobs on our website, which gets 
millions of page views. So that has been an ex-
cellent source of applicants as well.

Shaughnessy: We’ve seen company owners offer-
ing cars, signing bonuses, and all sorts of things 
to bring in new staff. Do you find yourself having 
to “sweeten the pot” to land a really skilled em-
ployee? 

Baker: It’s a bit too early for us to compete on 
perks, but we aim to be competitive compen-
sation-wise. We bring people together who 
believe in our mission to help the PCB design 
community, and the future growth prospects of 
the company. They understand that they might 
not be getting Google-style free lunches today, 
but that’s OK, because they have extremely re-
warding work and strong ownership. 

Shaughnessy: Do you have a training program for 
new hires?

Baker: Yes, but it’s not at clear-cut as it might be 
at a large company. While our component en-
gineers have a clearly defined training program 
in terms of our PCB library standards, and veri-
fication processes, our software engineers have 
much less structure. And that’s because our us-
erbase is 50,000 times bigger than our software 
development team. I am in awe of what they’ve 
been able to achieve, but it requires them to 
wear many hats. One day they’re adding new 
PCB export formats, and the next they’re delv-
ing into DevOps. Although some of these pro-
cesses are documented, we’re still in startup 
mode where they’re constantly being defined 
and refined. As we grow our team, I expect we 
will segment the roles into more specific func-
tions, and as we do that, we’ll be able to set 
clearly defined training plans.

Shaughnessy: How do you measure new employ-
ees’ performance?

Baker: We have a weekly meeting where we re-
view our metrics. Everyone has ownership of a 

SNAPEDA: RECRUITING TOP ENGINEERING TALENT IN AN AMAZON WORLD 

Natasha Baker
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SNAPEDA: RECRUITING TOP ENGINEERING TALENT IN AN AMAZON WORLD 

A team of researchers, led by 
the University of Minnesota, have 
discovered a new nano-scale thin 
film material with the highest-
ever conductivity in its class. 
The new material could lead to 
smaller, faster, and more power-
ful electronics, as well as more ef-
ficient solar cells. The discovery is 
being published today in Nature 
Communications.

“The high conductivity and wide bandgap 
make this an ideal material for making optically 
transparent conducting films which could be used 
in a wide variety of electronic devices, including 
high-power electronics, electronic displays, touch 
screens and even solar cells in which light needs 
to pass through the device,” said Bharat Jalan, a 
University of Minnesota chemical engineering and 
materials science professor and the lead researcher 
on the study. 

Currently, most of the transparent conductors 
in our electronics use a chemical element called 
indium. The price of indium has generally gone up 

over the last two decades, which 
has added to the cost of current 
display technology. 

In this study, researchers 
found a solution. They devel-
oped a new transparent con-
ducting thin film using a novel 
synthesis method, in which they 
grew a BaSnO3 thin film (a com-
bination of barium, tin and oxy-
gen, called barium stannate), 

but replaced elemental tin source with a chemi-
cal precursor of tin. The chemical precursor of 
tin has unique, radical properties that enhanced 
the chemical reactivity and greatly improved the 
metal oxide formation process. Both barium and 
tin are significantly cheaper than indium and are 
abundantly available. 

“Even though this material has the highest con-
ductivity within the same materials class, there is 
much room for improvement in addition, to the 
outstanding potential for discovering new physics 
if we decrease the defects. That’s our next goal,” 
Jalan said. 

Discovery of Thin Transparent Film Could Improve 
Electronics and Solar Cell

metric—including our interns—and we all share 
how we’re seeing those metrics grow. This al-
lows us to monitor performance, but more im-
portantly, work together as a team to help each 
other perform better.

Shaughnessy: One aspect of hiring that compa-
nies seem to have trouble with is finding people 
who fit the culture of that particular company. Do 
you have any insight on this?

Baker: Culture is important, and it’s something 
that has been challenging. Do we hire the en-
gineer with decades of experience from large 
companies, or a recent grad without much ex-
perience, but lots of raw intelligence and pas-
sion? We realized that our ideal team members 
are somewhere in the middle, and can almost 
adapt to the mindsets of both these archetypes 
depending on the context. Also, as I mentioned 

earlier, a drive to genuinely be passionate about 
streamlining the PCB design process is 100% 
crucial.

Shaughnessy: Do you have any advice for other 
companies in EDA seeking to hire qualified employ-
ees?

Baker: The more candidates can see how funda-
mental EDA is to all the amazing products that 
we love, and how enjoyable and rewarding the 
technical challenges are, the easier it will be to 
recruit. If we, as an industry, are going to com-
pete with Google and Amazon, then we need to 
really show why EDA is great.

Shaughnessy: Thanks for your time, Natasha.

Baker: Thank you.  PCBDESIGN
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FEATURE INTERVIEW

Launching 
a New 

PCB DESIGN 
CURRICULUM 

in Serbia
by Associate Professor Bojan Jovanovic 
UNIVERSITY OF NIŠ, SERBIA

Let me share with you an experience that I 
remember from my college days. When I was a 
student, I had a professor who was too proud of 
the fact she was an academic. 

“You don’t need to know how to manually 
solder electrical parts or how to design printed 
circuit boards,” she lectured. “It is important 
that you understand the formula for charge car-
rier currents in a p-n junction.” 

This was her exciting example:

The allusion is clear. You engineers and re-
searchers should focus on engineering, and let 
the technicians do the technical jobs! Indeed, 
from the first semester until the last one, we 

students did not take a single course covering 
printed circuit board design, nor did we learn 
how to manually solder during our laboratory 
hours. 

Right after graduation, I started working 
as an R&D engineer for a Swiss company that 
developed and manufactured instruments for 
measuring magnetic fields and electrical cur-
rents. And guess what? Nobody ever asked me 
about charge carriers in p-n junctions. 

Moreover, I was given a heated soldering 
iron, and from day one, I was asked to design, 
assemble, test and use many custom printed 
circuit boards of different shapes and different 
complexities. We were using the Protel 99 SE 
CAD tool, the older brother of Altium Designer. 
You can imagine my frustration and the trem-
bling of my hands while holding a 300°C hot 
stick in one hand and soldering tweezers with an 
0402 resistor in other hand. I felt the same way 
using my new PCB design tool—I spent months 
building my designing skills starting from the 
very basic tutorials (schematic and PCB design 
of a simple transistor-based multi-vibrator cir-
cuit) and finally on to some advanced PCB de-
sign techniques. 

In the meantime, I moved from industry 
to academia. I was lucky enough to be part of 
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many scientific research projects in many dif-
ferent fields, from FPGA-based digital design to 
ASIC design of custom hybrid memory cells. In-
deed, I found that designing integrated circuits 
in Cadence tools, for example, was quite similar 
to PCB design: You have libraries with the com-
ponents and a stack-up of layers, and vias that 
you use to properly interconnect them. 

During the next few months, I will be pro-
moted to associate professor here at the Faculty 
of Electronic Engineering, University of Niš, 
Serbia. I will have the opportunity to organize 
a few courses in the Embedded Systems module 
of our Department for Electronics. 

My gut feeling, a consequence of the overall 
engineering experience I gained so far, tells me 
that today’s students—future engineers, deserve 
to have a course covering many different aspects 
of PCB design, manufacturing and assembling 
processes. Let me be clear: I don’t at all want to 
depreciate the importance of an understanding 
of the deep secrets of electrons and holes inside 
the silicon. Students certainly need to be quite 
familiar with transistors, diodes and the rest of 
the ingredients of any integrated circuit. 

Digital electronics, analog electronics, RF 
electronics, power electronics—everything is 

important. But let me ask you a couple of ques-
tions: What is the final destination of every 
integrated circuit? What is it worth to master 
your knowledge of the chips if you are unable 
to properly interconnect them and benefit from 
them? Ultimately, a vast majority of graduates 
will hopefully become engineers. Don’t they de-
serve to have some useful skills in their briefcase 
while knocking on the doors of industry?

Truly, the least that faculties can do is to ded-

icate one of their dozens of courses to the sub-
ject of printed circuit board design. Nowadays, 
in the era of very large scale integration, when 
electronic devices tend to become smaller yet 
more powerful, designing printed circuit boards 
requires more than just technical skills. Placing 
numerous tiny chips next to each other, dealing 
with high-speed signals, suppressing the noise, 
achieving a high-density of interconnections 
and, primarily, making a printed circuit board 
that is manufacturable, fully functional and re-
liable does not seem to be like a trivial job to 
me. 

I have a sincere desire to offer my students 
some instruction in printed circuit board de-
sign. At the moment, I’m in the early stages 
of establishing a course curriculum. Some PCB 
design aspects that I intend to cover with the 
course are as follows:

• Of course, the basics: Students need to 
master how to create their own libraries of com-
ponents, schematic symbols and footprints, 
how to design schematic files, how to appropri-
ately place the components within the available 
board area and how to properly interconnect 
them without breaking any design rules. Gen-
erating Gerber files, the 2D binary images of all 
board layers that will be used during the board 
manufacturing process, is also something that 
falls under the basic skills category. The same 
applies for pick-and-place files that contain x,y 
coordinates of each component on the board 
as well as its orientation. Those files are neces-
sary during the process of automated PCB as-
sembling. The students should also know how 
to extract useful information from the compo-
nent’s datasheet, as well as learning about the 
different through-hole and SMD packages of 
the chips, etc. 

• In addition to the basics, some more ad-
vanced and important topics from PCB design 
world certainly deserve special attention. Stu-
dents should learn about primary and second-
ary effects of electrical currents passing through 
the PCB lines, electromagnetic coupling be-
tween the lines, crosstalk, and methods for rout-
ing differential pairs of high-speed signals. The 
notions of blind and buried vias, grounding, 

LAUNCHING A NEW PCB DESIGN CURRICULUM IN SERBIA

“Digital electronics, analog 
electronics, RF electronics, power 
electronics—everything is 
important. ”
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shielding, via stitching, impedance matching, 
panelizing, and fiducials should also be adopted 
by the students by the end of the course. Stu-
dents should be armed with the rules of thumb 
and guidelines that will help them to achieve 
high-density interconnect (HDI) and be able to 
design a board that is both manufacturable and 
electro-magnetically compatible (EMC). Stu-
dents should learn to design a board that will 
be right the first time, easily passing any certi-
fication test. Flex and rigid-flex printed circuit 
boards that ensure flexibility and ergonomics of 
many electrical devices should not be omitted. 
Finally, students should learn how to properly 
document their PCB design project for PCB fab-
rication and assembling. 

Concerning PCB CAD tools, I was thinking 
of using either Altium Designer or Eagle. Both 
have been around for decades and are highly 
adopted by engineering firms worldwide. I my-
self prefer Altium Designer. It is intuitive to 
use and has numerous useful options. Never-
theless, there is no free version, and cost is an 
issue at the university level. But Altium offers 
special licenses for students and universities, re-

newable on a yearly basis. On the other hand, 
CadSoft Eagle, which was recently acquired by 
Autodesk, has an ideal free educational edition 
that supports up to six signal layers and 160 x 
100 mm routing area. That is why I’m inclined 
towards Eagle.

I need you, readers of various profiles, to 
help me in this endeavor. You are invited to 
contact me and share your experience and sug-
gestions with me. Proposals for the curriculum, 
useful books, handy CAD tools—literally any-
thing and everything you might suggest is wel-
come. 

