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. CiIPC, STANDARD DESIGN LINE

_ IPC Standards:
Ticket to a Safe Passage

Feature Interview by the I-Connect007 Editorial Team

John Watson, CID, is a customer success
manager with Altium who also teaches
PCB design at Palomar College in Carlsbad,
California. He’s noticed that most of his stu-
dents are primarily new to the industry and
not familiar with IPC standards. In his classes,
he teaches how to use these standards while
trying to help students access the documents
more easily.

When we met with John, we asked him
to talk about the importance of understand-
ing IPC standards, the price you’ll pay if you
decide not to follow them, and his plans for
getting new designers on board with standards
as early as possible in their careers.
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Andy Shaughnessy: John, many of your
students have never had an introduction to
IPC standards and don’t know why they
could help them with their designs. Where
is the disconnect?

True, but there’s an underlying issue. There’s
another group of designers who don’t follow
any standards. When I ask them what stan-
dard they’re following, they respond that they
don’t follow standards. But that’s like build-
ing a house with no measuring tape. I look at
PCB design and manufacturing as an all-in-one
package, where it’s combined with a fabrica-
tion drawing and an assembly drawing; it’s a
contract and bill for services.






IPC standards are the drivers of the fabrica-
tion process. They guide designers and explain
what they should be doing. When I ask these
designers why they don’t use them, often
they’ll say, “I want to reinvent the wheel.” I'll
tell them, “Do you know how difficult that is?
You have an entire system and structure here
of standards that have been developed through
experts in the industry, and you want to ignore
them?”

Barry Matties: At the very least, that
unnecessarily elevates risk.

That’s right. You’re asking a fab house to build
a board not based on any guidelines. If you
don’t aim for anything, you’re bound to hit it.
That’s what can hap-

pen if you don’t have *
a guideline to direct

you when you're
designing the PCB. It’s

a recipe for failure.

Matties: Why aren’t these
designers following the
standards? Do they see
them as being too expen-
sive, or maybe they don’t
know how to access what
they need?

Pricing may be an issue, but
it doesn’t explain the whole
problem. We must do a better
job of exposing new designers to
IPC standards. When I started my PCB
design career 25 years ago, I took a course
at Palomar College (where I’'m now teaching),
and the very first thing my fantastic instruc-
tor Bill Brooks did was hand us IPC standards.
It was my introduction to the whole area of
standards, and everything developed from
there.

Let’s be honest: IPC standards are not excit-
ing reading. It’s not like you curl up on the sofa
with a glass of wine and an IPC standard, but it
is important reference material; designers must
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We must
do a better
job of
exposing new
designers to
IPC standards.

understand what’s in there and where to find
what they need. The standards will guide you.

When a designer says he’s going to reinvent
the wheel and not follow standards, I ask, “Do
you understand that the fab house is following
that standard? That’s their guideline for build-
ing your board and you need to understand
those standards, so you know what the board
shops are expecting.” If we help new design-
ers understand these standards early on, that
would be a big step.

Matties: Essentially, they’re trying to create
their own standard.

They may get their design fabricated, but that
doesn’t make it right. I was talking to a com-
pany recently who told me, “We don’t
really have a standard that we fol-
low. We tried IPC standards, but
it’s not our thing.”

Shaughnessy: Where should
a new designer start with
IPC standards? What’s the

“starter pack,” so to speak?

Start with IPC T-50, which
covers terms and defini-
tions, because you must
understand the termi-
nology involved. It’s
vital that everyone is
on the same page about
terms we’re using and
what those definitions are.
Next is IPC-2221, the basic PCB
design standards. Then I would loop in
IPC-7351 for libraries and IPC-7251 for foot-
prints.

They’re both vital, but I would lean toward
implementing IPC-7351 because the library is
everything. I learned this years ago when I set
up a library and didn’t follow any standards. If
I had followed IPC-7351, I could have avoided
a lot of problems. It gave me the answers I
needed and explained how I should have done
things in the first place.




One company I worked with was having
library issues with only 300 components. I
asked them what they would do when they got
to 50,000 components. I got a view into their
library, and they had set things up based on
default designators. I couldn’t tell what was
what. It was a great example of a company that
wanted to do things their own way. I feel like
I’'m back in the ’60s: “Hey, man, we can go do
our own thing. Cool!”

Shaughnessy: After Woodstock, they should
have all started following standards.

Right. I had the pleasure this past year of sitting
on the steering committee for IPC-2221, and
it was an interesting experience to work with
a roomful of experts. As we went through the
standard, the input from these individuals was
so amazing; we’re capturing real-world expe-
rience and documenting it in the standards.
Everyone should attend one of these meetings,
even if you don’t contribute; just sit and listen
because you can learn a lot from these experts.

Matties: How do you know which standards
you should be aware of and which ones to
investigate? What’s the process for finding
the correct standard?

I use the IPC Standards Tree, which is available
on the website. There are branches for PCB
design, materials, and assembly. This guide
directs and helps me find the standards for that
topic. It’s all there: components, embedded
technology, cleaning, solderability, and sup-
port.

Matties: If you were coming up on a job that
uses a new material, would you first go to IPC
to look at material standards, or would you
go to the vendors? What standards play into
that equation?

I would start with the material itself. What are
the specifics? Then go into, say, slash sheets,
followed by speaking with the vendor. It’s all
part of one big ball of wax that we call infor-
mation. It’s also important to understand the

John Watson

changes that have happened in the industry
because the standard may be a few years old.
Take that into consideration. IPC committees
are updating the standards as quickly as they
can, but it’s a combination of standards and
vendor information.

Shaughnessy: Maybe IPC could offer a class
called “Intro to IPC Standards?” Now, when
someone first starts designing boards, how
do they know what to make of the standards?
How do you get your foot in the door with
them? Most EE grads say they don’t learn
much about standards in college.

Warning, here’s where I talk negatively about
my own industry. I see that often, as design-
ers, we just shoot from the hip. We look at it
completely wrong by telling ourselves, “We’re
just connecting the dots and the board works.”
Just because it works doesn’t mean it’s right.
There may be problems inside the PCB design
that haven’t raised their ugly heads yet. That’s
where standards come in.

Shaughnessy: Seems that designers don’t
know because most of them don'’t visit
board shops.

They don’t. How can they design PCBs without
visiting a fab house? I asked one of our really
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good fab houses here in the San Diego area,
“What percentage of your PCB designer cus-
tomers have ever toured your facility?” Their
answer: About 10%. It illustrates how impor-
tant it is to get standards into designers’ hands
by any means possible.

Matties: Maybe a designer who attends a
session at IPC APEX EXPO gets a free
standard?

That would be great. The second issue is let-
ting the industry know about the importance

of IPC and their standards. IPC is not just a
standards organization; they’re a teaching
design and

manufac- \\

tifications.

