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PCB designers could learn quite a bit from 
NASA and the private companies that develop 
spacecraft: Every one of these vehicles is a tes-
tament to the value of collaboration among 
disparate stakeholders. Without a collabora-
tive culture, the rocket might never get off the 
ground.

Of course, most PCB designers would prob-
ably agree that collaboration is an important 
part of the design process. But does the aver-

age designer truly collaborate with all the 
stakeholders involved in designing and manu-
facturing the board? Most likely not.

Many designers are still tossing the design 
“over the wall” and hoping for the best. They 
don’t talk to the fabricator or the assembly pro-
vider, and definitely not the component sup-
plier. They’re just out there winging it because 
that’s how they’ve always done it, and it’s 
worked out most of the time.

The Shaughnessy Report 
by Andy Shaughnessy, I-CONNECT007 

All Together Now: 
The Value of Collaboration



https://iconnect007.com/column/57/design
https://iconnect007.com/ese
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As the founder of Trilogy Circuits, the pro-
vider of design and assembly services acquired 
by Zentech, Charlie Capers understands the 
value of collaboration. We spoke with Char-
lie about the need for designers to collabo-
rate with all the downstream stakeholders, the 
hurdles to solid communication, and why real 
collaboration (or lack of it) can make or break 
your deadline.

We also discussed the path to true collabo-
ration, and why many companies don’t begin 
to embrace a collaboration culture until they 
have a problem. Remember: Each of us can 
begin ushering in a collaboration culture just 
by reaching out for help or advice.

The Collaboration Culture
Andy Shaughnessy: Charlie, we wanted to 
get your thoughts on collaboration between 
PCB designers and the rest of the manufac-
turing loop. We still hear about senior design-
ers making basic mistakes, like handing off 
data packages with incomplete fab notes.

Barry Matties: Right, and in a truly collabora-
tive culture, we probably would not have 
holes in the fabrication notes because they 
would have talked about it with their CAM 
partners as they were designing the board.
Charlie Capers: That’s true. But also, most fab-
ricators don’t know much about design either. 
They know how to build printed circuit boards, 

Feature Interview by the I-Connect007 Editorial Team
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and sometimes, they have to take what they’re 
given and try to produce a printed circuit 
board the best they can. But yes, there’s much 
more to it than meets the eye. A collaborative 
process would be great, especially if you have a 
top-notch designer who can come in and look 
at your designs—prior to them even going out 
to a fabrication house—and critique them or 
make suggestions. We also have some really 
nice tools that have been around for decades, 
like Valor and Downstream CAM350. You 
can program these tools to say, “This is what 
the design needs to look like before it can go 
through our shop or our fabrication process.” 
On a high level, at a Tier 1 EMS company, they 
will do a full Valor check or something of that 
nature before it even makes it out to the floor. 
They will make sure that they know how to 
build it exactly beforehand. Not everybody has 
that luxury, of course.

Matties: That’s an interesting spin on collabo-
ration, not necessarily with the fabricator, but 
in the design review process.
That’s correct. We don’t always have that lux-
ury. It may be a time or a resource constraint. 
When you’re doing a project at home, and you 

get your first quote, and it’s $20,000, you might 
say, “Wow, that’s pretty expensive. Let me get 
a couple of other quotes and some other opin-
ions as well.” Well, it’s the same thing with 
PCBs. You don’t necessarily want to go with 
Joe Blow down the street. He may have been 
designing for 30 years, and everybody thinks 
he’s great. But is he really?

Nolan Johnson: Some companies are trying 
to create a more collaborative environment 
for design, from design into manufacture and 
the transfer of data electronically. I’m starting 
to realize that it’s much like social media for 
circuit board design.
Yes, that’s about right.

Johnson: Today’s CAD tools can connect you 
to the different suppliers on the manufactur-
ing side, and their vision is you can all collab-
orate on that design. So, before you manufac-
ture it, you have a chance to have it looked 
at while you’re working on it and adjust it so 
that you get great results. Is that something 
that you’re tracking?
I am not, but that’s a great idea. I’ve heard of 
some of that type of stuff going on, but how 
much do you charge for that service? It’s $150 
an hour. How many hours would you like 
to buy? People just freak out and say, “Oh, 
I thought it would be free.” No, I have better 
things to do. If you want an expert’s advice, 
that’s pretty much free. But if you want their 
help, that costs money.

Shaughnessy: We hear stories all the time 
about the simplest boards getting put on hold 
in fab or assembly, and endless respins. A lot 
of times, this is already built into the budget.

Matties: It’s almost like hiring a lawyer: You 
may spend a little more money up front, but 
you’re saving a lot on the back end by not 
having respins.
I agree with you 100%, Barry. In our culture 
these days, for a lot of companies, it’s a matter 

Charlie Capers
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of who has the lowest price, but that shouldn’t 
always be the case. When I get projects done 
around the house, I always make it a point to 
get at least three quotes. I talk with them about 
how they do it, their processes, and so forth. 
I don’t necessarily pick based on price; I pick 
based on who I feel will do the best job. Even if 
they’re more expensive, I don’t care. But, if you 
want expertise, you have to be willing to pay 
for it. If you just want a cheap price, you will 
pay for it one way or the other. You want to pay 
for it now, or you can pay for it later. I guaran-
tee that if you pay for it now, it will be cheaper 
than when you’re paying for it later. It will cost 
a lot more later—not only 
in schedule delays, but in 
respins and eating up a 
bunch of materials.

Shaughnessy: It almost sounds 
like some companies just natu-
rally embrace collaboration. 
Is it just that some companies 
don’t see the value of collabo-
ration?
I don’t know. Maybe it’s like a 
game of hot potato.

Matties: My thought here, Charlie, is that 
collaboration starts with you or me. The per-
son who’s doing the work can always reach 
out to somebody. They can call a fabricator. 
They can create a collaboration culture, and 
you don’t have to wait for the president of the 
company to say, “This is how it will be.” Most 
collaborative cultures probably start at the 
grassroots level, I would imagine.
True. When I was young and starting to learn 
how to design, I would collaborate with other 
senior designers and get their opinion on what 
I was doing. But designers are very prideful 
kind of people and they don’t like to reach out. 
Plus, by the time it makes it to their computer, 
and they’re ready to do a layout, their schedule 
has gone from a two-month window to hav-
ing two weeks to finish this design from start 

to finish because we’ve screwed around on the 
front end, and now it’s late. It’s a cultural thing. 
Like you said, Andy, some companies get it, 
and some don’t, and the ones that don’t are the 
ones that suffer.

Shaughnessy: They’re already thinking 
about the next board while you’re working 
on the current board, and it’s so compressed. 
So, when there’s a respin, they don’t care 
because by then they’ve already moved on 
to another board.
Right. Then the respin is even more desperate. 
What’s the cause? Is it because of the manufac-

turing or is it because of the engineer-
ing? These days, it could be any-

thing. “Well, this part’s obsolete, 
and we need to design this out of 
the product. Let’s redo the engi-
neering and find another part 
that does the same thing and 
then re-engineer it.” Now we’re 

four weeks behind. “Let’s 
give it to the designer now. 

By the way, now you only 
have two weeks to finish 

this thing.”
The designer may be very good, 

but he’s not a miracle worker; he’s there 
to lay out what you give him, and he needs 
time to do it as well. It’s such a different culture 
now than it used to be. Back in the old days, it 
used to take eight or 10 weeks to do a layout on 
Mylar. Now, they expect us to push a few but-
tons and have it done in a couple of weeks. But 
a really good, true designer will take his time 
and do it right. A real designer will probably 
push back when they ask for it in two weeks. 
He’ll say, “I’ll give it to you in six weeks. That’s 
the best you’re going to get.”

Matties: You’re a good example because 
you’re not only the designer and the 
manufacturer, but you’re also quoting 
boards now with Zentech. When the quote 
comes through, you understand where that 

The designer 
may be very good, 

but he’s not a 
miracle worker...
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extra labor cost, time, and process step 
might be. Having those three disciplines in 
one person is self-collaboration. That’s a 
huge advantage.
It is. It’s funny because I get calls every now 
and then from other people in our industry 
who are having issues on the line, problems 
building a board, or failures here or there. I’ll 
say, “Send me the data.” I’ll look at it, find the 
issues, and I’ll say, “This is where you need to 
be looking. You have a problem here, you have 
a problem here, and this is where you need to 
focus.” They’ll say, “Wow, great!”