It’s time to galvanize the students’ passion 
for printed circuit board design!   PCBDESIGN

Bojan Jovanovic received his B.S. 
and Ph.D degrees in electrical engi-
neering from the University of Nis, 
Serbia in 2006 and 2013, respective-
ly. For any suggestions about his PCB 
design course, feel free to contact 

him here. Jovanovic is also available for collabora-
tion on any research or industrial projects.

LAUNCHING A NEW PCB DESIGN CURRICULUM IN SERBIA

Scientists at LMU Munich and FSU Jena have de-
veloped organic semiconductor nanosheets, which 
can easily be removed from a growth substrate and 
placed on other substrates.

Today’s computer processors are composed of 
billions of transistors. These electronic components 
normally consist of semiconductor material, insu-
lator, substrate, and electrode. A dream of many 
scientists is to have each of these elements available 
as transferable sheets, which would allow them to 
design new electronic devices simply by stacking.

This has now become a reality for the organic 
semiconductor material 
pentacene: Dr. Bert Nickel, 
a physicist at LMU Munich, 
and Professor Andrey Tur-
chanin (Friedrich Schiller 
University Jena), together 
with their teams, have, for 
the first time, managed to 
create mechanically stable 
pentacene nanosheets.

The researchers describe their method in the jour-
nal Advanced Materials. They first cover a small sili-
con wafer with a thin layer of a water-soluble organic 
film and deposit pentacene molecules upon it until a 
layer roughly 50 nanometers thick has formed. The 
next step is crucial: by irradiation with low-energy 
electrons, the topmost three to four levels of pen-
tacene molecular layers are crosslinked, forming a 
“skin” that is only about five nanometers thick. 

Apart from the ability to transfer them, the new 
semiconductor nanosheets have other advantages. 
In addition, after deposition, the nanosheet sticks 

firmly to the electrical con-
tacts by van der Waals forces, 
resulting in a low contact 
resistance of the final elec-
tronic devices. Last but not 
least, organic semiconduc-
tor nanosheets can now be 
deposited onto significantly 
more technologically relevant 
substrates than hitherto.

Semiconductors as Decal Stickers
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by Tim Haag
PCB DESIGN CONSULTANT 

Propelled by Preparation

FEATURE COLUMN: TIM’S TAKEAWAYS

It’s happened to all of us—hitting the pave-
ment in search of a job. Whether as a teenager 
looking for that first job, as a young man look-
ing for that first career, or as an experienced de-
signer looking for the advancement, I have been 
there as well. 

Granted, our job-hunting methods have 
changed over the years. When I was a teenager, 
I was walking or riding my bike to businesses 
near my home. I remember asking the manag-
er of the local burger joint to give me just two 
minutes to explain why I would be great to have 
around. Years later, I traded that bike for a car 
and spent days driving to different locations to 
drop off resumes and schedule interviews. These 
days, it’s a matter of networking and filling out 
online forms just to get your foot in the door. 
But the anxiety of searching for a job often boils 
down to the same question: “What can I say 
and do to become the person that they are look-
ing for?”

I’m sure that if you could add it all up, the 
amount of time spent by job applicants world-
wide anxiously preparing for interviews would 
be in the billions of hours. Usually the source of 
the anxiety is based in thinking that we need to 
become more than who we already are to suc-
ceed in getting a job. 

Well, I would like to challenge that line of 
thinking. I believe that instead of focusing on 
what we think that we need to change into, 
our time would be better spent highlighting 
the experiences and strengths that we already 
have within us. Perhaps if we did a better job ex-
ploring who we already are, we might just find 
that we are more prepared that we would have 
thought.

Recently my wife and I bought the movie 
“Sully,” and after the movie was over, she went 
to sleep. I spent the next several hours going 
through all the extras that came with the disc. 
I watched several interviews with people re-
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garding the events that happened on January 
15, 2009, when Captain Chesley Sullenberger’s 
plane, US Airways Flight 1549, made an un-
planned water landing on the Hudson River. 

Sully’s wife Lorrie and his first officer Jeff 
Skiles talked about how he spent time making 
sure that he was always prepared for any even-
tuality while flying. Lorrie related a story about 
being a passenger in a small plane that Sully was 
piloting. She was not happy about being in a 
puddle-jumper, but Sully calmed her by telling 
her that during their entire trip, he always had 
in sight different spots that he had picked out for 
a forced landing if something had gone wrong. 

Skiles talked about how Sully would update 
the destination flight computer weather re-
port at the 56-minute point of each hour, even 
though that information wasn’t needed until 
shortly before landing.

No one had ever considered the possibil-
ity of a dual engine failure at only 3,000 feet 
caused by simultaneous bird strikes, followed 
immediately by a forced water landing due to 
a complete loss of power. And there certainly 
weren’t any simulations, training, or procedures 
for such an event. But because of Captain Sul-
lenberger’s habit of rehearsing and thinking 
through different possible emergency scenarios, 
he was prepared to calmly deal with this new 
problem when it occurred. Lorrie said that he 
doesn’t just fly an airplane. He “clothes” him-
self with the plane so that piloting it isn’t just 
what he does; it’s part of who he is.

Do you remember the biblical story of Da-
vid and Goliath? The giant Goliath had been 
daring anyone to come out and face him alone 
in battle, which no one was eager to do. David, 
who was not a soldier, decided to take up that 
challenge himself. The soldiers did their best to 
help him by loaning him their armor, but David 
declined, saying that he wasn’t used to it and it 
would only slow him down. 

David refused to change into something 
that he wasn’t, and told them all that it would 
be better for him to rely on the skills that he had 
been perfecting for years as a shepherd tending 
his father’s sheep. When any predator tried to 
take one of his flock, he would kill it to rescue 
the sheep. As a result, David had become quite 
skilled in using the sling to launch a softball-
sized stone with deadly accuracy, a point which 
Goliath would soon find out the hard way.

Sully saved the lives of everyone aboard his 
airplane because he was prepared. David took 
on the challenge of battling a giant because he, 
too, was prepared. Sully didn’t wait until the 
emergency was upon him to suddenly bone 
up on his emergency procedures; he had been 
preparing for something like this his whole life. 
David refused to try to become something that 
he wasn’t in order to succeed, but instead relied 
on his years of training and experiences to be 
victorious.

I am not saying that we shouldn’t be dili-
gent about learning new skills and adding to 
our education in order to grow in our respective 
fields of employment—of course we should. In-
stead, my point is to encourage you to go into 
the interview process confident in the skills that 
you already possess. The things that are impor-
tant to you now and the skills and abilities that 
you have been perfecting and achieving suc-
cess with are the talking points that are going 
to highlight your abilities during the interview 
process.

So, stop worrying about who you aren’t, and 
focus more on who you are. Are you a designer 
with years of experience in different designs? 
Then don’t spend time trying to apologize for 
areas that you know nothing about, but instead 
confidently paint a glowing picture of what it 
is that you have done and how that experience 
will be a benefit to the new position. Remember 

PROPELLED BY PREPARATION

“No one had ever considered 
the possibility of a dual engine 
failure at only 3,000 feet caused 
by simultaneous bird strikes, 
followed immediately by a forced 
water landing due to a complete 
loss of power. ”
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that in an interview no one else will blow your 
own horn; you have to do that yourself. And 
when you are looking for a job, you want your 
horn to be louder than all the rest that are out 
there.

Recently I watched comedian Steve Martin 
in a promotional video for his upcoming online 
comedy class. In the video, he said, “Remember; 
you are a thought machine. Everything you see, 
hear, and experience is usable. Whatever makes 
you unique as a performer, do it. And know that 
there’s room for you.”  

That’s not bad advice for us non-comedians 
as well, and it ties right into my point. Stand 
firm on those experiences and strengths that 
make you unique as designer, admin, techni-
cian, or even as a manager. And while you’re 
at it, stand firm with gusto and confidence. For 
years, when encouraging someone who is try-
ing to accomplish a difficult task, I’ve used the 
expression, “You’ve got this! We’ve got our best 
person on the job!” 

I say that because I believe it, and I believe in 
them, and I want them to believe in themselves. 
You need to be the person in your life who be-
lieves in yourself the most, especially when sit-
ting across from the interviewer for that next 
big job. 

I started writing this column almost three 
months ago, intending to come back later and 
polish it up. However, in an ironic turn of events, 
in this last month I have suddenly found myself 
in the unexpected position of having to find a 
new job myself. Talk about life mimicking art!

One of the first hiring managers I spoke with 
told me that I needed to learn a new skill set 
to get a job. Immediately, the panic began to 
set in and I became anxious trying to figure out 
how I was going to cram many years’ worth of 
education and experience into just a few short 
weeks. And then it hit me like an Acme frying 
pan raising a Texas-sized lump on the head of 
Wile E. Coyote: I was doing EXACTLY what I 
had recommended in this column not to do. I 
had become so concerned about my perceived 
inabilities that I had completely forgotten the 
wealth of skills and experiences that I already 
have under my belt. 

Boy, did I feel foolish. Since then I have re-
tooled my thinking in my job search to focus 
on my strengths instead of allowing my fears to 
distract me.

And so if you know of anyone who is look-
ing for a support/training/design manager with 
years and years of design experience in the PCB 
design industry, please send me a message. I 
would love to hear from you. 

I was going to end this column by saying the 
following to all job seekers, but now I am saying 
it to myself as well: “You’ve got this!”   PCBDESIGN

Tim Haag is a senior PCB designer 
with many years in the industry, 
supporting and training users, and 
managing various design groups. 
You can reach Tim at tim_haag@
comcast.net.
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A new generation of sensors 
developed by ActLight, a startup 
based in EPFL Innovation Park, 
can measure the wearer’s pulse 
with the same precision while 
consuming only one-fifth of the 

energy. These sensors have been tested by Maher 
Kayal’s laboratory as part of a CTI (Commission for 
Technology and Innovation) project and are now 
ready to be used in smartwatches. 

“The longer battery life certainly makes things 
easier for the user, but it also offers major savings in 
terms of electricity consumption,” said Kayal. Thanks 

to this breakthrough, ActLight was named one of 
the best Swiss cleantech startups in 2015. 

Instead of converting the light into a current and 
then measuring the current’s amplitude, ActLight’s 
dynamic photodiode sensors turn the current into 
time. The sensors use the pulse of light to identify the 
moment at which the current is triggered. The result 
is a small reduction in energy consumption with ev-
ery heartbeat, but repeated more than 50,000 times 
per day it adds up to considerable energy savings. 

ActLight is in talks with major semiconductor 
makers and is about to sell the rights to mass pro-
duce its innovative sensors. 

A New Sensor Increases Smartwatch Battery Life Five Times
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All About Flex: Flex Circuit Stiffeners
Many flexible circuit designs require selectively 
bonded stiffeners…they’re just too flexible! Stiff-
ener materials can be any number of materials, 
but they are usually polyimide films or FR-4 glass/
epoxy substrates and are available in a wide vari-
ety of thicknesses. 

ACFEST: Benchmarking a New
Solderable PCB Finish
New, innovative manufacturing procedures have 
been developed by the recently completed proj-
ect, Manufacturing Advanced Coating for Future 
Electronics SysTems (MACFEST), which has been 
funded by several partners and the government’s 
Innovate UK. 

Printed Circuits LLC Pursues Further
Capacity and Technology Upgrades
to Start 2017
Rigid-flex circuit board manufacturer, Printed Cir-
cuits has started 2017 with a few enhancements 
to their equipment line up, designed to increase 
capacity, improve technical capability and reduce 
process time for their customers. 

Weiner’s World—March 2017
The CPCA show held at the China International 
PCB And Assembly Show was moderately busy 
even though the new venue was not quite ready 
(no escalators, the “water closets” not fully fin-
ished, the heat was only on for a few hours one 
day). It showcased products for PCB Manufactur-
ing, Electronic Assembly Materials and Manufac-
turing Services. 