We need more

work with a committee;

I guarantee you’ll learn a

organization with their own
turing cer-
people to volunteer to

Matties: How do we get the
industry to participate more in

driving the use of standards, especially for
new hires?

That’s a tough question. You have to volunteer
to participate in this industry, and that gets
down to your motivation. Why do we do this?
What do we like about this job and this indus-
try? As a professor, I want to get the standards
into my students’ hands; every student should
have a standard. Maybe for $40 a student could
get three standards? That would be a good start.
As a professor, I'm trying to develop a chapter
of IPC Design sponsored by the college. With
20 students, the college would cover the chap-
ter fee, and we could put three standards into
their hands.

Matties: Who are your typical students?
Are they all brand-new designers?

It’s mostly brand-new, first-time designers,
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We need more people

to volunteer to work
with a committee;
| guarantee you'll
lot. learn a lot.

with some coming from other industries who
want a career change.

Matties: That’s interesting. Why do they find
your class so appealing?

I’ve been spreading the word through mar-
keting, messaging on LinkedIn, and several
national podcasts. But, honestly, a lot of the
interest comes from the support from I-Con-
nect007 for me and my classes.

Matties: Beyond the programs, what’s the
appeal for a young person to want to be
a circuit designer today?

I find that they often
want a career
change to some-
thing that will

real attraction. I

with stu-

week about what they

see it as an exciting career; they get

make them more
money. That’s a

have conver-

/ sations

/ dents

the first

should expect when they leave this

class, including income. But they also

to solve a puzzle and they like the intrigue of
design.

Shaughnessy: Do you have any final thoughts
on this topic?

Don’t dismiss the importance of these stan-
dards. Without standards, you’re trying to
cross the ocean without a boat. Take advan-
tage of the experience inside the standards, and
don’t try to reinvent the wheel. It’s all there.

Matties: This has been really good, John.
Thanks so much.

Thank you. Always a pleasure to speak with
you all. DEsiGNoo7






IPC Launches
Additive Standards

Dana on Data

Feature Column by Dana Korf, NANO DIMENSION

An important element of design requirement
determination and manufacturing require-
ments involves qualification, performance,
and inspection standards. These are critical to
ensure that the product’s electrical, mechani-
cal, and reliability requirements are met with-
out expensive over/under specification.

Additively manufactured electronics (AME)
technology is progressing from proof-of-
concept, quick-turn circuit board production
into volume shipped circuits. These are true
pure additively manufactured (AM) PCBs
which may incorporate formed 3D passive
components, antennas, coax, and twisted pair
interconnect.

As volumes increase, users are asking what
industry specifications these can comply with

PCB

CLASSIC PCB DESIGN

NEW DESIGN
FEASIBILITIES

AME
Circuit

MID LAYER2 ———
GND LAYER 5 (GND)

and how production volume quality and reli-
ability will be validated. For example, they are
looking at how to populate the following draw-
ing note (see Figure 1).

“This PCB shall comply with the Class (1, 2,
or 3) requirements of IPC-ABCD and IPC-A-
XYZ, unless otherwise noted.”

There currently aren’t any AME perfor-
mance, qualification, or acceptance standards
published by any international standards orga-
nization.

There are very good IPC standards in place
for rigid, flexible, and rigid-flex boards for
design, performance, qualification, and accep-
tance. So, why doesn’t AME just use them?
The reason is there are many substantial differ-
ences between how AME and traditional PCBs
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Figure 1.
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A Standards-driven
Design Environment

Feature Interview by Andy Shaughnessy
I-CONNECT007

For this issue about standards, we inter-
viewed Jen Kolar, VP of engineering, and Cory
Grunwald, director of designer development,
at Monsoon Solutions, a design bureau in Bel-
levue, Washington. In this conversation, Jen
and Cory explain how they created the com-
pany’s internal documentation process around
the requirements of IPC standards. They also
discuss their onboarding system for new hires,
including the standards that the new designers
should become familiar with.

How about if you start by discussing your
protocol for new hires, and the standards that

your onboarding process is built around?
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Cory Grunwald: Sure. When bringing on a new
designer, we have a lot of internal Monsoon
documentation and standards that tend to
work specifically for ourselves and our custom-
ers. If we’re teaching our new designers how to
do footprints, we’ve got our own quick refer-
ence guide on footprint creation, as well as ref-
erences to IPC-7351. The designers know that
if they can’t find it in our internal documenta-
tion, they can go to the IPC standard. We usu-
ally provide the quick reference guide for our
documentation and a handful of good-to-know
IPC specs for designers, such as IPC-7351,
Generic Requirements for Surface Mount Design
and Land Pattern, and IPC-2221, Generic Stan-






Cory Grunwald

dard on Printed Board Design. Another stan-
dard we provide is IPC-A-600, Acceptability of
Printed Boards Endorsement. It covers class 2,
class 3, and what’s acceptable in board produc-
tion. While we don’t expect new hires to read
through all the standards, we do expect them
to know what’s in them and where they can go
to find more detailed information.

Your internal documentation is largely based
around IPC standards?

Jen Kolar: Yes, because reading through stan-
dards isn’t necessarily user-friendly. So, we
will have one document that includes the stan-
dard’s image and numbers, and then we can
say, “Here’s exactly what you’re looking for.”
We condense it down to what we really need to
think about day to day.

Grunwald: That’s right. There’s not a lot of
direct design-related information in the IPC
standards, like how to handle impedances, so
much of our internal documentation is more
design-focused than manufacturing-focused.

We were joking before the interview about
whether there was a “starter pack” of
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standards for new designers. That seems to
be IPC-7351, IPC-2221, and IPC-A-600, right?

Grunwald: Yes, those are definitely the ones I
look at the most as a designer.

Kolar: All our designers earn IPC’s Certified
Interconnect Designer (CID). We usually have
them wait a couple of years to get their feet
under them before they get their CID+, but it
is a requirement that everybody has their basic
CID. That said, you don’t really see designers
walking around the halls saying, “This standard
is for this or that.” Usually, designers are asking
things like, “What’s the distance I need to have
for my copper to be pulled back from the edge
for this particular fab shop?” Most people don’t
know everything in the standards, but we need
to know where to look if we have questions.

We have libraries that we’ve gone through
and built for certain components, which are
kind of “golden libraries” that designers can fol-
low. We’ve essentially taken the standards and
put together documentation that distills them
down and gives designers what are essentially
checklists and user guides.

Cory, I understand you created Monsoon'’s
internal documentation. Tell us about that.

Grunwald: 1 gathered all the information and
set up a training plan. Much of that internal
documentation was compiled before I got
here; basically, we go into more detail about
tools and specifics in our documentation,
such as footprints, specific layers, and naming
styles that we use. We’ve set up smaller internal
groups of designers, so new hires have some-
one they can check with and ask questions.