Matties: That’s interesting. What you just 
said is that we don’t collaborate until we 
have a problem.
Maybe that is the problem.

Shaughnessy: No man is an island. That’s 
certainly true in this scenario.

Matties: Thanks so much for speaking 
with us, Charlie.
Thank you. Always a pleasure.  DESIGN007

Traditional non-aqueous lithium-ion batteries have  
a high energy density, but their safety is compro-
mised due to the flammable organic electrolytes 
they utilize.

Aqueous batteries use water as the solvent for 
electrolytes, significantly enhancing the safety of 
the batteries. However, due to the limited solubility 
of the electrolyte and low battery voltage, aqueous 
batteries typically have a lower energy density. This 
means that the amount of electricity stored per unit 
volume of aqueous battery is relatively low.

In a new study published in Nature Energy, a 
research group led by Prof. LI Xianfeng from the 
Dalian Institute of Chemical Physics (DICP) of the Chi-
nese Academy of Sciences (CAS), in collaboration with 
Prof. FU Qiang’s group also from DICP, developed a 

multi-electron transfer cathode based on bromine 
and iodine, realizing a specific capacity of more than 
840 Ah/L, and achieving an energy density of up to 
1200 Wh/L based on catholyte in full battery testing.

To improve the energy density of aqueous batter-
ies, researchers used a mixed halogen solution of 
iodide ions (I-) and bromide ions (Br-) as the electro-
lyte. They developed a multi-electron transfer reac-
tion, transferring I- to iodine element (I2) and then to 
iodate (IO3-). During the charging process, I- were 
oxidized to IO3- on the positive side, and the gener-
ated H+ were conducted to the negative side in the 
form of supporting electrolyte. During the discharge 
process, H+ were conducted from the positive side, 
and IO3- were reduced to I-.

The developed multi-electron transfer cathode 
had a specific capacity of 840 
Ah/L. Combining the cathode 
with metallic Cd to form a full 
battery, researchers achieved  
an energy density up to 1200 
Wh/L based on the developed 
catholyte.

“This study provides a new idea 
for the design of high-energy-
density aqueous batteries, and 
may expand the aqueous batter-
ies application in power batteries 
field,” said Prof. LI.

(Source: Dalian Institute of 
Chemical Physics)

Researchers Develop 
High-energy-density Aqueous Battery 
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As a PCB designer working for an EMS pro-
vider, Kelly Dack has seen his share of boards 
fail because they were designed in a vacuum; 
the designer simply threw the design “over the 
wall” and hoped for the best.

In this interview, Kelly discusses the need 
for collaboration between all the stakeholders 
involved in designing and manufacturing the 
PCB. As Kelly points out, IPC’s CID curricu-
lum provides a great framework for setting up 
a collaboration culture in your company, and 
standards help enable this kind of environment.

Andy Shaughnessy: Kelly, we’re discussing 
collaboration between designers as well 
as between designers and their partners 
downstream. How does a company set up
a collaboration culture?

Kelly Dack: You could say that great things hap-
pen when project stakeholders get together. 
Everybody can represent their own part of the 
project and come together. I teach the Certi-
fied Interconnect Designer (CID) class, and 
the CID principles teach us that at the start 
of a project, you’ve got to bring everybody 
together and put values on everything: test, 
mechanical, components, fit, performance, 
and all the other design forces. They all have to 
come together, and the project manager has to 
put weight on each of those things.

So, the CID provides a guideline for setting 
up a collaborative environment?
Absolutely. CID has a graphic that really hits 
the nail on the head. It is a picture of a table, 
with chairs around the table representing each 

Feature Interview by Andy Shaughnessy
I-CONNECT007
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stakeholder: testability guys, test engineer, 
mechanical engineer, PCB designer, electri-
cal engineer, manufacturing engineer, and 
supplier management, who have to go buy all 
these parts and source the parts. This is the 
foundation of what needs to happen. The IPC 
CID program preaches that it takes a village, 
so to speak—a team of all the stakeholders—to 
buy in to make the product successful down 
the road. That’s basically the start of any con-
versation on collaboration.

Ideally, the project manager is the one who 
will pull all the stakeholders together, includ-
ing the designer and engineer, so they can hear 
from each other. For instance, does this board 
need to be 100% testable? For one recent board, 
we went through several prototype develop-
ment layout cycles just to get the circuit perfor-
mance dialed in. Tragically, we found out after 
the layout was complete and functioning that it 
had to be 100% testable because the customer 
was going to pay for a test fixture. Design for 
testability (DFT) must be implemented at the 
start of design, or there will be no room to add 
the test points.

The worst time to implement DFT is after a 
board design is locked up and performing well. 
So, to prevent this from ever happening again, 
what did we do? We created an internal stan-
dard that said all boards shall be 100% testable. 
That’s good, but the problem is that this takes 
a lot more time and rules checking because we 
have introduced test points that could affect 
performance.

Often, PCB design engineering teams get 
their first feedback from the supplier manage-
ment group, saying, “Hey, we’re spending a 
lot of money for several of these components. 
Could we investigate looking at these substitu-
tions?” This often happens when the pilot-run 
prototype is in the lab. The pilot run gives the 
first taste of the board to all the manufacturing 
stakeholders and the other stakeholders. It’s 
after that point where they get buy-in from all 
the stakeholders that it can get pushed into the 
first run of production, and it scales up from 
there. Again, this is the ideal situation. But 
what’s happening for many companies is the 
“same old, same old.” It’s the lack of communi-
cation between design and engineering, elec-
trical and mechanical. They’re just doing what 
they can and dealing with things as they go.

What is the role of standards in a 
collaboration culture?
The standards definitely enable collaboration. 
I would say IPC’s CID sets up a framework 
for collaboration, and the standards enable it 
if all stakeholders agree on which standards 
shall be met. At IPC APEX EXPO, there was 
a lot of back and forth about whether certain 
standards should be changed to “guidelines.” 
A standard is interpreted as pass or fail, but a 
guideline says, “Well, you vary from the stan-
dard due to certain circumstances, and here’s 
the reason.”

You need both. Often standards come first 
and guidelines come from standards as they 
develop. Collaboration is key to making these 
decisions.
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That’s right. Without collaboration, anything 
can happen. Let me tell you about another 
design and manufacturing challenge that hap-
pened recently. This board design came in 
that was an eighth of an inch thick; it was a 
big power distribution board that has to carry 
about 50 amps. Nobody runs 50 amps on a 
board and makes it easy to assemble with a sol-
dering operation successfully. But they just did 
it. They put four-ounce thick copper on about 
10 layers. They got it fabricated, no problem. 
But guess what? We can’t solder it. Now, here 
it is an eighth of an inch thick, and you need 
a blowtorch to get these through-hole compo-
nents through all 10 layers. The excessive heat 
required would delaminate the FR-4 material. 
They didn’t follow any IPC standard rules for 
thermal relief or 
anything close to 
that.

For a special type of board 
like this, you’d think the 
customer would meet with 
fab and assembly early in 
the design cycle.
Right. In this case they may have 
had a thumbs up from the fabricator, but that’s 
a totally different stakeholder. Of course, they 
could pull the materials and laminate it. They 
knew they wouldn’t have to solder it, and the 
board moved forward. The prototypes may 
have been assembled in the customer’s lab by 
hand, which is totally different from a pro-
duction assembly line. It was another sad case 
of one stakeholder answering for another. It 
ought to be a crime, I tell you.

On the other hand, sometimes customers 
will just send us the board’s CAM files and ask 
for a request for quote. Our people look at it 
and say, “It’s green, and it looks like a circuit 
board. I bet we can build it.” So, we take it on, 
and it goes to manufacturing, where they say, 
“Yep, looks like a board. We will run it down 
our surface mount line.” But guess what? We’re 
getting cold solder joints on this thing. It’s not 

working. Only then do they come to design 
and ask, “What do you think the problem is 
with this board?” I know the problem: It wasn’t 
designed right, and now it’s three months later. 
The customer thinks their board is being built, 
but we can’t build the board. Occasionally, we 
need to force a stakeholder meeting with them 
and say, “Here’s what you’ll need to do from 
a design standpoint so that we can build your 
board to the standards you’ve specified. Let’s 
collaborate.” But they say, “The other guys can 
do it. Why can’t you?”