EIPC Workshop on PCB BioMEMS
The Premier Inn conference centre at Heathrow 
Airport was the venue for the EIPC workshop on 
PCB BioMEMS. What, I hear you ask, is a PCB 
BioMEMS? This is an abbreviation for biomedical 
(or biological) microelectromechanical systems, 
otherwise known as lab-on-chip. 

Flex Talk: Flex Material Handling—
An Inside Peek
As increasingly more designs move to flexible mate-
rials to take advantage of space, weight or packag-
ing benefits, it has been clear that flexible circuits 
require a different set of rules than their rigid coun-
terparts. We spend substantial time working through 
the design to ensure that flex is as robust as possible. 

A Conversation with Gene Weiner
In a discussion following the PCB Executive Fo-
rum at IPC APEX EXPO in February, Gene Weiner 
opened up to Barry Matties and Patty Goldman on 
the state of the North American electronics indus-
try supply chain and the importance of cooperative 
efforts up and down that supply chain. 

American Standard Circuits Discusses 
e-Book on Designing Flex and Rigid-Flex
American Standard Circuits is an industry leader 
when it comes to high-technology printed circuit 
boards, especially flex and rigid-flex printed circuit 
boards. So, it was natural that they would write 
about flex and rigid-flex for I-Connect007’s new 
“Guide to…” e-book series. 

PCB Technology Requirements for
Millimeter-Wave Interconnect
and Antenna
The work done by Optiprint AG in support of Mi-
WaveS substantiates that PCB technology can 
satisfy the engineering requirements for mmW 
circuitry providing the manufacturing capabilities 
can match the positional accuracy, feature toler-
ance and surface finish requirements. 

Elmatica’s New Technology Results in
an Increase for Flex and Rigid-Flex
Printed Circuits
Elmatica has reported an increase in the demand 
for flex and rigid-flex boards in the Nordics. New 
advanced technology requires flexible circuits to 
fulfill challenging form-factor requirements, elimi-
nate connectors and improve performance. 

PCB007
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All PCB designers should be aware of the 
impact of crosstalk on signal integrity. As sig-
nal traces come into close proximity, of an ag-
gressor signal, part of that signal is uninten-
tionally electromagnetically coupled into the 
victim trace as noise. I have mentioned before 
that current flow is a round trip—the current 
must return to the source to complete the loop. 
What about crosstalk in the return path, of the 
reference planes, as the current weaves its way 
back through the expansive wasteland of cop-
per? This month’s column follows on from my 
April column, “Return Path Discontinuities,” 
and elaborates on crosstalk in the unseen “dark 
side” of the signal.

I guess we all think of a copper plane as a 
thick, solid plate of copper that can basically 

handle any amount of current we sink into it. 
It also serves to make the circuit layout easier, 
allowing the PCB designer to ground anything, 
anywhere without having to run multiple tracks. 
That may well be the case with DC or very low-
frequency analog circuits, but certainly not in 
the case of high-speed design. The return cur-
rent takes the path of least inductance in the 
nearest plane(s). Returning signal currents tend 
to stay in close proximity to their signal con-
ductors, falling off in intensity with the square 
of increasing distance.

However, as the frequency increases, the 
current is forced into the outer surface of the 
copper, due to the skin effect, dramatically in-
creasing loss leaving a section of unused copper 
in the center of the plane. This redistribution 

by Barry Olney
IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA 

The Dark Side – Return of the Signal

BEYOND DESIGN

Figure 1: See you on the dark side of the moon (Courtesy of NASA).
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of current causes the resistance per length to 
increase and the loop inductance per length to 
decrease. As frequency increases beyond 1 GHz, 
the resistance continues to increase while the 
loop inductance reaches a limiting value. The 
higher the frequency, the greater the tendency 
for current to flow in the outer surface of the 
conductor. The skin depth is given by:

where δ is the skin depth in microns, f is the fre-
quency in MHz, µ is the magnetic permeability 
(4 p x 10-7H/m) and s is the copper conductiv-
ity, typically (5.6 x 107 S/m).

Looking at this equation, it is apparent that 
skin depth decreases with increased frequency. 
Figure 2 shows the skin depth compared to fre-
quency. At low frequency (1 MHz), the skin 
depth is 66 um but this decreases to 0.66 µm 
at 10 GHz. Above 1 GHz, only the very outer 
surface of the plane conducts the current. The 
red horizontal lines represent the plane copper 
weight and thickness. This shows that at about 
30 MHz, a signal traveling in a ½oz (17.78 µm) 
copper plane would not use the entire plane 
cross-section but rather the skin effect would be-
gin to have an impact. This implies that at high 
frequencies, the thickness of the copper plane is 
irrelevant; ½ oz and 3 oz copper will have the 
same surface conduction area and hence will 
only transfer the same amount of current. 

As seen in Figure 3, the return current dis-
tribution, in the plane surface of a microstrip 
configuration, is reduced as the distance to the 
center of the trace increases. Here we see a bal-
ance of two opposing forces:

• Too narrow a distribution increases 
   inductance as narrow traces have more 
   inductance than broad ones
• Too broad a distribution increases 
   inductance by increasing the loop area

So, there is a sweet spot where the total en-
ergy stored in the electromagnetic (EM) field 
surrounding the trace is optimized. Crosstalk 
between two or more conductors depends on 
their mutual inductance and mutual capaci-
tance. The inductance plays the major role in 
this coupling. The signal return currents will 
generate EM fields. Those EM fields, in turn, in-
duce voltages (crosstalk) into other signals.

It can be seen in Figure 4 that the differen-
tial impedance or the coupling of two parallel 
traces, levels off at 100 ohms above 12 mils trace 
clearance (blue curve). This is simulated quickly 
by multiple passes of the field solver. All other 
factors being equal, the differential impedance 
will always be 100 ohms regardless of increased 
spacing. This also represents the point at which 
crosstalk (coupling) begins. This curve provides 
a clear map of the design space and efficiently 
defines the stackup configuration for single end-
ed and coupled pairs. In this case, once the sepa-
ration is less than 12 mils, the two traces begin 
to couple and transfer electromagnetic energy.

THE DARK SIDE – RETURN OF THE SIGNAL

Figure 2: Skin depth (um) vs. frequency (MHz).

Figure 3: Microstrip return current density.
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The easiest way to reduce crosstalk, from 
a nearby aggressor signal, is of course to in-
crease the spacing between the signals in ques-
tion. Doubling the spacing cuts the crosstalk 
to roughly a quarter of its original level. How-
ever, crosstalk is determined by the ratio of the 
trace separation and also the height of the trace 
above the plane. By varying the trace height, 
one can also control the coupling–hence cross-
talk. If real estate is limited, then this may be 
a better solution rather than increasing routing 
density. A tight coupling (less height) results in 
less crosstalk.

The return current distribution of two par-
allel traces (Figure 5) shows an overlap of cur-
rent in the surface of a microstrip plane. In fact, 
the overlap will be larger at lower frequencies 
where the return currents tend to spread out 
and not follow a tight path under the trace. 
Also, as the voltage increases so does the cou-
pled noise. This is a good reason not to inter-
mingle dissimilar technologies but rather keep 
them isolated.

If we look into it further, the degree of 
crosstalk is also dependent on several oth-
er factors including driver strength (which  
can normally be adjusted in the firmware), 
transmission line length, how far the seg-
ments run closely in parallel and signal rise 
time. In the case of long transmission line 
lengths, a series terminator slows the signal 
rise/fall time and reduces reverse-coupled 

crosstalk at the near end improving crosstalk 
considerably.

With all of these issues, to take into ac-
count, how do we ever get high-speed transmis-
sion lines, particularly those with wide parallel 
buses, to work efficiently? Fortunately, synchro-
nous buses, as typically used in DDRx designs, 
benefit from an extraordinary immunity to 
crosstalk. Crosstalk only occurs when the sig-
nals are being switched and this crosstalk only 
has an affect within a small window around the 
moment of clocking. So, providing the receiver 
waits sufficiently long enough for the crosstalk 
to settle before sampling the bus, the crosstalk 
has no impact on the signal quality at the re-
ceiver. It’s all about timing—ensuring that the 
required setup and hold times are provided at 
the receiver.

Remember: “Beware the dark side. Anger, 
fear, aggression; the dark side of the Force are they. 
Easily they flow, quick to join in a fight. If once  
you start down the dark path, forever will it domi-
nate your destiny, consume you it will.” —Yoda

Points to Remember
• Current must return to the source to 
   complete the loop.
• Returning signal currents tend to stay in 
   close proximity to their signal conductors, 
   falling off in intensity with the square 
   of increasing distance.

THE DARK SIDE – RETURN OF THE SIGNAL

Figure 4: Coupling levels off above 12 mils sepa-
ration (simulated by the iCD Stackup Planner).

Figure 5: Parallel traces and return path 
crosstalk.
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THE DARK SIDE – RETURN OF THE SIGNAL

• As the frequency increases, the current is
forced into the outer surface of the copper,
due to the skin effect.

• Skin depth decreases with increased
frequency.

• At high frequencies, the thickness of the
copper plane is irrelevant—½ oz. and
3 oz. copper will have the same surface
conduction area.

• There is a sweet spot where the total
energy stored in the electromagnetic field
surrounding the trace is optimized.

• The signal return currents generate EM
fields. Those EM fields, in turn, induce
voltages (crosstalk) into other signals.

• The easiest way to reduce crosstalk is to
increase the spacing between the signals
in question.

• Crosstalk can also be controlled by
varying the trace height, above the plane.
A tight coupling (less height) results in
less crosstalk.

• The return current distribution of two
parallel traces shows an overlap of current
in the surface of a microstrip plane.

• To minimize crosstalk do not to
intermingle dissimilar technologies but
rather keep them isolated.

• Synchronous buses, as typically used in
DDRx designs, benefit from an
extraordinary immunity to crosstalk.

• Ensure that the required setup and hold
times are provided at the receiver.
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Researchers of Karlsruhe Institute of Technology 
(KIT) have now developed a method to erase the 
ink used for 3D printing. In this way, small struc-
tures of up to 100 nm in size can be erased and 
rewritten repeatedly. This development opens up 
many new applications of 3D fabrication in biol-
ogy or materials sciences.

“Developing an ink that can be erased again 
was one of the big challenges in di-
rect laser writing,” Professor Chris-
topher Barner-Kowollik of KIT’s 
Institute for Chemical Technology 
and Polymer Chemistry says. 

The process was developed in 
close cooperation with the group 
of Professor Martin Wegener at the 
Institute of Applied Physics and the 

Institute of Nanotechnology of KIT. 
Structures written with erasable ink can be in-

tegrated into structures made of non-erasable ink: 
Support constructions can be produced by 3D 
printing, which are similar to those used when 
building bridges and removed later on. Recently, 
such structures were designed by KIT to grow cell 
cultures in three dimensions on the laboratory 

scale. 
“During cell growth, parts of the 

3D microscaffold could be removed 
again to study how the cells react 
to the changed environment,” We-
gener explains. According to the sci-
entists, it is also feasible to produce 
reversible wire bonds from erasable 
conducting structures in the future.

Erasable Ink for 3D Printing
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by Alistair Little
ELECTROLUBE 

To Encapsulate or Coat: 
That is the Question

SENSIBLE DESIGN

If I had a pound for every 
time our customers have 
approached me about 
this one, I’d be a rich 
man: When is it 
appropriate to 
use a confor-
mal coating 
rather than 
an encapsula-
tion resin and 
vice versa? 