Kolar: In addition to general manuals and
working documents, we have tools with spe-
cific guides, and those significantly speed up
the ramp-up time for designers learning new
tools. We also have designers give presenta-
tions regularly—at the weekly design meet-
ings, for example—on ways to do things more
efficiently and different ways to use the tools.






Jen Kolar

Cross-pollination really helps with our effi-
ciency.

Grunwald: 1 prepped for this call today by
reviewing the IPC standards in our system.
But they’re only numbers; it’s up to whoever is
looking at them to know which ones have the
information they need: “Here is this document
for assembly, and here are the documents for
design and manufacturing.” But if you don’t
know, they’re just numbers. IPC focuses very
much on the assembly and manufacturing pro-
cesses, and those specifications roll down to
designers to help them make something that is
manufacturable.

You have configured the relevant standards
into your internal documentation system. |
imagine other service bureaus, or even bigger
customers, would have some similar sort of
documentation processes in place.

Kolar: Sure. For some of our bigger custom-
ers with large design teams, they have docu-
mented standards around their libraries. I
have seen multiple incarnations of docu-
mentation standards, specific to libraries, for
instance.
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All this begins with onboarding on the first
day? Are your new hires generally experi-
enced designers or complete newbies?

Kolar: It’s very hard to find experienced design-
ers who work well in the world that we’re in,
where we’re constantly changing the kind of
cutting-edge work we do over a wide variety
of designs. If somebody has been doing design
for a specific type of thing for a long time at
one company, they may not have kept up with
what’s happening in the industry. It can be
hard for them to transition from the way
they had been working internally to a ser-
vice bureau mindset. We’ve seen many really
struggle with it.

We’ve ended up hiring designers right out
of school with just a little bit of experience.
Maybe they’ve had one other job, have messed
some with design, and then they discovered
that they really liked electrical engineering
work. We’ll train them because that’s where
we’ve had the most success vs. trying to bring
in someone who’s really seasoned.

In the past, it had typically been either me
or our COO saying, “Here’s a practice proj-
ect.” They would go through, work on it, ask us
questions about what’s in the documentation,
and then somebody would mentor them as
they work with the customer, learning as they

go.

Let’s talk about acquiring IPC standards. How
does this work as an IPC member?

Kolar: There are certain standards that are
“packaged,” and we prepaid for the standards
that we care about. All of this happens digitally.
It has helped that we have a new project check-
list that includes questions that you should ask
your customer when you’re starting a project.
This helps designers avoid saying, “Oh, by the
way, I just realized that this is class 3 and 100
volts.”

Grunwald: 1t’s a good idea to go through the
specs listed on IPC’s website, where you can
usually get the first couple of pages of the stan-






BAE Systems Signs Agreement to

Acquire Ball Aerospace »

BAE Systems announced a definitive agree-
ment for the proposed acquisition of Ball Aero-
space for approximately $5.55 billion.

Flexible Thinking: Growth of Flex
and Flex-hybrid Electronics in

Mil-Aero Applications »

Over the past several years, flexible electronics
(FE) and flex-hybrid electronics (FHE) have
enjoyed heightened attention in the electron-
ics industry and have seen special interest and
attention given by mil-aero companies. This is
evidenced by June’s NextFlex conference titled
“Hybrid Electronics Commercialization Path
for Aerospace Applications,” an event at Boe-
ing’s Seattle facility. It is thus worth consider-
ing some specific examples of FHE applications
in the mil-aero environment.

Lockheed Martin Australia Selected as
Australian Defence Force’s Strategic
Partner for AIR6500 »

Lockheed Martin welcomed the announce-
ment by the Department of Defence on being
selected as the strategic partner to steward
AIR6500 Phase 1 (AIR6500-1).

Jet Appeal »

In 2007, Stratos Aircraft set out to design and
manufacture an exciting, high-flying new prod-
uct, which they estimate is still at least five
years away from going to market. With a hefty
capital investment, they are now working on
their second prototype: a six-passenger, sin-
gle jet engine plane that cruises at 41,000 feet,
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with a range of around 1,500 nautical miles,
and a comfortable cabin pressured to an alti-
tude of 7,600 feet.

IPC Welcomes U.S. House Veteran Rich
Cappetto as Senior Director of North

American Government Relations »

IPC welcomes Richard Cappetto, a 14-year
veteran of the U.S. House of Representatives,
as its new senior director for North American
government relations.

Northrop Grumman’s B-2 Capabilities

Enhance its Digital Communications »
Northrop Grumman Corporation, in partner-
ship with the U.S. Air Force, successfully com-
pleted an integrated airborne mission transfer
(IAMT) demonstration with the B-2 Spirit at
Whiteman Air Force Base as part of the ongo-
ing modernization efforts incorporating digi-
tal engineering.

NASA Selects Small Businesses for
Orbital Debris, Surface Dust Tech »

NASA has selected six U.S. small businesses to
receive nearly $20 million in total to advance
technologies to address two challenges in
space exploration: orbital debris and surface
dust.

Boeing Partners With the World

Energy Council to Advance Aerospace
Energy Transitions »

Boeing has become a Patron of the World
Energy Council, marking the first aerospace
company to partner with the organization to
drive sustainable energy transitions.
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available. When evaluating free tools, pay close
attention. Some will be open source or com-
munity-run projects, and while the philosophy
behind them might be attractive, make sure
those tools are still being actively maintained
and provide user support.

Some low-cost and free CAD tools are
funded and developed by PCB manufacturers.
They produce tools that specifically work with
their manufacturing process, which can be
great if a designer has a specific manufacturer
in mind for their design. However, this choice
can also lock in a specific manufacturer path,
so choose carefully. Does the manufacturer’s
CAD tool cost money? If so, how much? Can it
provide Gerber files?

Commercial packages can quickly become
expensive. There are a few CAD tools available
that charge a monthly subscription price, but
most offer prices ranging from about $75 all the
way to over $2,000. Pay attention to the limits
placed on products with multiple tiers of pric-
ing and be particularly careful not to get caught
in a “freemium” trap, where a piece of software
seems great until that really important feature
is locked behind an expensive paywall.
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Component Libraries

CAD tools are almost always customizable
with libraries full of parts and components. It
is important to be sure that the tool being con-
sidered can support the parts required by the
design. Many tools like to brag about the size
of their parts libraries, but don’t be fooled by a
big number.

A typical designer might need a library of
about 10,000 parts, but when looking at the
library offered by a CAD tool, confirm that
the requisite parts are available. Look for
commonly used parts and check whether
the tool comes with proprietary libraries or
access to specialized libraries required for the
project.

No matter the CAD tool, eventually design-
ers end up creating components themselves.
Make sure the tool provides the capabilities
needed to both create new components and
add them from external sources.