What are some of the barriers to setting up 
a collaborative culture?
It always comes down to communication. It’s a 
matter of everyone speaking the same language. 

Every stakeholder has to 
be transparent about their 
capabilities, processes, 
and t ime frames.  The 
biggest challenges occur 

when people are not  
t r a n s p a r e n t . 
Being transpar-

ent is important, 
especially when there are problems 

found between program stakeholders. 
Let’s say our expectations for a fabrication 

stakeholder were high, but the performance 
was low. What do we do?

We don’t say, “Off with their heads! We’ll 
never do business with you again.” We have a 
follow-up meeting with the fabricator, and we 
say, “Show us how this will be fixed, how this 
will never happen again.” We have a kind of 
post-mortem, and they’ll say, “We have mea-
surable processes. Here’s what went wrong in 
our process, and here’s how we’ll fix it.” The 
collaborative process is handled by formal 
communication via a corrective action report 
(CAR). I like to preach that every PCB pro-
gram stakeholder should be able and willing 
to fill out a CAR when things go awry within 
one’s process responsibilities. If manufacturing 
stakeholders are expected to issue a CAR when 

We have measurable 
processes. Here’s what went 

wrong in our process, and 
here’s how we’ll fix it.
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a process fails, why not PCB designers when a 
certain design feature cannot be built?

Do you have any advice for designers who 
want to set up a collaborative environment 
at their company?
As I said, the CID curriculum explains exactly 
what true collaboration looks like, and an 
understanding of the standards and the lan-

guage used enables collaboration. Take the 
CID and CID+ exams, and you’ll see what I 
mean. Reach out to your stakeholders if you 
know who they are, before you begin design-
ing the board. Communicate early and often.

Thanks so much, Kelly. This was really good.
Thank you, Andy. It’s always a pleasure.  DESIGN007

Feature Q&A with Chris Mitchell

What do you do when you don’t know what to 
do? That is the conundrum facing U.S. government 
officials overseeing billions of dollars in strate-
gic investments in the domestic microelectronics 
industry. Enormous grants are beginning to flow to 
the chips sector, and after years of IPC advocacy 
and education efforts, policymakers have gained 
a clearer picture of the rest of the electronics sup-
ply chain, including everything chips depend on to 
function.

But knowing what to do in a chips-centric world 
is proving more difficult than expected. In this inter-
view, Chris Mitchell, IPC VP of global government 
relations, explains the range of challenges facing 
policymakers in the United States, Europe, and 
beyond, and IPC’s policy agenda to tackle them.

Over the past several years, IPC has worked to 
persuade government policymakers to support 
the entire electronics supply chain, not just 
semiconductor chips. How is that going?

Chris Mitchell: In response to the COVID pandemic 
and geopolitical tensions in East Asia, many people 
thought there would be fundamental changes in 
how the United States sources electronics. Indeed, 
we have seen growth domestically in electronics 
manufacturing and even greater increases in Mex-
ico and in U.S.-friendly countries in Southeast Asia 
and South Asia.

But for all the concern about industrial resiliency 
and national security, the underlying realities of the 
global supply chain haven’t really changed. Asia 
continues to have some of the most advanced elec-
tronics manufacturing capabilities with abundant 

capacity and access to well-priced base 
materials. This makes Asia a prime desti-
nation for investment in new manufactur-
ing facilities.

The key question for U.S. policymakers 
and the industry is which electronics tech-
nologies and systems should be manu-
factured in the U.S. given their strategic 
importance to national security, economic 
competitiveness, and/or technological 
leadership? What kind of investments are 
necessary to ensure such capabilities and 
capacities are put in place?

Read the rest of this interview in the 
June 2024 issue of SMT007 Magazine.

Governments Struggling With 
‘Silicon-to-Systems Approach’

https://iconnect007.uberflip.com/i/1521713-smt007-jun2024/39?
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Feature Article by Stephen V. Chavez
SIEMENS EDA

PCB design is a critical and complex process 
that involves multiple stages, from concep-
tualization and schematic creation to layout 
design and final manufacturing. As technol-
ogy advances, PCBs themselves are becom-
ing more complex, requiring intricate designs 
and precise development execution. These 
complexities, combined with the need for 
rapid development cycles, necessitate a col-
laborative approach, bringing together various 
experts and stakeholders to ensure the cre-
ation of efficient, reliable, and innovative elec-
tronic products.

Effective collaboration among team mem-
bers across different disciplines and domains 

Collaboration in PCB Design: 
Enhancing Innovation and Efficiency

can significantly enhance innovation, reduce 
errors, and improve overall efficiency. In this 
article, we’ll explore the importance and ben-
efits of collaboration as well as strategies for 
fostering it in PCB design.

Collaboration in PCB design is crucial for 
many reasons.

Complexity Management
Modern PCBs are highly complex, often fea-

turing multiple layers, intricate routing, and a 
variety of components. Collaboration ensures 
that different aspects of the design, such as 
electrical, mechanical, and thermal consider-
ations, are seamlessly integrated.
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Enhanced Innovation and Creativity
Collaboration fosters an environment where 

diverse ideas and creativity can flourish. 
Team members can brainstorm, share ideas, 
and build on each other’s suggestions, lead-
ing to innovative solutions and more effective 
designs. When engineers, designers, and other 
stakeholders work together, they bring unique 
perspectives and expertise to the table. This 
diversity can lead to innovative solutions that 
might not emerge in a siloed environment. 
For example, a mechanical engineer/designer 
might suggest an innovative way to arrange 
components to improve thermal management, 
while an electrical engineer/designer can opti-
mize the circuit layout for better performance. 
Such cross-disciplinary, bi-directional interac-
tions are crucial for pushing the boundaries of 
PCB design.

Error Reduction
Collaborative design helps in early identifi-

cation and correction of errors. Cross-func-
tional teams can provide diverse perspectives, 
leading to more thorough design reviews and 
validation processes.

Improved Design Accuracy and Quality
PCB design involves meticulous attention 

to detail to ensure the final product functions 
correctly. Collaboration among team mem-

bers helps in catching errors early in the design 
process. Peer reviews, for instance, allow team 
members to scrutinize each other’s work, iden-
tifying potential issues that might have been 
overlooked. This collaborative vetting process 
significantly enhances the overall quality and 
accuracy of the PCB design.

Speed, Efficiency, and Problem Solving
Collaboration accelerates the design process. 

By working together, teams can parallelize 
tasks, quickly resolve issues, and share knowl-
edge, reducing the time from concept to pro-
duction. Problems in PCB design can be com-
plex and multifaceted, requiring input from 
various experts to resolve. When team mem-
bers collaborate, they can quickly pool their 
knowledge to troubleshoot issues effectively. 
This collective problem-solving approach not 
only speeds up the resolution process but also 
leads to more robust solutions. For example, 
if there is an issue with signal integrity, input 
from both the layout designer and the signal 
integrity engineer can be critical in identifying 
and addressing the root cause.

Streamlined Workflow and Reduced 
Time-to-Market

Collaborative efforts streamline the PCB 
design workflow, reducing redundancies 
and improving communication. By working 
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together, team members can synchronize their 
tasks, ensuring that each phase of the design 
process progresses smoothly. This coordina-
tion is vital for meeting tight deadlines and 
reducing time-to-market. Tools that support 
collaborative design, such as cloud-based PCB 
design software, further enhance this stream-
lined workflow by allowing real-time collabo-
ration and updates.

Enhanced Knowledge Sharing 
and Skill Development

Collaboration in PCB design is also a valu-
able opportunity for knowledge sharing, men-
torship, and skill development. Junior engi-
neers and designers can learn from their more 
experienced colleagues, gaining insights into 
best practices and advanced techniques. This 
knowledge transfer is beneficial not only for 
the individuals involved but also for the orga-
nization as a whole, as it helps build a more 
skilled and versatile team.

Greater Flexibility and Adaptability
The rapidly evolving nature of technol-

ogy demands flexibility and adaptability in 
PCB design. Collaborative teams are bet-
ter equipped to handle changes 
in project requirements or unex-
pected challenges. With a collab-
orative approach, team members 
can quickly realign their efforts and 
make necessary adjustments to the 
design, ensuring that the project 
stays on track despite any disrup-
tions.