Well, the 
short answer is 
“it depends.” But as a 
general rule of thumb, 
your choice will be guided 
by how an electronic circuit is 
to be housed within an assembly and 
the nature of the environment in which it 
must operate.

Examine the design of the housing 
within which the PCB will be enclosed. 
If this is intended to provide primary 
environmental protection, then a con-
formal coating is probably the best 
choice as it will be the second line of 
defence should the housing seals fail in 
any way. However, where a separate hous-
ing is not an option or where it is unable to 
provide that primary environmental protect 
ion, then a re in is likely to be the better 
choice But before I pursue the “when” 
and “why,” it might be helpful to de-
fine the key differences between an 
encapsulation resin and a conformal 
coating, and what they share in com-
mon with one another.

Both are generally organic poly-
mers—acrylic, epoxy, polyurethane and 
silicone being the most widely used—

which cure to form an elec-
trically insulating layer 

that offers varying  
degrees of chemi-

cal resistance 
and thermal 
protection, de-
pending upon 
their for-
mulations. 

C o n -
f o r m a l 
coatings 
are ap-

plied in 
their liquid 

state as thin 
films, which 

cure to provide a 
dry film thickness 

of between 25 and 100  
microns, adding minimal 

weight increase to the assem-
bly. These coatings are usually clear 
and allow rework, so coated com-
ponents are visible and easy to re-
place. The level of chemical resis-
tance and thermal protection that  

conformal coatings provide is gener-
ally good for short exposures.

The majority of these coatings are sin-
gle-part systems that are easy to apply and 

quick to cure with little temperature 
rise. On the down side, single-part 
coatings are solvent-based in order 
to modify their viscosity for appli-
cation purposes, which can have 
environmental repercussions.

Conformal coatings can be ap-
plied manually using a paint brush, a 

spray gun or simply by dipping the cir-
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TO ENCAPSULATE OR COAT: THAT IS THE QUESTION

cuit board into a bath containing the coating 
material. Where large numbers of circuits have 
to be treated in a fast-moving production line, 
coatings are more likely to be applied by closely 
controlled robotic selective coating systems for 
maximum consistency.

Potting compounds and encapsulation res-
ins can be applied in thicknesses from 0.5 mm, 
but are generally applied much thicker than this, 
which can lead to a significant weight gain for 
the assembly. Weight gain aside, this increased 
thickness does mean that the PCB is far better 
protected against chemical attack, particularly 
in cases of prolonged immersion. A resin can 
also provide superior protection against physi-
cal shock (depending upon the formulation), 
since its bulk will help to dissipate the forces 
across the PCB, rather than allowing them to 
be concentrated. And for those of you who are 
keen to protect your intellectual property and 
design advantages, a layer of dark coloured res-
in can obscure the circuit layout and compo-
nents from prying eyes. One thing to remember 
though is that attempting to remove the resin 
will damage the PCB, severely limiting opportu-
nities for component replacements.

Potting compounds and encapsulation res-
ins are generally two-part systems, in which a 
resin is mixed with a hardener in a precise ratio 
to form a cross-linked polymer when cured. It’s 
also possible to add mineral substances (fillers) 
to resins to improve their performance under 
certain operating conditions. Like conformal 
coatings, most resins will cure at room tempera-
ture, and while this can be a relatively slow pro-

cess in the case of potting resins, cure time can 
be reduced by applying heat.

An important thing to be aware of when 
mixing a resin with its hardener is the inevitable 
rise in temperature of the mix as the majority of 
curing reactions are exothermic in nature. The 
rise in temperature can be controlled by care-
ful judgement of the amount of material that 
needs to be cast in a single process, as too much 
resin applied at once may result in components 
becoming overheated and possibly irreversibly 
damaged.

Before we get to the criteria for making a 
choice between potting and coating, it might 
interest readers to learn that, in certain applica-
tions, where a two-part resin formulation may 
have been the first choice for circuit protection, 
a two-part conformal coating may turn out to 
be the better approach, thanks to its superior 
mechanical properties, compared with one-part 
coatings.

For example, Electrolube has recently 
launched the 2K range of solvent-free coating 
materials, based on two-part chemistry that is 
similar to resins, but designed to be applied by 
selective coating equipment in the 200—400 mi-
cron range, combining many of the advantages 
of both technologies and minimising many of 
the drawbacks of each. Moreover, switching 
from a resin to a conformal coating will elimi-
nate the weight penalties of the former, which 
may be critical to some applications.

So, how do we choose which approach is 
best for a particular application? Clearly, there 
will be applications where the choice of tech-
nology is obvious, for example, where harsh 
environment duty demands the highest level 
of protection. In this case, users can be con-
fident that potting and encapsulation will 
provide the necessary long term protection, 
so long as the correct resin has been selected, 
tested, and approved for the prevailing envi-
ronmental conditions.

As I mentioned, if a PCB housing provides 
adequate primary protection against adverse en-
vironmental conditions, then a conformal coat-
ing will protect that PCB should the primary 
protection fail in any way, as well as protecting 
against high humidity and condensation with-
in the housing itself. And where ease and speed 

“One thing to remember 
though is that attempting to 
remove the resin will damage 
the PCB, severely limiting 
opportunities for component 
replacements. ”
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of processing are important, conformal coat-
ings will always be the preferred choice, particu-
larly as the thin cured film of a modern, well 
formulated coating can provide a high level of 
protection in any case. At this point, I can’t re-
sist coming back to the new two-part confor-
mal coatings that I mentioned earlier, as they 
have rather muddied the waters as far as mak-
ing that choice between potting and coating is 
concerned. Two-part conformal coatings can be 
applied relatively thickly without risk of crack-
ing, giving a sharp edge coverage that performs 
somewhere between where a conventional con-
formal coating fails and potting is required. A 
two-part conformal coating’s environmental 
protection capability is also rather impressive.

For example, in environmental chamber tri-
als simulating highly condensing conditions, 
while a urethane resin potted assembly gave the 
highest overall values in terms of circuit pro-
tection—and showed the least change during 
condensing events—the very large difference in 
thickness between it and a two-part conformal 
coating didn’t show a large increase in perfor-
mance. Indeed, the two-part coating achieved 
much the same results as the potting compound 
at one tenth the thickness.

Despite these advances in conformal coating 
chemistries, potting and encapsulation resins 
will always offer the highest level of protection 
for PCBs, whether used to protect against me-
chanical shock and vibration, thermal cycling, 
chemical attack or the presence of high voltages 
where maximum dielectric strength is needed 
to avoid damaging discharges and leakage cur-
rents. The trade-offs are added weight, loss of 
rework capability, longer processing times and 
high cure temperatures.

If you do experience problems choosing 
between these methods of circuit protection, 
remember, there are experts out there to help. 
And it is always worthwhile taking the trouble 
to test alternative methods of protection, pref-
erably at the prototype stage before you make 
your final choice; the experts are ready to help 
you with this task as well.   PCBDESIGN

Alistair Little is technical director 
of Electrolube’s Resins Division.

TO ENCAPSULATE OR COAT: THAT IS THE QUESTION

Researchers of Karlsruhe Institute of Technology 
(KIT) and their European partners plan to develop 
an innovative sulfur-based storage system for so-
lar power. The pre-development work under the 
PEGASUS project will be funded by the EU with 
about EUR 4.7 million.

The long-term goal of PEGASUS is the devel-
opment and demonstration of an innovative solar 
power tower facility. A solar absorber is combined 
with a thermochemical solar power storage sys-

tem based on elementary sulfur and sulfuric acid. 
The partial project executed by KIT focuses on 

the technical implementation of combustion. It is 
planned to develop a lab-scale sulfur burner for 
stable combustion in the range from 10 to 50 kilo-
watts at high power densities under atmospheric 
conditions and temperatures higher than 1400°C. 

Elementary sulfur is produced by the dispro-
portionation of sulfur dioxide, i.e., conversion of 
sulfur dioxide into sulfur and sulfuric acid. The fo-
cused sunlight of the solar power plant supplies 
the process heat with the energy and temperature 
required to close the sulfur cycle and to convert 
sulfuric acid back into sulfur dioxide in the pres-
ence of suited catalysts. 

Use of the stored energy in a burner makes 
these power plants capable of providing base-load 
power. In the long term, system costs will be lower 
than estimated for photovoltaic systems.

Using Sulfur to Store Solar Energy
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Capitol Connection: Drumroll, Please…
Announcing the IPC Government
IMPACT Awardees
Government relations are essential to our indus-
try as many of the policy debates taking place will 
have long-lasting impact on our industry. Tax and 
regulations reform, immigration, and environ-
mental regulations are up for debate and it is time 
for our industry to take a seat at the table. 

U.S. Army Picks BAE Systems to Design
Next-Generation Space and Missile
Defense Technologies
BAE Systems has been chosen for a position on 
a new eight-year, $3 billion indefinite delivery, 
indefinite quantity (IDIQ) contract to continue 
supporting the U.S. Army’s Space and Missile De-
fense Command/Army Forces Strategic Command 
(SMDC/ARSTRAT). 

HT Global Circuits Acquires Pho-Tronics
HT Global Circuits, a manufacturer of printed cir-
cuit boards, has acquired fellow PCB manufacturer 
Pho-Tronics for an undisclosed sum. Pho-Tronics 
will continue to be operated by the existing man-
agement team. 

UW Security Researchers Show That
Google’s AI Tool for Video Searching
Can Be Easily Deceived
University of Washington researchers have shown 
that Google’s new tool that uses machine learning 
to automatically analyze and label video content 
can be deceived by inserting a photograph peri-
odically and at a very low rate into videos. 

One World, One Industry: IPC’s Global
Policy Framework for 2017—
Smart Advocacy for the Industry
As President Trump was being sworn in and as 
the new Congress was getting down to work, 
IPC released its Global Policy Framework for 
2017. As we work to represent more than 3,800 
member facilities across the electronics indus-
try’s global supply chain, IPC will adhere to this 
framework to guide our policy work in the com-
ing months. 

One World, One Industry: 100 Days In—
President Trump and a Better
Manufacturing Policy
To truly increase the number of American manu-
facturing jobs, President Trump should support in-
creased investment in research and development 
for advanced manufacturing, promote and fund 
STEM education in primary and secondary schools, 
and build stronger apprenticeship programs. It 
is this type of investment—in human capital and 
technology—that will truly help make American 
manufacturing great again. 

Rep. Lofgren Discusses U.S. Policy Priorities
with IPC Member TTM Technologies
Executives and staff at an IPC-member facility held 
a town hall discussion with Congresswoman Zoe 
Lofgren (D-CA) on the federal policy issues fac-
ing the advanced manufacturing industry. Rep. 
Lofgren took a tour of TTM Technologies, Inc. in 
San Jose, getting a first-hand look at the high-tech 
work being done in TTM’s facility. 

Capitol Connection: IMPACT Update—
To CEOs on Why You Should Attend
IMPACT Washington, D.C. 2017
Here at IPC, we place a high priority on making our 
presence known in the halls of government, because 
so many policy debates have a direct effect on the 
electronics manufacturing industry. IMPACT Washing-
ton, D.C. 2017 is a chance to join with fellow industry 
executives in advocating for better public policies for 
a stronger, more advanced manufacturing economy.
 
Eagle Electronics Accelerates Production
with Two Lenz Drilling Machines
Brett McCoy, COO for Eagle Electronics of Scha-
umburg, Illinois announced that his company has 
recently placed a purchase order for two Lenz DLG 
615-2 Y765 drills. 