Complexity

CAD tools exist to tackle the complex prob-
lem of designing PCBs. Unfortunately, it’s inev-
itable that the CAD tool will itself be somewhat



complex, but even so, it should be intuitive and
easy to use as it is.

Ease of use is an area where less expensive,
open-source software tends to lag behind. If
price is an important factor in the decision-
making process, the result can be a balancing
act between price and usability.

Help and Documentation

There will come a time when expert help is
needed to move a PCB from design to manu-
facture. Make sure that the CAD tool provider
offers user support early in the process. If there
is a phone number for support, call and ask
some questions about the product. Live sup-
port can come in very handy with more com-
plex designs.

CAD tool software providers should make
their documentation available online. Quality
documentation can be a huge help to designers
who need questions answered in a hurry. Even
YouTube tutorials and user forums can offer
solutions to common issues with a CAD tool.

Checking the tool’s documentation and look-
ing for video tutorials can also help you evalu-
ate a CAD tool when deciding what to use. If
there are too many people reporting problems,
that might mean the tool is too difficult to use.
Likewise, a YouTube tutorial that takes the
viewer through too many convoluted steps can
be a red flag toward usability.

Misc Colors
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Additional Considerations

CAD software is almost always highly cus-
tomizable with design rules, favorite libraries,
shortcuts, and modules to increase productiv-
ity and make the design process personalized
and special.

Pay attention to limitations, such as board
size, and the number of pins or layers a tool can
support. Watch for limits on minimum compo-
nent pitch and the supported sizes for traces,
spacing, and vias. Once you have narrowed the
field, download the CAD tools that look the
most promising and try them out. Fifteen min-
utes or so should be enough to tell whether the
tool is intuitive and will fit your PCB project.

CAD Tools Must Be Easy to Use

The most important part about choosing
a CAD tool, though, is that it shouldn’t make
designing too much of a chore. You want
designing to be productive and efficient and, in
the end, maybe that’s the most important ele-
ment to evaluate when you’re trying out differ-
ent tools. DESIGNO07

Matt Stevenson is vice presi-
dent at Sunstone Circuits, a
division of American Standard
Circuits, and the author of The
Printed Circuit Designer’s Guide
to... Designing for Reality. To
read past columns, click here.
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Gerry Partida

collect data, and then look at that data for our
yields. If there’s a defect, we can track it to see
what has caused it. Then if we buy new equip-
ment to solve and bring that defect rate down,
we can track it to see whether our investment
is going through to work it out. COO Sean Pat-
terson believes that we are a technology com-
pany that owns board shops, so we want to use
technology and the tools available to manage
and do things in an intelligent manner.

Traditionally, the board industry would just
do another re-spin and not analyze what is
working and what is not, what the yields are,
etc. At times I’ll get a very challenging design
from a customer who didn’t follow IPC rules,
and we’ll say, “No, this is not to the reliability
that you require.” They’ll reply, “We’ve been
getting these boards built for years,” and I'm
thinking, “I understand what you’re saying.
You've been receiving good boards, but you
do not know what is happening to make the
quantity of your good boards.” Their fabrica-
tor may have had to throw away 50% or 75% of
the boards that they produced to get that 100%
deliverable.
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I said, “Let’s redesign it, but let’s follow the
IPC design rules.” Often, people will say that
the IPC rules are old and out of date, but they
probably haven’t read them recently, because
the rules have been modified and updated.
Every year, we work to improve all the stan-
dards. If you follow them, and design it that
way, you'll find that you get two things: a much
more reliable product in the field, and the
yields for the fabricator will probably be bet-
ter too. In this instance, we simply followed the
IPC rules. We looked at the challenges, how
they wanted the boards built, and we changed
certain things like the surface finish. We didn’t
move any components. We didn’t change the
number of laminations—I guess it was still five.
At the end, their yield went from 25% to 88%.

Of course, customers may not know about
this, because a lot of the time fabricators don’t
share their struggles and pains. But this is real-
ity for PCB manufacturers. If they drill down,
they ask, “Why is the yield so bad?” That’s
where it becomes a problem within the fab-
rication segment. Fabricators look at their
processes for documenting collected data to
analyze it, and when you do that, you can see,
“The fallout is here, and it’s because of your
design.” Then the customer asks, “What can
we do about the design? The cost is too high.
What can we do?”

Barry Matties: Do you have an example
of a rule they weren’t following that you
did follow?

Yes, here’s one of my favorite rules to share
with designers: removing the non-functional
pads and routing the traces closer to the drilled
hole where there’s more room, because when
they’re routing it, they don’t necessarily see
the hole. They remove the pad, and now there’s
all this room. Within IPC-2221 and IPC-2222,
there’s a rule that says, “Do not remove the
pads to make more room.” You route with the
pads in and remove them afterward. It will take
care of a lot of design problems. Some design
guidelines from component manufactur-



ers will say that this is what you do. I've seen
design guidelines and app notes that literally
say to remove the non-functional pads and run
the traced formulas away from the drilled hole.
But app notes are not reliable.

Matties: It sounds like we might just be in a
rut because it works the way we’ve always
done it. There’s often no one challenging the
status quo or coming back like Summit and
saying, “Hold it, you need to look at this
differently.”

What seems to happen in our industry is that
if we built one board and it worked once, we
have a process. Somebody

once gave me a great

explanation: Some- *

times you have to cross

Death Valley, and as long

as you get there, the journey

was successful. But nobody

considers how our part comes

out exactly right. You have to

take these things into consid-

eration. How do we do it? We

have collaboration up front: If

we put this into the design, or

change these requirements, is

that a good functional, reliable
product? We all agree to it up front.

We will have higher yields and greater
success when we finish the product and get
it into the field.

Matties: IPC has the

standards. What can IPC

do beyond just providing standards to help
designers better understand this?

That’s the challenge that we face within the
standards community. This is where you all do
a great job of socializing these things and mak-
ing people aware that there are rules. Designers
need to understand that there are reasons that
we have rules, and if you break the rules, here’s
what happens. When we write in IPC-A-600,
for instance, that this is the minimum dielec-

What seems
to happenin
our industry is
that if we built
one hoard and
it worked once,
we have a
process.

tric, this is how you measure, this is accep-
tance, and this is non-conforming, there’s a
reason. When we socialize this stuff and share
that the yield went from 25% to 88%, then that
rule starts to have some weight and impact.
You know, if you’ve suffered with poor yields
and gone through multiple suppliers and you
still run into the same things, maybe it’s not the
supplier.

Matties: That’s an interesting perspective.

We’ve posted some blogs on our website to
make the customers aware of these things: This
rule is allowed, and here’s what happens when

we go outside the rule. Here’s the fallout
and here is the reward if you follow
the rules. But people read the rules
differently.