Increased Accountability 
and Ownership

When team members collabo-
rate, there is a heightened sense of 
accountability and ownership of the 
project. Each member understands 
their role and how their contribu-
tions impact the overall success of 

the design. This sense of responsibility fosters 
a more committed and motivated team, lead-
ing to higher-quality outcomes and a greater 
likelihood of project success.

The benefits of effective collaboration in 
PCB design are significant in many aspects. 
Improved design quality by collaborative 
efforts results in more robust and optimized 
designs. Shared expertise and collective prob-
lem-solving lead to higher-quality outcomes. 
By streamlining the design process and mini-
mizing iterations, collaboration brings prod-
ucts to market faster. This is crucial in the 
highly competitive electronics industry. Cost 
efficiency through early error detection and 
resolution reduces the need for costly rede-
signs and re-work. Efficient resource utiliza-
tion and parallel task execution also contribute 
to cost savings. Lastly, one of the most crucial 
benefits of collaboration pertains to communi-
cation.

For years, the industry phrase, “Communi-
cation, communication, communication,” has 
continued to be amplified and stressed when 
it comes to industry best practices in success-
ful PCB design. You cannot have too much 
communication during a project design cycle. 
Enhanced documentation and communica-
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tion between all stakeholders (both internal 
and external) regarding multi-domain and 
multidiscipline integrations and collaboration 
ensures that all team members and stakehold-
ers are on the same page and that the design 
intent is clearly conveyed to manufacturing.

To foster effective collaboration in PCB 
design, organizations can adopt several strate-
gies.

Utilize collaborative software tools
Modern PCB design tools, such as Siemens 

Xpedition and PADS Professional, Cadence 
Allegro and OrCAD, Altium Designer, and 
Zuken, offer collaborative features, including 
version control, real-time commenting, and 
shared workspaces. These tools enable mul-
tiple designers to work on the same project 
simultaneously.

Implement version control systems (VSCs)
Version control systems allow teams to track 

changes, manage revisions, and collaborate 
more effectively. They ensure that everyone 
is working with the latest design files and can 
easily revert to previous versions if needed.

Encourage cross-functional teams
Bringing together engineers from different 

disciplines—such as electrical, mechanical, 
and software engineering—ensures that all 
aspects of the design are considered. Cross-
functional teams can identify potential issues 
early and propose comprehensive solutions.

Conduct regular design reviews
Scheduled design reviews involving all stake-

holders help in the early detection of potential 
problems. These reviews provide a platform 
for feedback, ensuring that the design meets 
all requirements and standards.

Leverage cloud-based platforms
Cloud-based design platforms facilitate 

remote collaboration, enabling team members 

to work together regardless of their physical 
location. These platforms offer centralized data 
storage, easy access to design files, and seam-
less integration with other tools.

Foster a collaborative culture
Creating a culture that values teamwork, 

open communication, and mutual respect is 
essential for successful collaboration. Encour-
aging team members to share ideas and pro-
vide constructive feedback enhances the over-
all design process.

Collaboration is indispensable in PCB 
design, bringing numerous advantages that 
enhance the innovation, quality, and efficiency 
of the design process. Embracing collaboration 
transforms the PCB design process from a soli-
tary endeavor to a synergistic journey toward 
creating cutting-edge electronic products. 
Collaboration is not just a trend but a necessity 
in today’s fast-paced and complex electronics 
industry.

By leveraging collaborative tools, fostering 
cross-functional teamwork, and encouraging a 
culture of open communication, organizations 
can significantly improve their PCB design pro-
cesses, take advantage of the diverse expertise 
of team members, streamline workflows, and 
accelerate the development of cutting-edge 
electronic products. The result is higher-quality 
designs, reduced time-to-market, and cost sav-
ings, ultimately leading to greater innovation 
and competitiveness in the market. As technol-
ogy continues to evolve, the importance of col-
laboration in PCB design will only grow, mak-
ing it a fundamental aspect of successful elec-
tronic product development.  DESIGN007

Stephen V. Chavez is principal 
technical product marketing 
manager with Siemens EDA 
and chairman of PCEA.
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The characteristic impedance of a transmis-
sion refers to the impedance seen by a driver 
looking down an infinitely long trace. Interest-
ingly, the characteristic impedance is indepen-
dent of trace length. It’s a measure of the ratio 
of inductance to capacitance at any point along 
the trace. Therefore, while trace length matters 
for signal propagation delay, it doesn’t directly 
impact characteristic impedance. When a 
transmission line is perfectly matched to the 

Termination 
Planning

driver and load, the signals propagating elec-
tromagnetic (EM) energy are totally absorbed 
by the load. This is the perfect scenario that 
all electronics designers strive for. However, 
this is rarely the case, and reflections do occur 
whenever the impedance of the transmission 
line changes along its length. Mismatched 
impedance causes signals to reflect back and 
forth along the lines, which causes ringing at 
the load (Figure 1). The ringing reduces the 

Beyond Design
Feature Column by Barry Olney, IN-CIRCUIT DESIGN PTY LTD / AUSTRALIA

Figure 1: Reflections cause over/undershoot and jitter of the signal eye.
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dynamic range of the receiver, eats into the 
noise budget, and can cause false triggering.

As signal rise times become faster, consider-
ation should be given to the propagation time 
and reflections of a routed trace. If the propa-
gation time and reflection from source to load 
are longer than the edge transition time, an 
electrically long trace will exist. If the trans-
mission line is short, reflections still occur 
but they will be overwhelmed by the rising or 
falling edge and may not pose a problem. But 
even if the trace is short, termination may still 
be required if the load is capacitive or highly 
inductive to prevent ringing. Generally, when 
the trace length exceeds one-sixth of the elec-
trical length of the rising edge rate, then termi-
nation is required.

We typically dampen reflections in high-
speed PCB design by using resistive termina-
tions (series or parallel) to match the imped-
ance of the line to the driver. However, I have 

also seen the reflections caused by using a 
driver strength that is too high for the load. 
Driver strengths typically range from 4 mA to 
16 mA. A 16 mA driver is generally required 
for multiple loads—for instance, a DDR4 signal 
driving multiple SODIMM memory cards. In 
this case, the transmission lines are longer and 
the capacitive load higher, so simulation is nec-
essary to confirm the required driver’s current 
strength. To dampen the signal, terminations 
are typically placed on the memory card itself. 
However, if the signal is delivered to only one 
or two onboard memory devices, then the sig-
nal strength can usually be reduced to a mini-
mum of 8 mA to prevent reflections.

With the driver strength set correctly, we need 
to determine if there is a mismatch of imped-
ance. But how do you know the impedance of 
the driver and the transmission line? First, an 
accurate field solver is required to determine 
the impedance of the PCB traces (Figure 2). 

Figure 2: iCD Stackup Planner simulates the trace impedance.
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Then, the source impedance must be extracted 
from the input/output buffer information speci-
fication (IBIS) model of the driver IC. Subtract-
ing the source impedance from the trace char-
acteristic impedance gives the required series 
terminator value.

Unfortunately, drivers do not have the same 
impedance as the transmission line (typically 
10–35 Ω) so series terminations are used to 
balance the impedance, match the line, and 
minimize reflections, particularly on long 
traces. Impedance matching slows down the 
rise and fall times, reduces the ringing (over/
undershoot) of signal drivers, and enhances 
the quality of a high-speed signal.

Now that the impedance of the transmis-
sion line is solved, the next step is to extract 
the driver (source) impedance from the IBIS 
model of the device. But how do you extract 
the source impedance? IBIS models can be 
used to characterize I/V output curves, ris-
ing/falling waveforms and pin parasitics of the 
device packaging. The models’ source imped-
ance should be based on these I/V curves.

I recall a renowned signal integrity expert 

once saying that it is impossible to extract the 
source impedance from the IBIS driver model. 
However, it is possible (otherwise simulators 
would not work), but it is a very time-intensive 
process, and tackling the I/V curves to deter-
mine the impedance should be left to precision 
software to solve (Figure 3).

One also needs to consider the on-die ter-
minations (ODT) for high-speed memory 
devices. Although the termination resistors 
on the motherboard reduce some reflections 
on the signal lines, they are unable to prevent 
reflections resulting from the stub lines that 
connect to the components on the module 
card. As you can see, the Micron DDR4 device 
has various termination options, and each of 
these will result in a different waveform at the 
load.