Electrotek Receives Nadcap Accreditation
for Electronics, Printed Boards
To demonstrate their continued commitment to 
quality, Electrotek Corporation announces that 
they have been successful in achieving Nadcap ac-
creditation for electronics, printed circuit boards. 
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by Ted Pawela
ALTIUM

 
From the early days of printed circuit boards, 

the electronics industry has made huge strides 
in board materials, copper printing methods, 
miniaturization, rigid-flex, ELIC, EDA, and 
much more. Many of the devices we use in our 
homes, our vehicles, and in our workplaces 
would not be possible without this continuous 
evolution of PCB design and technology. And 
yet in 2017, we are poised to shift from evo-
lution to revolution, driven by the idea of the 
Internet of Things.

By now we’ve all heard of IoT and have been 
presented with a multitude of definitions for it. 
We’ve also been presented with a set of benefits 
that sound nice, if not compelling: refrigerators 
that can tell us when to restock groceries, cars 
that can avoid traffic, home thermostats and 
lighting that can be adjusted from our offices, 
and so much more. But these examples trivial-
ize what the IoT will become and the impact 
it will have on us. When realized, the IoT will 
transform our world from a collection of in-
dependent “things” into an organized system 
with logic, reasoning, senses, circulation, and 

motor skills. In other words, all of the devices 
and systems in our world will become an organ-
ism.

This might sound scary, and will no doubt 
evoke visions of dystopian societies where ma-
chines rule humans, but that’s only because 
movie scripts need a mechanism called an “in-
citing event” upon which to build an exciting 
story. In real life, this story doesn’t need to be 
scary; in fact, it holds the promise of a world of 
possibilities to make life safer, healthier, more 
convenient, and just plain better. 

Imagine vehicles that can sense a prob-
lem before it occurs, and arrange for parts to 
be put into dealer inventory and service to be 
performed for you, all without you ever mak-
ing a single phone call, and certainly without 
the roadside breakdown. Picture a farm with 
the intelligence to sense an increasing pest in-
sect population and release pheromones that 
disrupt mating cycles—reducing the need for 
chemical pesticides and ultimately making our 
food supply safer, healthier, and more abun-
dant. 

Imagine biological sensors that detect the 
leading indicators of health maladies within 
your body and alert you and your doctor so that 

ARTICLE
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preventative treatment can stop disease before 
it starts. For each of these examples, connect-
ing into the Internet’s vast collection of data 
and information will be critical. As the body 
of knowledge in each domain—healthcare, for 
example—grows and advances, it is crucial that 
the IoT not be hard-coded to embed the cur-
rent state of our knowledge. Rather it should be 
constantly evaluating new information from re-
search around the globe, and adapting through 
continuous improvement and learning. With 
all of this in mind, even calling it the Internet 
of Things is too limiting: It’s really the Internet 
of Everything. 

The IoT (or the IoE) isn’t likely to happen 
based solely on the efforts of companies, gov-
ernments, and organizations. The ideas that 
come from organizations are shaped and filtered 
by their own goals and objectives. As a society, 
however, the scope of creativity from individu-
als is unbounded. While the infrastructure for 
IoT can, and probably must, be designed and 
built by organizations, the applications for IoT 
will need to be realized through a network effect 
that enables creative individuals of all shapes 
and sizes to contribute.

Typically, a network effect is described as 
a phenomenon in which something becomes 
more valuable based on the number of people 
who use it. This is undoubtedly going to be 
true of the IoT, and yet even more important 
than the number IoT users will be the number 
of people who can imagine, design, and deliver 
hardware and software applications that make 
the IoT valuable to all of us. 

An example of a similar network effect 
would be for Apple’s iPhone. The number of iOS 

devices is actually significantly smaller than the 
number of Android devices and users, and yet 
iOS generates far more revenue. The reason is 
that the developer community plays a key role 
in the mobile device network effect. Apple cus-
tomers choose iPhone in large part due to the 
number of apps available to them, and there are 
far more apps available for the iPhone than for 
Android devices. So who develops iPhone apps? 
A 2012 study by GigaOM Pro [1] suggested that 
only about 40% of iPhone app developers work 
full-time in app development, and nearly the 
same percentage of app developers do so part-
time while holding another job. 

The IoT’s network of PCB designers will likely 
need to look much like this, comprised not only 
of PCB design professionals, but makers, stu-
dents, and others individuals who have imagina-
tion and the will to create, yet lack the resources 
of their professional counterparts. While they 
may lack resources today, a series of changes are 
sweeping through the design and manufacturing 
worlds that will empower individuals to design 
and build the apps that will make the IoT valu-
able for everyone. What sorts of changes? 

In design, the open source movement and 
“freemium” business models have made a new 
generation of software tools accessible to indi-
viduals who traditionally could not afford the 
up-front investment to purchase them, or the 
learning curve to use them. For example, sche-
matic design, layout, signal integrity, and more 
are all available to would-be PCB designers at 
low to no-cost, with an array of professional 
features. In manufacturing, digitization has led 
to simplicity in getting designs realized through 
very economical outsourced production ser-
vices, for example, 3D printing. The democra-
tization of design and manufacturing technol-
ogy has resulted in the ability for individuals, 
not just companies, to design and manufacture 
products in batches from small to large afford-
ably and with professional quality.

For a PCB design tool company like Altium, 
all of the change associated with the Internet 
of Things causes us to think carefully about 
what our products need to look like now and in 
the future. While once we might have focused 
100% of our energy and resources on the full-
time PCB specialist, in the last 18 months, we 

PCB DESIGN IN THE AGE OF IOT

“With all of this in mind, 
even calling it the Internet of 
Things is too limiting: It’s really 
the Internet of Everything. ”
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have seen the introduction of new products de-
signed specifically for makers and part-time de-
signers. These tools, based on the different types 
of people who use them as well as their unique 
ways of working, cannot be cookie-cutter, “one 
size fits all” software applications. They need to 
recognize and enhance the uniqueness of each 
user type, placing differing levels of priority 
and emphasis on simplicity vs. feature richness, 
guided workflow vs. flexibility, and other trade-
off scenarios. And most of all, these tools need 
to be accessible to everyone who has the imagi-
nation and desire to create products and appli-
cations that will help make the IoT real and an 
enabler of societal improvements. Accessibility is 
relative, of course, so I’m not suggesting that ev-
erything needs to be free. Rather I would suggest 
that in the “Age of IoT” we need PCB design tools 
that fit the end user in terms of design paradigm, 
capability set, price, and hardware requirements. 

The makers market, for example, leans heav-
ily on the open source philosophy for both hard-
ware and software. The open source philosophy 
suggests a social component of shared designs 
to support reuse, broad adoption, and techni-
cal advancement based on the contributions of 
many people. The Arduino microcontroller is 
a great example; while a core team developed 
Arduino initially, the design was shared openly 
enabling a broader community to make the de-
sign lighter, more powerful, and less expensive. 
PCB design software for makers needs to be in-
expensive (or free), and powerful, yet perhaps 
most important is that it needs to recognize the 
open-source philosophy by obviating the effort 
associated with sharing designs, and making it 
a part of the PCB design process.

Professional design engineers can afford to 
pay for tools, yet protecting IP, working in ways 
that are most productive for them as individu-
als, and having a rich feature set are most im-
portant in their working environment. They are 
able to pay for the capabilities that they need, 
but require extreme productivity in return. In-
dividual PCB professionals ultimately need the 
best set of features for their design types at a fair 
price—in other words, a value-based approach.

And teams working on complex designs 
have yet another set of needs. Whereas they 
have typically looked to enterprise PCB design 

tools, in the Age of IoT they need less restric-
tive design processes while still working in ways 
that ensure consistency in design. Team-based 
design scenarios involve working concurrently 
on individual parts of a logically and physically 
interconnected system; this requires role-based 
permissions, strict version control, and design 
conflict resolution to ensure that when individ-
ual parts come together, they work as a system. 
The heavy, restrictive enterprise tools of the past 
are simply too cumbersome to allow engineers 
and designers to work at the speeds required in 
the present and future.

In summary, IoT represents an incredible op-
portunity for positive transformation in health-
care, transportation, manufacturing, agricul-
ture, energy, and virtually every other element 
of society. The realization of its vast potential 
can only come through a network effect, that 
will be highly dependent on our industry’s abil-
ity to enable not just professionals, but makers, 
students, and other would-be creators to design 
and develop innovative devices that will add 
value to the IoT infrastructure. 

IoT’s story won’t be a dystopian sci-fi thrill-
er, but rather a feel-good underdog story in 
which unlikely heroes save the day with their 
imagination, creativity, and will to make things 
better. PCB design software will need to evolve 
to meet their needs if we are to be a part of the 
story, in ways that support the needs of unique 
user groups. Altium intends to be a big part of 
the IoT story by doing what we’ve always done: 
making advanced technology accessible to any-
one, and everyone who needs it.   PCBDESIGN

Note: If you’re interested in learning more 
about how we will do that, please consider attend-
ing one of our upcoming roadshows for PCB 2020: 
Altium’s Roadmap to the Future.

References
1. The GigaOM Pro 2012 study. 

Ted Pawela is chief marketing 
officer of Altium.
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by Guenther Schindler 
SCHINDLER & SCHILL GMBH

Across different industries, manufacturers 
are achieving competitive advantages through 
the intelligence of machines. As a result, the 
role of electronics is becoming increasingly im-
portant. Manufacturers no longer have all the 
time in the world, even in industries that up to 
now had been exempt from the extremely short 
product cycles of consumer electronics. One im-
portant step towards shortening time-to-market 
is to make the development process more effi-
cient by improving communication. The Easy-
Logix software tool, PCB-Investigator, provides 
a single platform which brings together every 
aspect of a PCB throughout the production pro-
cess and life cycle.

During the production process, every step 
from circuit diagram through to electronic 
product involves processing, exporting and im-
porting data by various experts using different 
systems. These transfers, imports and exports 
are exposed to possible errors. PDF and paper-
based review sessions are often the only tools 
available for correcting errors. With a software-
based review solution like PCB-Investigator, 

however, every participant in the process now 
has access to a CAD system, which is able to 
merge PCB data from various sources in order 
to analyse and visualize that data interactively. 
As a result, review processes are more reliable, 
more efficient and paperless.

“Assembly is not possible in this way. Please 
check the data.” Developers are regularly faced 
with this major problem, which is symptomat-
ic of an industrywide weakness in the process. 
Development, layout, circuit board production 
and assembly, quality assurance, purchasing, 
sales—everyone within these departments will 
be working on the same product. Yet they all 
use different systems that focus on various as-
pects in non-uniform data formats. Monitoring 
is crucial, given that errors may occur at any 
stage of the workflow and every time data is ex-
ported to different CAD software or a different 
machine. 

The biggest challenge is that due to the lack 
of a uniform tool chain, reviews usually end up 
being conducted using PDFs. This means gen-
erating a unique copy for every aspect. What’s 
more, the finer details are difficult to recognize, 
the zoom function is awkward and displaying 
multiple diagrams side by side is impossible. 

ARTICLE
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As a result, paper-based review processes are 
enormously time consuming and costly and are 
prone to errors.

A Paperless, Interactive Approach
PCB-Investigator is based on a paperless  

and interactive platform. It is a user-friendly, 
flexible CAD/CAM software tool that offers in-
tegrated, interactive visualization of every area 
of development and production. Whilst depart-
ments involved in the process continue to work 
with their respective specialized systems, com-
munication across departmental and process-
related boundaries is enabled by PCB-Investiga-
tor, and as such offers a real advantage. 