I had a phone call yesterday
from a customer asking if we
had changed the rules. No, we
clarified a rule because there
was confusion about what was
right. It was a clarification of

what existed. It’s hard for
people to understand, so
we blog about this on our
website to help socialize
this incident.
By the way, IPC-6012F is
coming out soon, with many changes
that make it easier for us to clarify a
lot of things and make them easier to
understand. For example, with cavity boards,
there were no documents on edge plating. Is
it acceptable or not? Now, in IPC-6012F, we
have rules for different types of cavities. You
have to design certain things a certain way to
make cavities successful. But there’s no perfect
situation; if you do a cavity board, there’s usu-
ally bleed-out, and you have to accept bleed-
out.

Matties: This type of thing needs to be com-
municated to the industry.

Exactly. When I was first blogging on LinkedIn,
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I had to explain something so many times out
of frustration, “Hey, these are the rules, and if
you don’t follow them, I'll give you examples
of what happens.” Now, when somebody calls
me with a question, I can reply with, “Let me
give you this write-up.” It helps them and gives
them something to fall back on.

Matties: We know that many designs go
through respin after respin. How do you
help your customers reduce respins?

It’s important for them to collaborate with the
fabricator, whoeveritis. It’simportant for them
to understand their IPC design rules. One clas-
sic mistake is not having enough annular
ring for the class 3 that
you said you want. ®
You may have a 7-mil

annular ring, and

yes, that’s fine for the @

finished hole size,

but the rule is based

on the mechanical drill

that I have to use to fin-

ish at that size. If it’s immer-

sion gold or ENIG, you’ve lost

two mils of annular ring. If we can have

that collaboration and share our expertise with
them as they’re laying it out, it reduces failures
and respins.

For instance, with rigid-flex boards, IPC-
2223 says that vias have to stay 125 mils away
from the transition area from the rigid to flex.
Customers ask if they can go down to 100 mils
or 30 mils. No, but you can go to 200 mils all
day long. Here’s what happens: Designers see
the big strip of open area, and they think, “Let’s
put vias there.” But land voids exist there, and if
you drill and hit a void, the chemistry will go in
and short out to another plane. If the clearance
was just another 20 or 30 mils away, this would
never have happened. Or you end up with final
drill in the transition area that’s too close to the
bend area, and those are the ones that fail. The
whole landscape gets affected. But if you know
the rules and apply them, it’s like butter.
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Designers would benefit greatly if they read
the design specs too. They don’t have to mem-
orize them; just know the sections. When they
think they need to bend a rule here or there,
they can go read what the rule says, possibly
even look at IPC-6012, and see what the fabri-
cator has to say. If it looks like a challenge, then
call a fabricator and ask if they can do this.

Matties: Do your customers come to you
requesting feedback about their designs?

Sure. I had a customer who asked if we could
review six part numbers that had been under
development for three years. They were going
to production now. This was our last
chance to change anything,
because after that it’s going
to be flight-certified
and then it would be
impossible to change. I
thought, “Man, now
® [ have to do more
@ homework”

() This is where we
use intelligent data. I
wanted to look at stackup.
What was the major fallout
cross-sec- tion? But our automation team
can provide all of this, and it was very valuable
to the customer when I said that we could do
this systematically. Our IT guy said that we are
really programmers who data-mine our ERP
software. On a post-DFM build, I just put in
the tool number, hit “Make a report,” and I get
all that information in about a minute: Yields
are 95%. Here are the questions, and make
sure you fix these so we don’t have these same
questions again. Go back and fix your drawing,
because a lot of times, they don’t, and we’ll

have the same question on the next rev.

Matties: That’s one of the greatest
challenges the industry faces. Obviously,
you have resources, but when you consider
the smaller companies, many of them won'’t
have resources for systems like this.






That’s where it’s going to be tough for smaller
operations. If you can use the data, knowledge,
and intelligence about what will work and not
work, you can find out that you never should
have gone through Death Valley with that
design because it was just going to crash and
burn. If we have information and data that tells
us a certain outcome, then we can make intelli-
gent decisions during the quoting process and
the collaboration process. This is what we can
do to make it work.

The most fun part for us is being approached
by and working with PCB design tool suppli-
ers. They’re very active, but their worldview is
a little further upstream. They have tools that
take DFM rules and apply them to a design.
But they’ll have like 50 rules on a ledger, and
they’re killing me trying to set it up. I think
the PCB design tool companies need to have
a better under-
standing that -
there are dif- \ 7
ferent rules for
a class 2 board \ [
and a class 3
board. There are rules
for half-ounce copper,
one-ounce copper, and
two-ounce copper. You
can’t use one rule for all ' -
of them. This is because
they’re not seeing how the
board is actually manufactured,
and it becomes a very huge attribute list.

Matties: What do you think is the preferred
design data transfer format?

Gerber is old and archaic, dating back to 1973.
The ODB++ format is a good solution that
the industry has been using for at least three
decades. We'’re in the third revision of using
IPC-2581, which is an open format. There
have been two other attempts at a standard
not owned by anybody. People seem to want
to use 2581 for stackups, outlines, and CMM
downloading. From my experience as a CAM
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 The most fun part for
usis bemg*approached
by and working with PCB
de.ﬂgn tool suppllers

application engineer, when there’s an open
format, people have different interpretations
of the protocols. Different implementations
can interpret things differently, and when that
happens, we create scrap. We’re now in rev C
of IPC-2581. Every time a new revision comes
out, it takes a year or two before everybody
updates their tools.

Matties: It’s my understanding, from a small
survey that we did a few years back, that
manufacturers prefer 2581 over any of those
other formats.

To my knowledge, out of our seven factories,
I don’t think we’ve built one board with 2581.
Yes, the designers still primarily use Gerber or
ODB++.

Matties: I've really enjoyed this conversation.
Is there anything else you’d like to add?

This is my 39th year in the industry,
and I've never had as much
fun as I'm having right now.
Its fun and
it’s a challenge.
i Every day, I
¢ use everything
] ) I’ve ever learned,
4 starting with my
o first electronics job in
k cable TV amplifiers, where
you had to make amplifiers that
went from 50 to 550 megahertz,
which is low frequency now. But try-
ing to get circuitry to behave the same way
between that range of frequency was not easy.
Now we’re into gigahertz, and your RF signals
are all over the map. It’s challenging, but it’s
fun every day.

Matties: Gerry, thank you.
Any time. I enjoyed it. DESIGN0O7






What the Heck?
A PCB Tech Spec Check

Target Condition
Feature Column by Kelly Dack, CIT, CID+

In 1972, learned the adage “Measure twice,
cut once” from my seventh-grade woodshop
teacher, Mr. Fenoglio. To this day, I hear his
voice every time I use a pencil to mark a piece
of wood that I'm ready to cut. I mark it and
then re-measure the edge to which it will join
before sawing or drilling. Over time, I’ve saved
a lot of money avoiding costly personal wood-
working and building project errors.