On-die terminations can be used with some 
memory devices to match the transmission line 
and dampen the reflections. Incorporating a 
resistive termination within the DRAM device 
improves the signaling environment by reduc-
ing the electrical discontinuities introduced 
with off-die termination. DDR4 and DDR5 

Figure 3: Micron 4 Gb DDR4-3200 SDRAM with ODT. (Source: iCD Termination Planner)
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technology, like DDR3, include ODT on the 
data I/O pins. This feature is controlled by the 
ODT pin and consumes additional power when 
activated. The ODT and the output driver on 
DDR4 devices include additional mode register 
settings over the previous DRAM to increase 
system flexibility and optimize signal integrity. 
The ODT impedance can vary from 34-240 Ω 
in receive mode and 34-48 Ω in transmit mode 
in Figure 3. DDR4 signal-ended signals are nor-
mally routed on 40 Ω transmission lines, so for 
short trace lengths, with one load a 40 Ω ODT 
is perfect. However, since the ODT and driver 
strength are software-selectable, one can vali-
date and tune the strength during the testing 
phase of development.

In the above case, the trace impedance is 
39.99 Ω, and with one load the signal requires 
a 4.99 Ω series termination resistor to match 
the driver to the load. However, if there is 
more than one load (memory device), then the 
driving signal will need to rise faster. Hence, it 
will require a slightly smaller value of the series 
resistor.

I’m not aware of any current PCB design 
tool that can determine the driver source 
impedance and, hence, accurately calculate 
the required series terminator. This is nor-
mally delegated to expensive simulation soft-
ware. So, in this case, having a field solver is 
of little use without the other half of the equa-
tion. However, the iCD Termination Planner 
and field solver are delivered as part of iCD’s 
Stackup Planner offering.

Key Points
• Characteristic impedance is independent 

of trace length.
• When a transmission line is perfectly 

matched to the driver and load, the signals 
propagating electromagnetic (EM) energy 
are totally absorbed by the load.

• Mismatched impedance causes signals 
to reflect back and forth along the lines, 
which causes ringing at the load.

• If the propagation time and reflection from 
source to load are longer than the edge 
transition time, an electrically long trace 
will exist.

• We typically dampen reflections in high-
speed PCB design by using resistive ter-
minations (series or parallel) to match the 
impedance of the line to the driver.

• Reflections are caused by using a driver 
strength that is too high for the load.

• Subtracting the source impedance from 
the trace characteristic impedance gives 
the required series terminator value.

• Series terminations are used to balance the 
impedance, match the line, and minimize 
reflections, particularly on long traces.

• The models’ source impedance should be 
based on the I/V curves.

• On-die terminations can be used with 
some memory devices to match the trans-
mission line and dampen the reflections.

• Having a field solver is of little use without 
the other half of the equation—a termina-
tion planner.  DESIGN007

Resources 
• Beyond Design: “Reflecting on Reflections,” 

“Terminations,” by Barry Olney

Barry Olney is managing direc-
tor of In-Circuit Design Pty Ltd 
(iCD), Australia, a PCB design 
service bureau that special-
izes in board-level simulation. 
The company developed the 
iCD Design Integrity software 
incorporating the iCD Stackup, 

PDN, and CPW Planner. The software can be down-
loaded at www.icd.com.au. To read past columns, 
click here.
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Big Win for Defense Production Act 
Budget Allocation in FY24 Budget E
The U.S. FY24 budget allocations passed 
with a whopping $874.2 billion approved in 
defense spending, including $587.9 million 
for all Defense Production Act (DPA) pur-
chases.  In this interview, Rich Cappetto dis-
cusses this big budget win, the difficult pro-
cess to get there, and what to expect in the 
coming months. 

USPAE to Springboard U.S. Technology 
Forward E
The proposed USPAE’s Printed Circuit Board 
Market Catalyst program is a unique public-
private partnership (PPP) designed to deliver 
five core benefits to the U.S. industry and gov-
ernment: UHDI capability; catalyze demand 
for UHDI; technology transfer to U.S. compa-
nies; workforce development; delivering leap-
frog technologies.

Boeing Validates Software 
for Future Manned Unmanned 
Refueling Missions E
Boeing has advanced its manned-unmanned 
teaming (MUM-T) technology. The testing 
shows the software is maturing for future U.S. 
Navy use and a potential to deploy on both 
F/A-18 Block II and III Super Hornets.

U.S. Air Force Secretary Kendall Flies 
in AI-Piloted X-62A VISTA E
Lockheed Martin Skunk Works joined the U.S. 
Air Force Test Pilot School and other govern-
ment and industry partners in hosting U.S. 
Secretary of the Air Force Frank Kendall to 

fly in the X-62A Variable In-flight Simulation 
Test Aircraft (VISTA), a one-of-a-kind aircraft 
modified to test artificial intelligence (AI) and 
autonomy capabilities.

Airbus Expands its Earth Observation 
Constellation with Pléiades Neo Next E
Airbus has launched the Pléiades Neo Next 
programme to expand its very high resolution 
Earth observation constellation. This new pro-
gramme will result in new satellite assets and 
capabilities, including enhanced native resolu-
tion.

QinetiQ Achieves UK’s First Jet-to-Jet 
Teaming Between Aircraft and 
Autonomous Drone E
QinetiQ has successfully trialled the UK’s first 
Crewed-Uncrewed-Teaming demonstration 
between a crewed aircraft and an autonomous 
jet drone. QinetiQ’s Airborne Command and 
Control for Swarm Interoperable Missions 
(ACCSIOM) technology, allows the drone to 
communicate using the standard NATO Link 
16 datalink. 

Redwire Announces Development 
of New European-Built Very Low Earth 
Orbit (VLEO) Spacecraft Platform 
called Phantom E
Redwire Corporation announced Phantom, a 
new European Very Low Earth Orbit (VLEO) 
spacecraft platform. Phantom is designed to 
carry out a wide array of intelligence, Earth 
science, and communications missions. Phan-
tom joins Redwire’s American-built VLEO 
spacecraft platform, SabreSat.

https://iconnect007.com/article/140479/big-win-for-defense-production-act-budget-allocation-in-fy24-budget/140476/milaero
https://iconnect007.com/article/140557/uspae-to-springboard-us-technology-forward/140554/milaero
https://iconnect007.com/article/140605/boeing-validates-software-for-future-manned-unmanned-refueling-missions/140602/milaero
https://iconnect007.com/article/140637/us-air-force-secretary-kendall-flies-in-aipiloted-x62a-vista/140634/milaero
https://iconnect007.com/article/140539/airbus-expands-its-earth-observation-constellation-with-pliades-neo-next/140536/milaero
https://iconnect007.com/article/140541/qinetiq-achieves-uks-first-jettojet-teaming-between-aircraft-and-autonomous-drone/140538/milaero
https://iconnect007.com/article/140732/redwire-announces-development-of-new-europeanbuilt-very-low-earth-orbit-vleo-spacecraft-platform-called-phantom/140729/milaero
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What does true collaboration look like 
between design, fab, assembly, and 
component provider?
In true collaboration, early BOMs are cleared 
with the supply chain, and are re-cleared at 
intervals throughout the design process—
and not just for exotic parts. Sometimes pas-
sives and other common parts have issues too. 
Supply chain may also know about new and 
upcoming parts that could simplify a design. 
Fab and assembly should be used from the start 
for ground rules. Complex footprints or pack-
ages must be run past both fab and assembly 
for layout and manufacturing considerations.

After the supply chain snafu a few years 
back, it seems like a no-brainer to keep your 
component supplier in the loop. Do you think 
designers are communicating more now with 
the component folks?

Not really. Even during the worst of the 
troubles, engineers would often pick 
components without thought to avail-
ability. A tweak or redesign based on 
availability was too often a last resort 
and probably still is. The draw of a hot 
new MCU or such always seems to over-
ride the fact that more than prototype 
quantities are a year away.

Since some designers still collaborate 
very little, if at all, with their down-
stream partners, what is the first step 
toward setting up the ideal collabora-
tion culture with fab, assembly, and 
component stakeholders?
It’s not likely to change unless manu-
facturing and supply chain are treated 
as equals to design—starting back in 
school. I am of the mindset that engi-
neering students should not have a parts 
drawer to dig through. They need to 
be taught to order and talk with sup-
ply, fab, and assembly for even the sim-
plest designs. Senior engineers mentor-
ing newcomers need to upgrade their  

thinking. It’s a new world, and “design” needs 
to encompass far more than just connecting 
pins.