The software is based on ODB++, a recog-
nized, common data format designed to trans-
mit PCB design information between engineers 
and producers as well as between design tools by 
different CAD and CAM providers. In ODB++, 
all PCB production data is stored in a single re-
cord. PCB-Investigator uses this format as a cen-
tral database and consolidates all the data for 
the development process and each step in the 
production sequence.

PCB-Investigator is unique as that data vi-
sualization is not limited to conductor tracks 
and surfaces. It also stores all available infor-

mation about components, networks and the 
stack-up of the layout and makes it accessible to 
the user. Layers and data objects such as com-
ponents, pins, networks and copper elements 
can all be accessed easily for evaluation or 
modification. Furthermore, the tool is compat-
ible to work with a broad range of file formats: 
IPC2581, GenCAD, IPC365, Gerber, Excellon, 
Sieb&Meyer, DPF, DXF, raster (BMP, JPG, PNG, 
TIFF).  

Whilst the visualization possibilities of 
ECAD systems are limited, PCB-Investigator 
displays drill data, exposure data and assem-
bly data at the push of a button in any desired 
combination of information levels. The soft-
ware can directly display anything that can 
be extrapolated from the combined PCB data, 
whether relating to design rule checking, PCB 
production, assembly, soldering masks, insula-
tion distances, clearances or leakage currents. If 
you wish to investigate an individual network 
path, for example, simply select it within the 
application and zoom in.

Facilitating Fast, Simple, Version Control
Identifying the differences between two 

printouts of a PCB layout is not an easy task 
however has been a necessary process for error 
identification. PCB-Investigator makes version 
control easy. The more complex the electronics 
and the greater the number of teams working on 
it, the more important it is that every version is 
not only documented, but also compared and 
approved by everyone involved. This involves 
both a graphical comparison and a comparison 
of assembly data and network connections.

SHORTENING TIME-TO-MARKET WITH A SOFTWARE-SUPPORTED REVIEW PROCESS

Figure 1: The EasyLogix PCB-Investigator can 
switch from 2D to 3D views at any time. The 
housing (blue) is managed in the same way as a 
component in the ODB++ data collection. The 
yellow blocks are placeholders showing worst-
case scenario space requirements for components 
for which a choice of different suppliers is still 
pending. 

Figure 2: An example of revision comparison and 
revision history archive.
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Any electronic product is created by skilfully 
connecting networks that reproduce the electri-
cal characteristics of a device. PCB-Investigator 
automatically prepares all of the network infor-
mation so the user sees an overview of the de-
sign of the PCB as quickly as possible. A printed 
circuit diagram is no longer absolutely neces-
sary to obtain a comprehensive overview. 

One important factor in the initial and sub-
sequent development of PCBs is network list 
comparison. Design changes and version sup-
plements can be incorporated into change lists. 
The electronic support provided by the PCB-In-
vestigator makes it easy for anyone to compare 
layers or boards, even for highly complex prod-
ucts. The results are presented in a form that 
makes every modification easy to follow and 
provides all of the information needed for effec-
tive decision making.

Comprehensive Component Lists
During the development process, changes 

are made to the components as a result of opti-
mization. These design changes can be identi-
fied and interpreted instantly by comparing the 
components on two available PCBs. PCB-Inves-
tigator standardizes the lists of components and 
helps the purchasing department to establish an 
automatic connection between the BOM (bill of 
materials) and the ERP system. The current price 
of each component with a part number is deter-
mined via the interface, added and displayed in 
reports. The sales department is responsible for 
the qualification process for alternative materi-
als or parts. Constant price negotiations and pe-
riodic evaluations of delivery capability are part 
of the material selection process and ultimately 
pave the way for an affordable, reliable product 
guaranteed to be available over the long term. 

So far it has been necessary to rely on a va-
riety of unconnected BOMs. Every PCB-Inves-
tigator user relies on the same, basic, project-
specific parts list, so that data specific to each 
department stays up to date and always remains 
consistent. A user-specific view enables employ-
ees in development, purchasing, production, 
logistics, sales and other departments to access 
a database that always represents the most cur-
rent product development status. At the same 
time, users can at any time see what changes 

were made to components and when, whether 
due to design changes or the selection of better 
or cheaper parts or parts that will be available 
for longer.

The Process
How does PCB-Investigator change the re-

view process? First, a decision has to be made to 
store each change to a product centrally in a val-
id ODB++ record. Previously a series of reviews 
involving paper-based formats were needed. 
Now each participant can load the ODB++ re-
cord into their PCB-Investigator for evaluation. 
This process is aided by four versions of soft-
ware that reduce the complexity via domain-
specific pre-selections: the Basic Edition focuses 
on graphical representation, the Developer Edi-
tion concentrates on electrical properties, the 
Fabrication Edition prioritizes questions of PCB 
fabrication and assembly, and the Ultimate Edi-
tion is designed for users who need an overview 
of every aspect. 

The ability to compare PCBs with one an-
other and with previous versions in all respects 
at the push of a button results in savings on 
development costs and makes it easier to reuse 
or eliminate parts. The ability to delve interac-
tively into every information layer of an ODB++ 
record as and when required saves time and re-
duces the number of prototypes. For example, 
EMV experts or assembly specialists can high-
light an issue at an early stage if they recognize 
certain layout decisions as problematic.

SHORTENING TIME-TO-MARKET WITH A SOFTWARE-SUPPORTED REVIEW PROCESS

Figure 3: Detailed, highlighted view of power 
supply and power lead. Individual aspects of the 
PCB can be filtered and depicted individually.
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Data and Processing Sovereignty
Simulating changes and outputting the re-

sults in a report form are made possible by 
the PCB-Investigator. The development status 
stored centrally in ODB++ does not change in 
the process. New versions are only generated in 
the CAD systems of the corresponding depart-
ments. Communication regarding the versions 
and their reviews can be organized via Share-
point, for example. Everyone involved in the 
project in any way has the intuitively designed 
CAD system installed on their computer, and 
the number of users who can open the PCB data 
simultaneously is limited only by the purchased 
number of floating licences. For communica-
tion with external offices (such as customers or 
the EMS provider) a license-free viewer can be 
created that automatically connects to the data. 

Optimization Potential
PCB-Investigator not only helps obtain the 

best possible evaluations from ODB++ records, 
it also offers numerous functions for analysing 
and improving layouts. Automatic calculation 
of lengths and distances helps designers avoid 
disadvantageous component arrangements and 
potential manufacturing problems. 

Another strength of the CAD program is its 
ability to include and depict components. It 
connects the 2D world of ECAD with the 3D 
world of MCAD. Components are three-dimen-
sional objects, not just electronic functions and 
electrical properties stored for a specific region 
of a two-dimensional circuit diagram. PCB-In-
vestigator bridges the gap between the place-
ment of the circuit diagram and the construc-
tion of a housing for the electronics. Given the 
constant developments towards even further 
miniaturization, significant advantages may re-
sult if a dialogue takes place at a very early stage 
between the development, production and de-
ployment stations of a PCB.

Temperature Simulation
The PCBi-Physics extension illustrates how 

thoroughly PCB-Investigator can optimize the 
development process. Developers can identify 
problematic heat developments in future prod-
ucts at a very early stage in development and 
can pro-actively avoid them. The PCBi-Physics 
interface is powered by ADAM Research’s TRM 
(Thermal Risk Management), a specialized soft-
ware that has proven its worth over the years and 
gained industry-wide recognition. TRM and, by 

SHORTENING TIME-TO-MARKET WITH A SOFTWARE-SUPPORTED REVIEW PROCESS

Figure 4: Clarity is ensured through color highlighting.
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extension, the tool from EasyLogix are capable 
of incorporating multilayer boards, SMD heat 
sources, embedded components, pins, inlays, 
power rails, vias, blind vias and buried vias. 

Embedded in the CAD/CAM software, ther-
mal simulation can be undertaken by the devel-
oper at the push of a button without the need 
to involve an expert. This reduces the number 
of necessary prototypes and measurements. It 
also enables developers to avoid hotspots and 
the opposite problem, oversizing, thereby re-
ducing development times and costs.

Conclusion
Visualization and analysis of every aspect 

of a PCB interdepartmentally at the push of a 

button makes error-recognition and avoidance 
possible, improves product quality and acceler-
ates time-to-market. Product development and 
purchasing, production and quality assurance, 
EMV lab, prototype building, sales—the higher 
the product complexity, the more isolated is the 
work in these departments. It is high time that 
everyone started working with the same infor-
mation.    PCBDESIGN

Günther Schindler is CEO of 
Schindler & Schill GmbH. For more 
information, visit www.easylogix.de. 

Researchers at Caltech have developed a new 
type of optical brain probe based on nanotechnol-
ogy and the same optical communication technol-
ogy used to carry internet data around the globe. 
The new ultrathin silicon-based probes are able to 
send light deep into the brains of animals to pre-
cisely target circuits of neurons that control cogni-
tion, behavior, and body functions.

“Tools for delivering light deep into animal 
brains are still rather primordial,” says Michael 
Roukes, the Robert M. Abbey Professor of Physics, 
Applied Physics, and Bioengineering at Caltech 
and principal investigator behind the research. 

“So, we decided to develop the next generation of 
brain probes.” The probes were described in a pa-
per that appeared in the journal Neurophotonics.

“These new silicon probes are much smaller 
than currently used optical fibers and are much 
gentler on the brain,” says the paper’s lead author, 
Eran Segev, a senior postdoctoral fellow in applied 
physics and materials science at Caltech.

With optogenetic techniques, researchers can 
use light to specifically activate or silence neurons 
within the brain and assess their roles. Optogenetic 
methods genetically engineer neurons to respond 
to light. For example, blue light is used to activate 
neurons that have been modified to produce a 
protein called channelrhodopsin. Conversely, yel-
low light is used to inhibit activity in neurons engi-
neered to express a protein called halorhodopsin.

As described in the paper, the new probes can 
target individual neurons while simultaneously 
minimizing displacement of brain tissue and pro-
viding access to areas deeper in the brain than 
previously possible. Segev says that a subsequent 
generation of probes, currently in development, 
will also be able to create patterns of blue, yellow, 
and other wavelengths of light.

Andrei Faraon (BS ‹04), assistant professor of 
applied physics and materials science and a co-
author on the study, provided early assistance with 
the probe designs and laboratory characterization.

Shining Light Deep into the Brain

SHORTENING TIME-TO-MARKET WITH A SOFTWARE-SUPPORTED REVIEW PROCESS
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Zentech Manufacturing is Hiring!
Looking to excel in your career and grow profes-

sionally in a thriving business? Zentech, with loca-
tions in Baltimore, MD and Fredericksburg, VA is 
rapidly growing and is seeking experienced profes-
sionals in all areas: engineering, manufacturing en-
gineering, program management, testing, QA and 
SMT operations. Zentech offers an excellent benefit 
package including health/dental insurance and an 
employer matched 401(k) program.

Established in 1998, Zentech holds an ultimate set 
of certifications relating to the manufacture of mis-
sion-critical printed circuit card assemblies, including 
ISO:9001, AS9100, DD2345, ISO 13485, maintains 
an IPC 610 Trusted Source QML status, J-STD 001 
with Space Certification and is ITAR registered.