I wish I could say that my PCB design record
over the years was similarly as error free in
regard to form, fit, and function. Why didn’t I
hear Mr. Fenoglio’s voice when I was dimen-
sioning that CAD drawing? How could I have
overlooked that I was drafting in a different
scale? What about when I imported a “met-
ric” DXF outline into my “inches” PCB layout
and thought there was still plenty of room to
add more circuitry? How about that time I

built that card-edge connector library part and
reversed the A and B sides? I've lost count of
how many times I didn’t catch the reversed pin
numbering on some of those little three-pin
SOT23 transistors.

The fact is that effective PCB design and
manufacturing is not done sitting alone in a
cave. Stakeholders in PCB project develop-
ment must have ways of checking each other’s
work before the chips are cut, so to speak.
Printed circuit assemblies contain thousands
of geometric points which must successfully
interface with unseen “next assemblies” on a
worldwide scale in order to fit together cor-
rectly while running down the manufacturing
conveyors. Designing a PCB form to fit is only
part of the project equation. After the design is
manufactured and assembled, it must perform
its function electrically. The characteristics
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notes often reference specifications intended
for design, not manufacturing. The numbers
and class designations are often inappropri-
ately assigned or non-existent. I often make
the point that every other stakeholder in the
PCB industry adheres to a process and checks
their output to a spec. Why should the process
of PCB design be any different?

PCB design must be considered a process
by the PCB designer and must therefore be
checked to some appropriate specifications,
but which ones? Based on the wide variety of
designs I review from our customers across
North America, designers could use some
help in this area.

I've recently come across a useful key to
help solve this issue. IPC has published a PCB
checklist guideline titled IPC Checklist for
Producing Printed Board Assemblies. This doc-
ument not only serves as an effective roadmap
pointing designers to existing PCB design

and manufacturing specifications, but who is
responsible during the various stages of engi-
neering, manufacturing, and test. After pre-
viewing this checklist, let me tell you a story
about how I put it to use right away.

Our assembly line was having a challenge
assembling a QFN part in which the PCB
designer must have “dreamed up” a land pat-
tern to attach the part to the PCB using a
complicated window array, presumably to
reduce the solder deposition. The footprint
was “designed” but to what standard and with
what manufacturing parameters in mind? The
land pattern incorporated several “creative”
technologies, including via-in-pad, solder-on-
pad, and special “windows paning” features
to attach the part. DFM rules appeared to
be ignored for every technology addressed
on this footprint. Our manufacturing
engineering team exclaimed, “What the
heck?” My response was to perform a PCB

Checklist at the Project Start Level

J E JRespnnsibIe B JDemand on Assembly

J IPC Standard J Information

|Check |

‘24 | Electronic Designer |OFN on the Assembly?

'Pc7093 | | |
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design “PCB tech spec
check” using this newfound
document. I first needed to find
the category for the technology
in order to check the guidelines.

I quickly found QFN in the
“Demand on Assembly” column
and proceeded to look up the
specs relevant to issues found
by our manufacturing engineers.
First, I could see that this chal-
lenge had to do with a quad flat
pack-style component including a large heat
sink “slug” and otherwise referred to as a “bot-
tom termination component” or quad flat no-
lead (QFN). I went directly to the “Project Start
Level” checklist to see how the responsible
electronic designer could have easily referenced
IPC-7093 to see more information on how to
design this part footprint for better DFM.

I won’t address every DFM improvement
here that I was able to suggest to our manu-
facturing engineering team. But they were
appreciative for the list of detailed IPC based
improvement I was able to publish to be for-
warded to our customer.

I found this checklist knowledge very
empowering. As a designer of QFN foot-
prints, I must admit I didn’t know that IPC-
7093 exists. But with this checklist as a guide,
I am led to the IPC-based knowledge I need
for help. I can read the spec and research what
other well-known contributors have written
on similar design challenges when dealing with
these parts. I was amazed when I searched this
standard and found a very helpful presentation
on QFN prinicples by Vern Solberg, which
will prove very effective in “selling” these IPC
spec-based DFM ideas to our customer.

IPC Checklist for Producing

Printed Board Assemblies
o Checklist at the Project Start Level
o Checklist at the CAD Level (map)
o Checklist at the Printed Board Ordering
Level (map)

|F3[¥-.-.Emmlm
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R
Example of a problematic
footprint.

=

o Checklist at the Assembly
Ordering Level (map)

o Checklist at the Cleaning
and Conformal
Coating Level (map)

o Checklist at the Quality
Check Level (map)

Conclusion

The void of knowledge about
how to collaboratively design
within the electronics industry
continues across the PCB design organiza-
tions I've participated in. It seems as though
12 different designers will always give you 12
different ways to approach a design challenge.
That’s not necessarily a bad thing. However,
when choosing to adhere or reject to any of the
12 ways, I always want to hear first about how
doing so will help the project meet an indus-
try specification. I always say that a good PCB
designer needs to see a dozen different ways
of solving a design problem. However, great
designers—those whose eyes are set on vol-
ume production—will draw only from ways
allowing them to create and specify design
solutions conforming to an inspectable IPC
standard or collaborate with others to create
one if it doesn’t to exist.

When I think about the need to learn more
about PCB industry standards—where to find
them, how to access them, and how helpful
the layout of this checklist has been for me—
another one of Mr. Fenoglio’s woodshop say-
ings comes to mind. This one is about storing
valuable tools: “A place for everything, every-
thing in its place.” DEsIGN0O7

Kelly Dack, CIT, CID+, provides
DFx centered PCB design and
manufacturing liaison expertise
for a dynamic EMS provider in
the Pacific Northwest while also
serving as an IPC design certifi-
cation instructor (CID) for EPTAC.
To read past columns, click here.
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Figure 1: IPC standards.

the dots. Again, the rules were all done with
standard 60-mil-wide round and oblong pads,
but I could push the envelope to 8-mil traces
which was the narrowest ink pen for the XY
plotter. The challenge was to etch the 8-mil
traces without a break. But a touch-up pen on
the photoresist fixed that. This was sufficient
for prototype boards we were producing for
university research projects. The clock speed
was 10 MHz max, so signal integrity was not an
issue and planes were not considered.

In 1987, I was thrown in the deep end. The
R&D company I was working for purchased
IC and PCB design software from Daisy (later
acquired by Intergraph Electronics). Board-
Master PCB was a complex UNIX package that
had a steep learning curve so the focus was on
learning the tool so that we could produce our
new fiber broadband network. The prototype
network took 18 months of colossal effort to
produce and it proved the concept. However,
it was not manufacturable in quantities.