Is there anything you’d like to add, Duane?
Today and tomorrow’s world of software 
defines everything, AI everywhere, and the 
vast proliferation of specialized components 
has given designers so many options. But  
you must remember: If you can’t buy it or  
solder it, that new advanced part may as well 
not exist.

Thanks for speaking with me, Duane.
Thank you, Andy.  DESIGN007

Duane Benson
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With the rapid advancements in modern 
technology, a new era of PCB design is emerg-
ing, which includes the use of artificial intelli-
gence (AI) and machine learning (ML). AI and 
ML have been all the rage in the news as they 
are becoming indispensable tools across vari-
ous industries. Integrating AI and ML into the 
PCB design process not only elevates work-
flows and processes but also enhances the reli-
ability and performance of products developed 
by the electronics industry.

For decades now, PCB designers could be 
seen spending countless hours grueling over 

Artificial Intelligence 
in PCB Design

the meticulous and time-consuming process 
of designing the latest PCBs. Often, the design 
could involve multiple iterations to achieve a 
product’s desired performance and function-
ality. However, with new advancements in AI 
and ML, the PCB design landscape is being 
completely transformed by automating several 
aspects of the design process. AI algorithms 
can analyze large amounts of data from previ-
ous designs and apply previously taken infor-
mation to developing projects. AI algorithms 
can suggest optimal layout designs, component 
placements, and routing paths. Using these 

The New Chapter
by Hannah Grace, TEXAS INSTRUMENTS





50    DESIGN007 MAGAZINE   I   JUNE 2024

algorithms not only speeds up the design pro-
cess two-fold but also reduces the likelihood 
of significant errors. Reducing the likelihood 
of errors that may be common in modern PCB 
design today can result in more reliable PCBs 
in the future.

Component placement and electrical con-
nection routing are some of the most critical 
challenges PCB designers have to face when 
designing modern PCBs. These tasks require 
careful consideration of various internal and 
external factors, which include thermal man-
agement, electromagnetic interference, and 
signal integrity concerns. Evaluating these 
factors from a designer perspective can take a 
significant portion of the designer’s time and 
energy. But with new 
AI-driven tools,  
these factors can  
b e  e v a l u a t e d  i n  
real-time, while providing  
designers optimal sugges-
tions for routing and compo-
nent placement. With ML’s  
ability to learn from each  
design iteration, continuous  
i m p r o v e m e n t  a n d  t i m e  s av i n g s  a r e  
inevitable. ML algorithms are helping design-
ers now achieve more effective and efficient 
layouts.

An important task for the PCB designer is 
analyzing the reliability of their PCB in the 
making. As well as component placement and 
routing, AI and ML are playing a crucial role 
in elevating the reliability of PCBs. Machine 
learning is leading the way in predictive reli-
ability analysis to identify potential pressure 
points of failure in a PCB design. ML does this 
by analyzing previously taken data from past 
projects and incorporating the environment 
of the PCB being used in a real-world setting. 
By using this setting, designers can address 
potential issues before the product is released 
into production, which significantly reduces 
the risk of failures occurring in the system in 
the future. Artificial intelligence, on the other 

hand, simulates a real-world environment 
through stress scenarios and various operating 
conditions. AI simulations like these can pro-
vide insights into how the PCB will perform 
under different load conditions.

One of the most critical aspects of PCB design, 
which usually occurs through the design pro-
cess, are the design rule checks (DRCs), which 
are essential when ensuring that a design will 
meet manufacturing tolerances and standards. 
For decades, these checks have been typically 
performed manually, which makes them more 
prone to error and can be a significantly time-
consuming process. With the help of AI-driven 
algorithms, DRCs are becoming a quicker and 
much simpler process. AI algorithms can auto-

mate DRCs, unlike the manu-
ally performed previous 
DRCs, which help to quickly 
identify potential DRC vio-
lations. AI is not only help-

ing to identify the DRC 
violations, but also 
suggesting potential 
corrections to make 

to fix these violations. Through these 
algorithms, the design process is speeding 
up, and the reliability and accuracy of final 

products are enhanced.
Integrating AI and ML into current PCB 

design improves previous processes and designs 
and makes way for new product development 
and innovation. With AI and ML, designers can 
explore new materials through simulations, cre-
ate novel design architectures, and create com-
plex layouts with ease. AI allows for the integra-
tion of advanced device features inside simula-
tions, which pushes the boundaries of modern 
PCB design.

Like any other modern technology, AI and 
ML are growing and evolving. Their role is 
expected to expand and develop in the PCB 
design industry. Advances in AI would include 
complex predictive modeling, fully autono-
mous design systems, and enhanced collabo-
ration tools. These advances could enable the 

Like any other modern 
technology, AI and 

ML are growing 
and evolving.
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vent many headaches and costly delays. Lami-
nation is a required step in the manufacture of 
multilayer boards, and preparing for this step 
requires a basic understanding of the materials 
and processes used.

So far, this column has covered everything 
from CAD tools to CAM preparation, as well 
as materials and imaging. This time, I’ll dive 
into the specifics and discuss the stacking and 
lamination process for multilayer PCBs.

Registration and Stacking
The goal of the registration process in PCB 

manufacturing is to accurately align the drill 
holes to the copper pads across multiple layers 
of the board. The correct alignment of these 
layers is critical because the through-holes 
must align perfectly to connect the intended 
paths without creating an unreliable connec-

As many of you have likely figured out, I am 
quite passionate about the subject of designing 
PCBs for the reality of manufacturing. I wrote 
a book about it and I participate in an I-Con-
nect007 On the Line with… podcast series ded-
icated to the subject.

This companion article will focus on multi-
layer lamination, keeping the bigger picture in 
mind: Realistic PCB designs should prioritize 
manufacturability and reliability of the PCB 
as well as meet the other design requirements. 
So, one must account for the production vari-
ables associated with individual manufactur-
ing partners.

Why the Lamination Process 
Is So Important

When designing for manufacturability, 
understanding the lamination process can pre-

Designing for Reality:
Lamination and Materials

Connect the Dots
by Matt Stevenson, SUNSTONE CIRCUITS

https://iconnect007.com/my-i-connect007/books/dfr
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Article by Anaya Vardya
AMERICAN STANDARD CIRCUITS

Ultra high-density interconnect (UHDI) 
technology typically refers to advanced printed 
circuit board (PCB) manufacturing techniques 
that allow for a higher density of electronic 
components and interconnections within a 
smaller area. While not directly related to 
medical applications on its own, UHDI tech-
nology can indirectly benefit various medical 
devices and equipment by enabling smaller, 
more compact designs with increased func-
tionality and performance.

UHDI FUNDAMENTALS:

UHDI Applications 
for Medical Devices

Here are some ways UHDI technology could 
be applied in the medical field:

Medical imaging devices: UHDI technology 
can be used to create smaller and more intri-
cate circuitry for devices such as ultrasound 
machines, MRI scanners, and CT scanners. 
This allows for improved image quality, faster 
processing, and more compact designs, which 
can enhance diagnostic capabilities and patient 
comfort. 
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I have been working with 
Nolan Johnson on a podcast 
series about designing PCBs 
for the reality of manufac-
turing. By sharing lessons 
learned over a long career in 
the PCB industry, we hope to 
shorten learning curves and help designers produce 
better boards with less hassle and rework. Episode 2 
deals with the electronic pre-manufacturing process.

The Del Mar Electronics and Manufac-
turing Show (DMEMS) in Del Mar, 
California, recently took place at 
an unlikely venue: the Del Mar Fair-
grounds. The show covers everything 
in electronics manufacturing: design 
tools, components, base materials, 
training, testing, board fabrication, 
AI, data analytics, and more.

Materials used for the fab-
rication of multilayer PCBs 
absorb high frequencies and 
reduce edge rates. That loss 
in the transmission line is a 

major cause of signal degradation. However, not 
all of us are designing cutting-edge boards and 
sometimes we tend to over-specify requirements 
that can lead to inflated production costs.

Ansys announced that at the 
special meeting of stockholders 
held earlier today, its stockholders 
voted to approve the proposed 
acquisition of Ansys by Synopsys, 
Inc. Under the terms of the merger 
agreement, Ansys stockholders 
will receive $197.00 in cash and 

0.3450 shares of Synopsys common stock for each 
Ansys share they own, representing an enterprise value 
of approximately $35 billion based on the closing price 
of Synopsys common stock on December 21, 2023.