Click here to apply

Click for drone video tour of
Zentech Facility

Do you have what it takes? 
MacDermid Performance Solutions, a Platform 

Specialty Products Company, and daughter compa-
nies manufacture a broad range of specialty chemicals 
and materials which are used in multi-step technologi-
cal processes that enhance the products people use 
every day. Our innovative materials and processes are 
creating more opportunities and efficiencies for com-
panies across key industries – including electronics, 
graphic arts, metal & plastic plating, and offshore oil 
production. Driving sustainable success for compa-
nies around the world, and at every step of the supply 
chain, takes talent. Strategic thinking. Collaboration. 
Execution.

The people of MacDermid Performance Solutions 
stand united by a guiding principle: If it doesn’t add 
value, don’t do it. This belief inspires a unique culture 
where each team member has opportunities to imag-
ine, create, hone and optimize. Do you have what it 
takes? Join our growing team of over 4,000 profession-
als across more than 50 countries with openings in re-
search, finance, customer service, production and more.   

MacDermid Performance Solutions and its affiliates 
are Equal Opportunity/Affirmative Action Employers.

 Apply now!

Candor is an advanced printed circuit board 
manufacturer with a unique manufacturing process. 
We can genuinely stand out among conventional 
board shops due to our unique Simplified Process.

 Join the Candor team, targeting rapid high qual-
ity prototype PCB manufacturing.

 We are looking for industry experienced sales 
reps to manage current customers and find new 
leads in the USA. Candor is in a unique position to 
hire onto our team using a very generous sliding 
commission rate. Contact Sunny Patel for details.

 Click here to apply

Experienced 
Sales Reps

Needed

Arlon EMD located in Rancho Cucamonga, California is cur-
rently interviewing candidates for manufacturing and manage-
ment positions. All interested candidates should contact Arlon’s 
HR department at 909-987-9533 or fax resumes to 866-812-5847.

Arlon is a major manufacturer of specialty high perfor-
mance laminate and prepreg materials for use in a wide variety 
of PCB (printed circuit board) applications. Arlon specializes in 
thermoset resin technology including polyimide, high Tg multi-
functional epoxy, and low loss thermoset laminate and prepreg 
systems. These resin systems are available on a variety of sub-
strates, including woven glass and non-woven aramid. Typical 
applications for these materials include advanced commercial 
and military electronics such as avionics, semiconductor testing, 
heat sink bonding, High Density Interconnect (HDI) and micro-
via PCB’s (i.e. in mobile communication products).

Our facility employs state of the art production equipment 
engineered to provide cost-effective and flexible manufacturing 
capacity allowing us to respond quickly to customer require-
ments while meeting the most stringent quality and tolerance 
demands. Our manufacturing site is ISO 9001: 2008 registered, 
and through rigorous quality control practices and commitment 
to continual improvement, we are dedicated to meeting and ex-
ceeding our customer’s requirements.

Click here for more details

http://www.zentech.com/careers.php
https://www.youtube.com/watch?v=pjnSu_AnmIY&feature=youtu.be
https://workforcenow.adp.com/jobs/apply/posting.html?client=MACDERMID1&ccId=19000101_000001&type=MP&lang=en_US
http://www.arlonemd.com
mailto:sunny@candorind.com?subject=<Experienced Sales Reps>
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SALES ACCOUNT MANAGER
This is a direct sales position responsible for 

creating and growing a base of customers. The 
account manager is in charge of finding and 
qualifying customers while promoting Lenthor’s 
capabilities to the customer through telephone 
calls, customer visits and use of electronic com-
munications. Experience with military and 
medical PWB/PWA a definite plus. Each account 
manager is responsible for meeting a dollar level 
of sales per month and is compensated with sal-
ary and a sales commission plan.

Duties include: 
• Marketing research to identify target

customers.
• Initial customer contact (cold calling).
• Identifying the person(s) responsible for

purchasing flexible circuits.
• Exploring the customer’s needs that fit our

capabilities in terms of:
- Market and product
- Circuit types used
- Quantity and delivery requirements
- Competitive influences
- Philosophies and finance
- Quoting and closing orders
- Bonding

• Submitting quotes and sales orders.
• Providing ongoing service to the customer.
• Problem solving
• Developing customer information profiles.
• Developing long-term customer strategies to

increase business.
• Participate in quality/production meetings.
• Assist in customer quality surveys.
• Knowledgeably respond to non-routine or

critical conditions and situations.

Competitive salaries based on experience, 
comprehensive health benefits package and 
401(k) Plan.

  Click here to apply

PROCESS ENGINEER 
Responsible for developing and optimizing Len-

thor’s manufacturing processes from start up to 
implementation, reducing cost, improving sustain-
ability and continuous improvement.

Duties include but are not limited to: 
• Participate in the evaluation of processes,

new equipment, facility improvements and
procedures.

• Improve process capability, yields, costs and
production volume while maintaining safety
and improving quality standards.

• Assist in employee training and certification.
• Work with customers in developing cost

effective production processes.
• Engage suppliers in quality improvements

and process control issues as required.
• Generate process control plan for manufacturing

processes and identify opportunities for
capability or process improvement.

• Participate in FMEA activities as required.
• Create detailed plans for IQ, OQ, PQ and

maintain validated states as required.
• Participate in existing change control

mechanisms such as ECO’s and PCR’s.
• Perform defect reduction analysis and activities.
• Participate in technology roadmap planning.
• Participate in new materials, processing or

other developments as required.

Experience & Education: 
• BS degree in Engineering
• 2-5 years of proven work experience
• Excellent technical skills

Competitive salaries based on experience, com-
prehensive health benefits package, 401(k) and 
Quarterly Gain Sharing bonus available to eligible 
employees.

 Click here to apply

mailto:hr@lenthor.com?subject=Process Eng. Position
mailto:hr@lenthor.com?subject=Sales Account Manager
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Outside Sales/
Key Account Managers

Job Description: NCAB Group USA is look-
ing to add to our existing outside sales team in 
various U.S. locations: Ontario, California and 
Itasca, Illinois. We are looking for sales profession-
als with at least 5 years of printed circuit board 
experience and/or semiconductor experience 
and knowledge. This is a sales position that re-
quires the ability to convert those cold calls into 
high-value customer meetings. 

What are we looking for? 
• A “hunter” mentality 
• The ability to create solid customer 
   relationships 
• A desire to excel and not settle for mediocrity 
• 5+ years of experience in the printed circuit 
   board or semiconductor industry 
• An excellent ability to present your product 
   and do the “deep dive” during your 
   customer visit by asking the open-ended 
   questions and identifying your customer’s 
   pain points 
• The energy to sell—from prospecting to cold 
   calls to getting the “wins” 
• Knowledge of “SPIN” selling  
• A college degree 
• An enjoyment to travel both domestically 
   and globally 
• Must be a U.S. citizen with a valid 
   U.S. Passport 

What’s next? Interested? 
Then send your resume to: 

Click here to apply

Visit us at www.NCABGroup.com

Looking for an energetic 
OUTSIDE SALES REPRESENTATIVE

Entry levels are welcomed

Job Description: Grow business by set-
ting up meetings with customers and handling  
presentations, selling products, and meeting 
customer needs. Required to meet customers 
face to face on weekly basis.  

Territory: All states including parts of Canada.

Skills/Qualifications: great communication 
skills; customer hospitality; meeting sales goals; 
closing skills; territory/account management; 
prospecting skills; negotiation; travel schedul-
ing; computer and network skills (intermediate 
level); self-confidence; presentation skills; client 
relationships; motivation for sales; motivation to 
learn; loyalty to company; respect to customer 
and team member; patience; due obligation.

Plus Aspects: 
• Bachelor or higher degree 
• Experience in outside sales 
• Knowledge of printed circuit boards
 
MicroCraft offers: 
• Domestic travel allowance 
• International travel allowance 
• 401(k) with company match
• 90% coverage on health insurance and 
   dental insurance for the employee 
• Life, AD&D, short term and long term 
   disability for the employee 
• PTO and holidays 
• Work environment/helpful coworkers 
• The opportunities to expand your knowledge

Salary: $40,000 to $75,000 or more. Your 
salary depends on your sales performance. 
This figure includes sales commission. 

Click here to apply

Contact: Kohei Maekawa 

mailto:kohei-m@microcraft.co.jp?subject=Outside Sales Rep Position
mailto: JobsUS@ncabgroup.com?subject=Outside Sales / Key Account Mgrs.
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HELP WANTED
In order to support its continued growth and lead-

ership position, All Flex Flexible Circuits and Heaters is 
seeking a TECHNICAL APPLICATION SALES ENGINEER for 
our inside sales team. Candidates are to have 5+ years in 
the PCB industry including a minimum of 2 years with 
flexible circuitry and/or flexible heaters. Experience in 
component assembly and flexible heater design is a plus.

The position involves providing extremely high re-
sponsiveness and follow-up to assigned accounts and 
new prospect inquiries. Although primarily an inside 
sales service provider, the individual must also be able 
to travel several times per year to support tradeshows 
and in-person customer support.  The position provides 
technical application knowledge to assist customers in 
the design and use of flexible circuits, heaters, and as-
semblies, a key service that All Flex provides.

Background to include: 
• Success in a team environment 
• Managing large customers – ideally in medical, 
   military, aerospace, and industrial markets 
• Proficiency in Microsoft Office Suite with good 
   typing/keyboard skills 
• Attention to detail 
• Good organization skills in handling multiple 
   activities at the same time 
• Professional telephone and e-mail 
   communication skills 
• Experience working trade shows 
• Good listening and customer management 
   abilities

This position is located in Northfield, MN.

Click here to apply

Business Development Manager 
 
General Purpose/Objectives:
Manage key accounts and develop new business. This 
person will grow existing accounts and participate in 
new product development through market analysis to 
identify new customers.
 
Essential Duties/Responsibilities:
• Identify significant business opportunities and 
   increase revenue
• Create business and product development plans, 
   do opportunity assessments, initiate product kick 
   offs, and assist with program management until 
   product release
• Lead new product development team and define 
   new products
• Develop product strategies, product positioning, 
   and new product roadmaps
• Release new products to the target market
• Work with our top customers, sales and 
   representative teams, field applications engineers, 
   and distributor partners
• Provide technical training and support for new business
• Interface with customers and field to understand 
   market requirements
 
Qualifications/Experience:
• Bachelor’s degree (Scientific Studies) or equivalent 
   with industry experience and background in 
   chemistry and PWB product marketing
• A combination of 10 years’ sales, product marketing,  
   product management, or business development
• US citizenship and fluency in English
• Working knowledge of PWB and IC development
• Strong communication and customer skills
• Must be able to work independently with limited 
   supervision
• Excellent interpersonal communication and 
   organizational skills to work with clients, team 
   members, and management staff
• Multicultural experience in Germany or Japan
• International business

Click here for more details

Become a Certified IPC Master Instructor
 
We are growing! EPTAC, a leading provider in the 
Electronics Training Industry is looking for some great 
people to join our team. If you love teaching and work-
ing with great companies in your travels, contact us.

Click here to apply

Advanced technology manufacturer of 
printed circuit boards in Huntington 
Beach, CA is looking for manufacturer’s 
representatives in Southern California. 
Please forward inquiries to Crystal Bar-
rett. (585) 254-2989 ext. 225

Click here to apply

https://taiyoamerica.bamboohr.com/jobs/view.php?id=10
mailto:hr@allflexinc.com?subject=Technical Application Sales Engineer Position
mailto:cbarrett@c3circuits.com
http://www.eptac.com/careers/
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OEM Account Manager USA 
(IMS Materials) 

Want to work for a globally successful and growing 
company and help drive that success? As a US-based 
key member of the global OEM Marketing Team, your 
focus will be on IMS (insulated metal substrates) ma-
terials that deliver exceptional thermal performance, 
reliability and quality, particularly demanded by auto-
motive and other LED lighting and DC power conver-
sion applications. Combining your strong technical 
PCB manufacturing and design knowledge with com-
mercial acumen, you will offer OEM customers (buy-
ers, designers, reliability engineers and the people that 
liaise directly with the PCB manufacturers) advice and 
solutions for optimum performance, quality and cost.
 