Our technology partners—Siemens and
Alcatel in Europe, and US West and Bell
Atlantic in the U.S.—provided us with their
design rules so that all our equipment could be
assembled in any modern production facility
worldwide. I also obtained the IPC standards
for PWB design and manufacture, and merged
them into a complete set of design rules. Three
years later, we were ready for mass production.
The lesson here is that anyone can produce a
prototype but it takes much, much more effort
(at first) to produce a manufacturable product.
However once set up, the constraints become
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part of the design process and take little extra
effort to enforce.

Where Does a Newbie Designer Start?

IPC was founded in 1957, and has provided
the worldwide electronics industry with stan-
dards for the design and manufacture of printed
circuit boards, compiled over the years with
the support of both committee and industry
members. IPC has more than 300 active mul-
tilingual industry standards that cover nearly
every stage of the electronics product develop-
ment cycle.

IPC-2221B is the foundation design stan-
dard for all documents in the IPC-2220 series.
The series is built around the IPC-2221,
Generic Standard on Printed Board Design, the
base document that covers all generic require-
ments for printed board design, regardless of
materials. From here, the designer chooses the
appropriate sectional standard for a specific
technology.

All five sectional standards are included in
the series:

o IPC-2222B, Sectional Design Standard for
Rigid Organic Printed Boards

e IPC-2223E, Sectional Design Standard for
Flexible Printed Boards

o IPC-2224, Sectional Standard for Design of
PWB:s for PC Cards

o IPC-2225, Sectional Design Standard for
Organic Multichip Modules (MCM-L) and
MCM-L Assemblies

e IPC-2226, Sectional Design Standard for
High-Density Interconnect (HDI) Printed
Boards

This series provides coverage on material
and final finish selection, current-carrying
capacity and minimum electrical clearances,
test-specimen design, guidelines for V-groove
scoring, dimensioning requirements, and con-
ductor thickness requirements. Some of these
standards are now published in Chinese and
German.






Also, several documents apply to high-speed
and land-pattern design:

o IPC-2228, Sectional Design Standard
for High Frequency (RF/Microwave)
Printed Boards

o IPC-2251, Design Guide for Electronic
Packaging Utilizing High-Speed
Techniques

o IPC-2141A, Design Guide for High-Speed
Controlled Impedance Circuit Boards

o IPC-7351B, Generic Requirements for
Surface Mount Design and Land Pattern
Standard

These standards (and their predecessors)
have been part of a well-used section of my
technical library since 1987. They provide
excellent reading and reference material for all
PCB designers. These documents are available
for purchase from IPC. A complete list of stan-
dards with their latest revision is available from
the IPC Document Revision Table. Design
rules must keep up with the latest devices and
fabrication processes without losing sight of
DFM. If you follow the above IPC guidelines,
you will be designing for both manufacturabil-
ity and mass production.

IPC standards are important for PCB design
because they standardize requirements for the
installation and fabrication of electronic equip-

ment and assemblies. IPC standards ensure
that manufacturers produce safe, reliable, and
high-performance PCB boards by focusing
on manufacturing details, and are committed
to maintaining quality throughout the manu-
facturing process. Adhering to IPC standards
issued by the industry body can ensure that
you produce high-quality PCBs consistently.
IPC certification ensures that vendor and PCB
manufacturer use the same terminology so
there is not any scope for miscommunication.

For the latest trends in PCB and high-speed
design, both the newbie and the seasoned
designer should read industry magazines such
as Design007, PCB007, and SMTO007 to keep
up to date with new techniques for design and
manufacture. DESIGN0OT

Resources
1. Beyond Design: Design Rules & DFM for High-
Speed Design by Barry Olney

Barry Olney is managing director
of In-Circuit Design Pty Ltd (iCD),
Australia, a PCB design service
bureau that specializes in board-
level simulation. The company
developed the iCD Design Integ-
£ : rity software incorporating the
iCD Stackup PDN, and CPW Planner. The software
can be downloaded at www.icd.com.au. To read
past columns, click here.

Get smarter here.
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UHDI Fundamentals:

Ultra HDI Pushes PCB
Manufacturing Capabilities

Article by Anaya Vardya
AMERICAN STANDARD CIRCUITS

Ultra high density interconnect (UHDI)
is a term used in the electronics industry to
describe a cutting-edge technology that pushes
the limits of fabrication capabilities for printed
circuit boards (PCBs) and semiconductor
devices. UHDI represents an advancement in
miniaturization and integration, allowing for
the creation of electronic components and sys-
tems with extremely high levels of functional-
ity in a smaller footprint. UHDIs are sub-1-mil
(0.001") line widths and spaces, which neces-
sitate that we change the unit of measurement
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from mils to microns. For reference, a 1-mil
trace is 25 microns. In general terms, UHDI
refers to traces and spaces on a printed circuit
board that are sub-25 micron. As electronics
continue to shrink, so does the printed cir-
cuit board, not only in the X-axis, but also the
Y-axis. Designers are challenged with reduc-
ing the form factor as well as the thickness of
printed circuit boards to meet these demands.
This is where UHDI comes in.

With every major advancement in technol-
ogy comes manufacturing challenges. UHDI is






not just a major change, it is a quantum leap in
technology. It represents a change in the funda-
mental method of manufacturing printed cir-
cuit boards, moving from the traditional sub-
tractive process to an additive one. UHDI tech-
nology requires not only new manufacturing
methods, but new manufacturing equipment,
chemistry, materials, and inspection capabili-
ties. While there are some crossover processes,
it is definitely not a plug-and-play implementa-
tion. PCB manufacturers that want to take on
the challenge of producing ultra HDI boards
will need to assess the more stringent require-
ments with regard to equipment and their
manufacturing environment.

Here are some key aspects of UHDI and how
it pushes fabrication capability limits:

1. Miniaturization: UHDI involves the fab-
rication of electronic components, such
as microprocessors, memory chips, and
PCBs, with features and interconnections
that are significantly smaller than what was
previously possible. This enables the cre-
ation of smaller and more compact elec-
tronic devices.

2. High-density interconnects: UHDI tech-
nology focuses on achieving a higher den-
sity of interconnections between compo-
nents on a PCB or within a semiconductor
device. This requires advanced fabrication
techniques like multilayer PCBs, fine-pitch
surface-mount technology, and advanced
semiconductor manufacturing processes.

3. Advanced materials: UHDI often relies
on the use of advanced materials, such as
high-performance substrates, specialized
dielectric materials, and advanced metal-
lization processes. These materials are cru-
cial for achieving the desired electrical and
thermal performance in densely packed
electronic systems.

4. Precision manufacturing: The fabrica-
tion of UHDI components and systems
requires extremely precise manufacturing
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UHDI is
not just a
major change,

it is a quantum
LET)
technology.

processes. This includes advanced LDI
equipment that can create features at

the nanometer scale, as well as advanced
etching and deposition methods. It also
requires new methods like A-SAP for sub-
tractive processing.