This APEX EXPO was bigger 
than ever, with more activi-
ties, Professional Development 
Courses, standards committee 
meetings, and the 16th Elec-
tronic Circuits World Conven-
tion. I really enjoyed walking 
around and seeing everything 
the show had to offer.

The world of PCB materials used 
to be a fairly simple one. It was 
divided into two groups: the “tra-
ditional” laminates, often called 
FR-4, and the high-speed lami-
nates developed especially for 
high-speed PCBs. These were two 
worlds that usually didn’t collide.

For the latest news and information, visit PCBDesign007.com

Beyond Design: Dielectric Material 
Selection Guide

The 2024 Del Mar Electronics 
and Manufacturing Show

Connect the Dots: Designing for 
Reality—The Pre-manufacturing Process

The Shaughnessy Report: 
Unlock Your High-speed 
Material Constraints

Ansys Stockholders Approve Transaction 
with Synopsys

Delving Into Special 
Sessions at IPC APEX 
EXPO 2024

https://iconnect007.com/landing/design
https://iconnect007.com/article/140870/beyond-design-dielectric-material-selection-guide/140867/design 
https://iconnect007.com/article/140775/a-review-of-the-2024-del-mar-electronics-and-manufacturing-show/140772/design 
https://iconnect007.com/article/140680/connect-the-dots-designing-for-realitythe-premanufacturing-process/140677/design 
https://iconnect007.com/article/140761/the-shaughnessy-report-unlock-your-highspeed-material-constraints/140758/design 
https://iconnect007.com/article/140890/ansys-stockholders-approve-transaction-with-synopsys/140887/design 
https://iconnect007.com/article/140932/delving-into-special-sessions-at-ipc-apex-expo-2024/140929/design 
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PCB Process Engineers
and Field Sales Engineers 

Are you passionate about driving inno-
vation in the PCB industry? At Amitron, 
we’re redefining manufacturing with cut-
ting-edge technology and a commitment 
to reinvention. We invite you to be at the 
forefront of this revolution.

State-of-the-Art Manufacturing: Amitron 
is not just a PCB manufacturing facility; 
it’s a hub of modernized excellence. Our 
advanced facility is equipped with the lat-
est technologies, offering an environment 
where your expertise can flourish.

Innovative Solutions, Endless Opportu-
nities: Join our dynamic team and be part 
of a culture that celebrates creativity and 
forward-thinking.

We are seeking skilled and motivated 
Process Engineers and Field Sales Engi-
neers to join our team. Whether you’re an 
experienced professional or a rising star 
in the PCB industry, Amitron values diver-
sity and welcomes the unique perspec-
tives each team member brings.

Become a pioneer in tomorrow’s PCB 
technology with Amitron. Your journey 
towards shaping the future of the PCB 
industry starts here. Send your resume to 
jobs@amitron.com and be a catalyst for 
change in PCB manufacturing. 

Amitron: Where the future of PCB tech-
nology is shaped by those who dare to 
innovate!

Service Engineer 
Join the Schmoll America Team as a Service 

Engineer—Where Innovation Meets Customer 
Excellence! 

Are you a technical mastermind with a pas-
sion for solving complex problems and delivering 
exceptional customer experiences? Look no fur-
ther than Schmoll America!

As a Service Engineer, you’ll be the driving 
force behind our customers’ success, providing 
top-notch technical support and maintenance ser-
vices for our PCB industry-leading equipment.  
What you’ll do: 
• Install, commission, and maintain Schmoll 
   equipment at customer sites
• Troubleshoot and repair equipment with ease 
   and precision
• Provide technical training and tailored 
   applications solutions to customers 
What we offer: 
• A dynamic and supportive work environment 
   where your voice matters
• Opportunities for professional growth and 
   development in a cutting-edge industry
• A competitive salary and benefits package
• The satisfaction of knowing you’re making a 
   real difference in our customers’ lives 
What we’re looking for: 
• Engineering degree preferred
• 3+ years of experience in an engineering role
• Strong technical knowledge of electrical and 
   mechanical systems
• Excellent problem-solving and analytical skills
• Willingness to travel (up to 75%) to customer 
   sites and HQ in Germany 

If you’re a motivated professional looking for a 
challenging and rewarding role, we want to hear 
from you! Please submit your resume and cover 
letter to HR@SchmollAmerica.com.

https://www.schmollamerica.com
mailto:HR@schmollamerica.com?subject=Service Engineer help wanted ad seen in Design007
https://amitron.com
mailto:jobs@amitron.com?subject=Help Wanted ad seen in Design007
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Account Manager
Eastern United States Territory

EMX US Inc. is currently in search of an 
account manager for the Eastern United 
States territory. We are looking for a motivated 
individual to manage accounts, develop sales 
activity within the territory, and provide excel-
lent customer support.

Key Responsibilities
•  Support existing sales logistically and 
    commercially
• Provide field assistance to distribution 
    accounts
• Liaise with suppliers
• Grow sales through increased market 
    share and the conversion of new business 
    opportunities into sales
• Develop and maintain account plans to 
    achieve sales targets and objectives
• Forecast sales projections and provide 
    regular reports on market activity
• Regular travel within the territory is 
    required

Experience
Ideal candidate has technical sales experi-
ence in the PCB industry.

About EMX US Inc.
EMX US Inc. is a distributor of consumable 
materials to the US printed circuit board 
industry. We strive to provide unparalleled 
service and support to our customers. EMX 
US Inc. is located in Manchester, NH.

Please submit inquiries to 
careers@emxus.com

Europe Technical Sales Engineer
Taiyo is the world leader in solder mask products 

and inkjet technology, offering specialty dielectric 
inks and via filling inks for use with microvia and 
build-up technologies, as well as thermal-cure and 
UV-cure solder masks and inkjet and packaging inks. 

PRIMARY FUNCTION:
1. To promote, demonstrate, sell, and service 
   Taiyo’s products 
2. Assist colleagues with quotes for new 
    customers from a technical perspective
3. Serve as primary technical point of contact 
    to customers providing both pre- and 
    post-sales advice
4. Interact regularly with other Taiyo team mem-
    bers, such as: Product design, development,  

        production, purchasing, quality, and senior com-
    pany managers from Taiyo group of companies

ESSENTIAL DUTIES:
1. Maintain existing business and pursue new 
    business to meet the sales goals
2. Build strong relationships with existing and 
    new customers
3. Troubleshoot customer problems
4. Provide consultative sales solutions to 
    customer’s technical issues
5. Write monthly reports
6. Conduct technical audits
7. Conduct product evaluations

QUALIFICATIONS / SKILLS:
1. College degree preferred, with solid 
    knowledge of chemistry
2. Five years’ technical sales experience, 
    preferably in the PCB industry
3. Computer knowledge
4. Sales skills
5. Good interpersonal relationship skills
6. Bilingual (German/English) preferred

To apply, email: BobW@Taiyo-america.com  
with a subject line of “Application for  

Technical Sales Engineer”.

https://www.emx.ca
mailto:careers@emxus.com?subject=Account Manager job seen in Design007
https://taiyo-america.com
mailto:BobW@taiyo-america.com?subject=Europe Technical Sales Engineer ad seen at Design007
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Rewarding Careers
Take advantage of the opportunities we 

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

The Test Connection, Inc. is a test engi-
neering firm. We are family owned and oper-
ated with solid growth goals and strategies. 
We have an established workforce with sea-
soned professionals who are committed to 
meeting the demands of high-quality, low-
cost and fast delivery.

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

Associate Electronics Technician/
Engineer (ATE-MD)

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

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

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

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

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

Sr. Test Engineer (STE-MD)
The Test Connection, Inc. is a test engineering firm. 

We are family owned and operated with solid growth 
goals and strategies. We have an established work-
force with seasoned professionals who are committed 
to meeting the demands of high-quality, low-cost and 
fast delivery.

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

• Candidate would specialize in the development 
    of in-circuit test (ICT) sets for Keysight 3070 
    (formerly Agilent & HP), Teradyne/GenRad, and 

Flying Probe test systems.
• Strong candidates will have more than five years 

of experience with in-circuit test equipment. 
Some experience with flying probe test 

    equipment is preferred. A candidate would 
develop, and debug on our test systems and 
install in-circuit test sets remotely online or at 
customer’s manufacturing locations nationwide.