Skills and abilities required for the role:
• Technical background in PCB manufacturing/design
• Solid understanding of IMS materials
• Sales knowledge and skills
• Excellent oral and written communication skills in English
• Experience in making compelling presentations to 
   small and large audiences
• Proven relationship building skills with partners 
   and virtual teams
 

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

Please forward your resume to:
 

Click here to apply

mention “OEM Account Manager USA”
in the subject line.

Field Application Engineer
SAKI America, manufacturer of automated optical, 

solder paste, and X-ray inspection and measurement sys-
tems for the electronics industry, seeks a Field Application 
Engineer, based in its Fremont, California headquarters. 
Responsibilities include communicating with customers, 
sales representatives, and pertinent Saki personnel to un-
derstand the customers’ applications, assist in equipment 
selection, perform equipment installation, and provide 
assembly process assistance, training, support, mainte-
nance, troubleshooting, and services for Saki’s products 
and technologies, at SAKI America’s headquarters, regional 
offices, and customer sites. Perform product and process 
demonstrations and presentations to customers, agents, 
and colleagues, assist with trade show activities, and work 
with factory and development teams to communicate new 
product ideas and customer suggestions/requests.

Job requirements: 
Two-year technical degree (four-year preferred) or 

equivalent experience. 3-5 years combined experience 
in customer and technical support with 5-7 years in SMT 
manufacturing process with SPI and AOI understand-
ing. The ideal candidate will have experience running 
and programming SPI and AOI systems. Competencies 
should include excellent verbal and written communica-
tion skills, a working knowledge of computer-based busi-
ness applications, understanding SPC collection and use 
in a manufacturing environment, problem-solving skills, 
use of tools such as Six Sigma, and electronics/electro-
mechanical troubleshooting capability. The position re-
quires up to 75% travel (3 weeks/month).

Click here to apply

Application/SalesEngineer
Positions available East, Midwest and Western 

United States. Position will focus on supporting sales 
and applications development for Miva Technolo-
gies DLP direct imaging system with the PCB and 
micro-electronics markets. Experience with photo-
resist and imaging preferred but not required. 

 Service Technician
Positions available for Eastern and Western 

United States. Service Technicans will support our  
rapidly expanding installed base of Miva Technolo-
gies DLP imaging systems as well as other systems 
sold by the company. 

Send resume and contact information for both 
positions to Brendan Hogan.

Click here to apply

mailto:jpattie@ventec-usa.com?subject=OEM Account Manager USA
http://www.sakiglobal.com/careers.html?utm_source=iconnect&utm_medium=armktg&utm_term=05icjobtxtn
mailto:b.hogan@MivaTek.Global?subject=Response to Hiring Ad - I-Connect007


C O N T R I B U T O R S

W A N T E D

Help Wanted: I-Connect007 contributors! 

Are you an expert at PCB design, fabrication, assembly, or a related 
industry skill? Do you have a desire to share your unique perspective 
and knowledge? If so, we’d love to hear from you. The PCB Design 
Magazine, The PCB Magazine, PCB007 China Magazine and SMT 
Magazine are seeking feature contributors and regular columnists.

Being an I-Connect007 contributor does have its benefits: you can 
share your published articles from our industry-leading technical 
publications with your byline on websites, blogs, social media, and 
more.

For more information, contact our editors:
SMT Magazine, The PCB Magazine, The PCB Design Magazine, and 
PCB007 China Magazine.
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1	‘Flexdude’ Tom Woznicki 
 Celebrates Company’s 
 25th Anniversary

Twenty-five years ago, Tom 
“Flexdude” Woznicki got laid 
off. So, he launched his own 
flex circuit design bureau and 
never looked back. Since then, 
he’s designed flex circuitry for 
everything under the sun, in-
cluding the Mars Rover; the 
flex circuits he designed are visible in many of the 
Rover photos. Tom and I discussed the benefits of 
flex circuits, the expansion of the flex market, and 
his company’s first quarter-century in operation. 

2	Mentor FloTHERM XT Release 
 Simulates Complex Geometries  
 Quickly, Accurately

Mentor has launched the newest release of the 
FloTHERM XT electronics cooling software product 
with advanced thermal management capabilities. 
Based on the electronics cooling DNA of Mentor’s 
FloTHERM technology and the FloEFD CAD-cen-
tric philosophy, the award-winning FloTHERM XT 
product is the industry’s first integrated mechani-
cal design automation and electronic design auto-
mation electronics cooling solution.

3	Beyond Design: 
 Microstrip Coplanar Waveguides

The classic coplanar wave-
guide (CPW) is formed by a 
microstrip conductor strip 
separated from a pair of 
ground planes pours, all on 
the same layer, affixed to a di-
electric medium. In the ideal 
case, the thickness of the di-
electric is infinite. But in practice, it is thick enough 
so that electromagnetic fields die out before they 
get out of the substrate.

4	New Ultra Librarian Website 
 Provides ECAD/MCAD Models,  
 Part Pricing

EMA Design Automa-
tion has created a web-
site for Ultra Librarian 
giving electronics de-
signers online access 
to pre-authored and 
verified parts with pric-
ing and technical infor-
mation to help them choose the best electronics 
components for their designs and the ability to 
download symbols, footprints, and 3D models. 

TOP 
TEN
Recent Highlights from PCBDesign007

http://design.iconnect007.media/index.php/article/103818/flexdude-tom-woznicki-celebrates-companys-25th-anniversary/103821/?skin=design
http://design.iconnect007.com/index.php/article/104077/mentor-flotherm-xt-release-simulates-complex-geometries-quickly-accurately/104080/?skin=design
http://design.iconnect007.com/index.php/column/70/beyond-design/73/
http://design.iconnect007.media/index.php/article/104042/new-ultra-librarian-website-provides-ecadmcad-models-part-pricing/104045/?skin=design
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5	Obsessing over Conductor
 Surface Roughness:
 What’s the Effect on DK?

You know you have an ob-
session when you are flying 
six miles over Colorado and 
you look out the window at 
the beautiful scenery, and all 
you can think about is how 
the rocky mountain topol-
ogy reminds you of conduc-
tor surface roughness! Well, call me obsessed, be-
cause that’s exactly what I thought on my way to 
DesignCon 2017

6	European PCB Designer Day to 
 Focus on Critical Layout Factors

The European Insti-
tute of Printed Circuits 
(EIPC) and FED will 
be holding European 
PCB Designer Day at 
the Marivaux Hotel 
Congress & Seminar 
Center in Brussels, Belgium on June 21, 2017. De-
signer Day focuses on some of the more critical 
design factors including base material selection, 
performance modelling and testing, signal integri-
ty, component layout tools and 3D structures, and 
embedded components.

7	DesignCon Announces 2017  
 Awards for Best Papers

The 2017 DesignCon Best Pa-
per Award winners have been 
selected. The first-round final-
ists were judged based on at-
tendee feedback, collected 
at DesignCon 2017, on the 
impact of their presentation. 
Winners include I-Connect007 contributors Istvan 
Novak and Yuriy Shlepnev.

8	Bruce Mahler Discusses Ohmega’s  
 Resistive Material Technology

Bruce Mahler, vice president 
of Ohmega Technologies, 
sat down for an interview 
with Andy Shaughnessy at 
DesignCon 2017. He dis-
cussed the company’s latest 
embedded resistive materi-
als, as well as some of the 
drivers and challenges in 
that segment of the materials industry.

9	Wanted: Industry Input 
 on Next Rev of IPC-2581

The IPC 2-16 tech-
nical committee is 
actively soliciting 
input from industry 
for the next major 
revision of the IPC-
2581 standard. Re-
gardless of your present IPC-2581 adoption status, 
we want to hear from each of vou. The objective 
of this next round of enhancements is to eliminate 
risk and inefficiency in your day-to-day operations, 
and streamline your production processes. 

J	TTM Shines a Light on 
 Optical Interconnect

Are embedded optics on PCBs 
set to make a breakthrough in 
the upcoming years? Accord-
ing to Dr. Craig Davidson, VP 
of Corporate Technology at 
TTM, it might be closer than 
you’d expect. Craig outlines 
TTM’s current pursuit of high-volume manufac-
turing lines able to deliver embedded optical in-
terconnect, what that would mean for the PCB 
industry, and why he thinks there will be optical 
manufacturing production capability by 2020. 

PCBDesign007.com for the latest circuit design news and 
information—anywhere, anytime.

https://design.iconnect007.com/index.php/column/66/bert39s-practical-design-notes/69/?skin=design#103721
http://design.iconnect007.media/index.php/article/104108/european-pcb-designer-day-to-focus-on-critical-layout-factors/104111/?skin=design
http://design.iconnect007.com/index.php/article/103838/designcon-announces-2017-awards-for-best-papers/103841/?skin=design
http://design.iconnect007.com/index.php/article/104079/bruce-mahler-discusses-ohmegas-resistive-material-technology/104082/?skin=design
http://design.iconnect007.com/index.php/article/103816/wanted-industry-input-on-next-rev-of-ipc-2581-/103819/?skin=design
http://design.iconnect007.com/index.php/article/103860/ttm-shines-a-light-on-optical-interconnect/103863/?skin=design
http://design.iconnect007.com/
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For IPC Calendar of Events, 
click here.

For the SMTA Calendar of Events, 
click here.

For a complete listing, check out 
The PCB Design Magazine’s 
event calendar.

Thailand PCB Expo 2017
May 11–13, 2017
Bangkok, Thailand

JPCA Show 2017
June 7–9, 2017
Tokyo, Japan

IPC Reliability Forum: 
Emerging Technologies
June 27–28, 2017
Düsseldorf, Germany

SMTA International 2017 Conference
and Exhibition
September 17–21, 2017
Rosemont, Illinois, USA
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electronicAsia
October 13–16, 2017
Hong Kong

IPC Flexible Circuits: HDI Forum
October 17–19, 2017
Minneapolis, Minnesota, USA

TPCA Show 2017
October 25–27, 2017
Taipei, Taiwan

productronica 2017
November 14–17, 2017
Munich, Germany

HKPCA/IPC International Printed
Circuit & South China Fair
December 6–8, 2017
Shenzhen, China

DesignCon 2018
January 31-February 1, 2018
Santa Clara, California, USA

IPC APEX EXPO
February 27-March 1, 2018
San Diego, California, USA

CALENDAR

Events

http://www.ipc.org/IPCCalendar.aspx
http://www.smta.org/news/smta_calendar/calendar.cfm
http://www.pcbdesign007.com/pages/events_calendar.cgi
http://www.pcbexpothailand.com/
http://www.jpcashow.com/show2016/index.html
http://www.ipc.org/calendar/2016/reliability/reliability-DUSSELDORF-landing-DRAFT1.pdf
http://www.smta.org/smtai/
http://www.hktdc.com/fair/electronicasia-en/electronicAsia.html
http://www.ipc.org/calendar/2016/reliability/HDI-landingDRAFT2.pdf
http://www.tpcashow.com/tw/
http://www.productronica.com/index-2.html
http://www.hkpca-ipc-show.org/2017/en/index.html
http://designcon.com/
http://www.ipcapexexpo.org/html/default.htm
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