• Proficient working knowledge of Flash/ISP 
    programming, MAC Address and Boundary 
    Scan required. The candidate would also help 

support production testing implementing 
    Engineering Change Orders and program 

enhancements, library model generation, 
    perform testing and failure analysis of 
    assembled boards, and other related tasks. 
    An understanding of stand-alone boundary 
    scan and flying probe desired.
• Some travel required. Positions are available in 

the Hunt Valley, Md., office.

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

https://ttci.com
https://ttci.com
mailto:careers@ttci.com?subject=want ad listing seen in Design007
mailto:careers@ttci.com?subject=want ad listing seen in Design007
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IPC Instructor
Longmont, CO  

This position is responsible for delivering effec-
tive electronics manufacturing training, including 
IPC certification, to adult students from the electron-
ics manufacturing industry. IPC Instructors primarily 
train and certify operators, inspectors, engineers, 
and other trainers to one of six IPC certification pro-
grams: IPC-A-600, IPC-A-610, IPC/WHMA-A-620, 
IPC J-STD-001, IPC 7711/7721, and IPC-6012.

IPC instructors will primarily conduct training 
at our public training center in Longmont, Colo., 
or will travel directly to the customer’s facility. It is 
highly preferred that the candidate be willing to 
travel 25–50% of the time. Several IPC certifica-
tion courses can be taught remotely and require no 
travel or in-person training.

Required: A minimum of 5 years’ experience in 
electronics manufacturing and familiarity with IPC 
standards. Candidate with current IPC CIS or CIT 
Trainer Specialist certifications are highly preferred.

Salary: Starting at $30 per hour depending 
   on experience

Benefits:
• 401k and 401k matching
• Dental and Vision Insurance
• Employee Assistance Program
• Flexible Spending Account
• Health Insurance
• Health Savings Account
• Life Insurance
• Paid Time Off

Schedule: Monday thru Friday, 8–5

Experience: Electronics Manufacturing: 
   5+ years (Required)

License/Certification: IPC Certification–
   Preferred, Not Required

Willingness to travel: 25% (Required)

Sales Representatives 
Prototron Circuits, a market-leading, quick-
turn PCB manufacturer located in Tucson, 
AZ, is looking for sales representatives for 
the Utah/Colorado, and Northern California 
territories. With 35+ years of experience, 
our PCB manufacturing capabilities reach 
far beyond that of your typical fabricator. 

Reasons you should work with Prototron:
• Solid reputation for on-time delivery 
   (98+% on-time)
• Capacity for growth
• Excellent quality
• Production quality quick-turn services 
    in as little as 24 hours
• 5-day standard lead time
• RF/microwave and special materials
• AS9100D
• MIL-PRF- 31032
• ITAR
• Global sourcing option (Taiwan)
• Engineering consultation, impedance 
    modeling
• Completely customer focused team

Interested? Please contact Russ Adams 
at (206) 351-0281 

or russa@prototron.com.

https://www.blackfox.com
mailto:corinnev@blackfox.com?subject=IPC Instructor job seen at Design007
https://www.prototron.com
mailto:russa@prototron.com?subject=Sales Rep ad seen in Design007
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Technical Marketing Engineer 
EMA Design Automation, a leader in prod-
uct development solutions, is in search of 
a detail-oriented individual who can apply 
their knowledge of electrical design and 
CAD software to assist marketing in the 
creation of videos, training materials, blog 
posts, and more. This Technical Marketing 
Engineer role is ideal for analytical problem-
solvers who enjoy educating and teaching 
others.  
Requirements:
• Bachelor’s degree in electrical 
   engineering or related field with a basic 
   understanding of engineering theories 
   and terminology required
• Basic knowledge of schematic design, 
   PCB design, and simulation with 
   experience in OrCAD or Allegro 
   preferred
• Candidates must possess excellent 
   writing skills with an understanding of 
   sentence structure and grammar
• Basic knowledge of video editing and 
   experience using Camtasia or Adobe 
   Premiere Pro is preferred but not 
   required
• Must be able to collaborate well with 
   others and have excellent written and 
   verbal communication skills for this 
   remote position 
EMA Design Automation is a small, family- 
owned company that fosters a flexible,  
collaborative environment and promotes 
professional growth. 
Send Resumes to: resumes@ema-eda.com

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

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

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

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

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

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

https://www.ema-eda.com
mailto:resumes@ema-eda.com?subject=Technical Marketing Engineer job seen in Design007
https://www.arlonemd.com
https://www.arlonemd.com/contact-arlon/careers-at-arlon/
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Are You Our Next 
Superstar?!

 
Insulectro, the largest national 

distributor of printed circuit board 
materials, is looking to add super-
stars to our dynamic technical and 
sales teams. We are always look-
ing for good talent to enhance our 
service level to our customers and 
drive our purpose to enable our 
customers to build better boards 
faster. Our nationwide network 
provides many opportunities for  
a rewarding career within our 
company.  

We are looking for talent with 
solid background in the PCB or PE 
industry and proven sales experi-
ence with a drive and attitude that 
match our company culture. This 
is a great opportunity to join an 
industry leader in the PCB and PE 
world and work with a terrific team 
driven to be vital in the design and 
manufacture of future circuits.

Field Service Technician
MivaTek Global is focused on providing a 

quality customer service experience to our 
current and future customers in the printed 
circuit board and microelectronic industries.  
We are looking for bright and talented people 
who share that mindset and are energized by 
hard work who are looking to be part of our 
continued growth.

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

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

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

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

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

https://insulectro.com
https://jobs.jobvite.com/insulectro/jobs
https://mivatek.global/industries/
mailto:N.Hogan@mivatek.global?subject=Field Service Technician ad seen in Design007
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Become a Certified IPC 
Master Instructor

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

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

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

CAD/CAM Engineer
Summary of Functions

The CAD/CAM engineer is responsible for reviewing cus-
tomer supplied data and drawings, performing design rule 
checks and creating manufacturing data, programs, and 
tools required for the manufacture of PCB.

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

Organizational Relationship
Reports to the engineering manager. Coordinates activi-

ties with all departments, especially manufacturing.  

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

Physical Demands
Ability to communicate verbally with management and 

coworkers is crucial. Regular use of the telephone and e-mail 
for communication is essential.  Sitting for extended periods 
is common. Hearing and vision within normal ranges is help-
ful for normal conversations, to receive ordinary information 
and to prepare documents.

https://www.eptac.com
https://www.eptac.com/about-us/careers
https://asc-i.com
mailto:HR@asc-i.com?subject=Help wanted ad seen in Design007
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Flex and Rigid-Flex Fundamentals 
by Anaya Vardya and David Lackey, American Standard Circuits
Flexible circuits are rapidly becoming a preferred interconnection technology for elec-
tronic products. By their intrinsic nature, FPCBs require a good deal more understanding 
and planning than their rigid PCB counterparts to be assured of first-pass success.

Our library is open 24/7/365. Visit us at: I-007eBooks.com

Thermal Management with Insulated Metal Substrates, Vol. 2 
by Didier Mauve and Robert Art, Ventec International Group
This book covers the latest developments in the field of thermal management, particularly 
in insulated metal substrates, using state-of-the-art products as examples and focusing on 
specific solutions and enhanced properties of IMS. Add this essential book to your library.

Designing for Reality 
by Matt Stevenson, Sunstone Circuits
Based on the wisdom of 50 years of PCB manufacturing at Sunstone Circuits, this book is a 
must-have reference for designers seeking to understand the PCB manufacturing process 
as it relates to their design. Designing for manufacturability requires understanding the 
production process fundamentals and factors within the process. Read it now!

Manufacturing Driven Design
by Max Clark, Siemens
This book introduces a new process workflow for optimizing your design called Manufac-
turing Driven Design (MDD) and is a distinct evolution from DFM. Manufacturing certainly 
plays a critical role in this process change, and manufacturers do certainly benefit from the 
improved process, but it is design teams that ultimately own their overall product workflow; 
they are the ones who need to drive this shift. Get empowered now!

https://iconnect007.com/mdd
https://iconnect007.com/dfr
https://iconnect007.com/tm2
https://iconnect007.com/flex-rigid
https://iconnect007.com/i007e/ebooks
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