5. 3D integration: UHDI may involve 3D
integration techniques, where multiple
layers of components are stacked vertically
to save space and improve performance.
This requires sophisticated manufactur-
ing processes for aligning and connecting
these stacked layers.

6. Thermal management: With compo-
nents packed so densely, managing heat
becomes a significant challenge in UHDI
systems. Advanced thermal management
solutions, such as microfluidic cooling and
heat spreaders, may be employed to dissi-
pate heat efficiently.

7. Increased complexity: As UHDI tech-
nology allows for more functionality in a
smaller space, the complexity of electronic
systems can increase significantly. This
necessitates advances in design and simu-
lation tools to ensure the reliability and
performance of these complex systems.








http://iconnect007.com/rf
http://iconnect007.com/rf
http://iconnect007.com/flex-rigid
http://iconnect007.com/flex-rigid
http://i-007ebooks.com/my-i-connect007/books/thermfab/
http://i-007ebooks.com/my-i-connect007/books/thermfab/
http://iconnect007.com/flexcg
http://iconnect007.com/flexcg
https://iconnect007.com/i007e/ebooks










by designers of any level E‘7
of experience, which is
good for folks who are |
new to the industry. \

I believe thatevenifyou |
never pick up a soldering |
iron in your life—which |
you should, by the way—it
is important to understand \
how components are joined
to boards, how those joints |
are assessed for acceptance, |
and so on. Having a copy of |
IPC-J-STD-001, IPC-A-600, |
IPC-A-610, and the like is a
good idea to have around the
office.

Beyond that, building an
understanding of design needs to start before
standards come into the picture. In my opin-
ion, even a cursory understanding of the mate-
rials science and physics of electronics can
help a new design engineer form an intuitive
grasp on what they’re working with. IPC’s
PCB Design Fundamentals courses provide a
great primer in the physics of electronics, and
there’s a wealth of knowledge freely available
on YouTube that can help designers bolster
their background knowledge on electronics.

I know you’re working with committees to
update some of the older standards. How
does the updating process work?

We call this process “reaffirmation,” and it is
essentially working with volunteer subject
matter experts (SMEs) to determine whether
an old document (i.e., a document published
more than five years ago that has not been
revised or amended since) is still valid for new
products. In this case, “valid” means that every
requirement and/or recommendation therein
is still sound for contemporary design, fabrica-
tion, assembly, etc.

For any document being reaffirmed, we
first convene a meeting of either the originat-
ing group (i.e., the committee, subcommit-
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tee, or task group that first
developed the document,
revision, etc.) or an ad-hoc
reaffirmation group (in
cases where the originat-
ing group no longer exists)
and fill them with as many
relevant SMEs as possi-
ble. Then, they are given a
period to review the doc-
ument. From there, it’s a
ballot vote on whether
the document should be
reaffirmed or retired.
If a document is reaf-
firmed, it will be given

cipC.
Mw title page indicating as

such and remain available in our store. It can
also be revised or amended if the committee so
desires. If it is retired, we will remove it from
the store, but will still make it for sale upon
request. Critically—and this is a concern I hear
voiced frequently—a retired document is not
obsolete. It is perfectly valid for old products
that originally cite it as a requirement.

We occasionally hear from designers who
brag about not following IPC standards. What
would you tell them to change their mind?

This is akin to bragging about using the wrong
gauge nail to frame a house. There’s a reason
why building associations (read: manufac-
turers) require contractors (read: suppliers,
design houses, etc.) to build to code (read:
standards). Great, you saved some money by
skimping on nails, and the house should stand
for a while. But when the hurricane comes, or
the ground settles, or the everyday dynamic
loads push those under-gauged nails beyond
their sheer limits and the whole thing comes
crashing down, was it worth it to save a bit of
cash in the first place? I don’t think so.
Analogies aside, there are plenty of reasons
why standards exist. They are a wonderful
example of collective wisdom learned from
iterations of scientific rigor, advancement,



and failure. Maybe that’s
another term for standards:
iterative excellence.

So, failing to “build to
code” because of ignorance
is one thing, and that’s why
we at IPC are focusing so
much on education about
our standards and printed
board education in general.
But to willfully ignore stan-
dards, and the thousands of
years’ worth of collective
knowledge that they rep-
resent? In other words, to
willfully build your house
to fail?

Forgive me for being frank, but thats a
whole universe of dumbness that I don’t want
to live in. I would implore any rogue designers
to re-evaluate their knowledge with respect to
the greater cosmos of collective understanding
that standards represent.

We’re publishing the IPC Checklist in our
I-Connect007 library very soon. Why should
designers—and manufacturers—download
this document?

I worked on the Checklist revision and it’s very
comprehensive. It provides a thorough over-
view of every manufacturing process from
soup to nuts, and it details which standards
and guidelines can help manufacturers build
their products, replete with handy diagrams of
every area of a shop floor and which specific
processes correlate to which IPC document. I
personally think we should sell posters of those
diagrams because they’re very helpful.

For designers who are on the front lines of
a product lifecycle, the stages of manufactur-
ing can seem opaque, especially for design
bureaus that are completely detached from a
shop, or for larger companies with (hopefully
unintentionally) siloed departments. Having a
resource that outlines every step in the lifecycle
can help designers understand their impact on

Patrick Crawford

that lifecycle, and how their
choices during the design
phase ripple through manu-
facturing. (Another great
primer is to read the IPC-
2231 DFX Guidelines docu-
ment.) Of course, not even
the best brochure is a com-
plete education, but this is
a great launching pad for a
designer to seek out more
information and become
involved in IPC standards.

Also, the IPC Checklist
includes an exhaustive table
of every standard, guide-
line, and white paper that IPC has published
since 2010 (unless they’ve been obsoleted or
superseded). This table also lists the IPC com-
mittee responsible for the maintenance and
development of a given document, which we
hope will inspire readers to volunteer their
time. We welcome volunteers, and I guarantee
you will learn a lot.

What’s your goal for standards soon, and
maybe in five to 10 years?

I'd like to at least get through IPC APEX EXPO
in April, and then maybe we can talk. But seri-
ously, I want to make sure that the standards I
am personally responsible for stay as up to date
as possible, while becoming more usable and
relevant in a modern context. For example,
there are quite a few documentation standards
(such as the entire IPC-2610 family) that are
still used extensively but haven’t been touched
in more than a decade. We believe that these
standards can be consolidated or revised to be
more applicable to modern ECAD environ-
ments. I am working on reaffirming those stan-
dards so they can be revised as needed. I also
would love to see IPC-2581 take a much more
prominent role in design data transfer, because
it’s so powerful as a smart data format, and I
don’t think designers are taking full advantage
of it yet.
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My moonshot goal is that in 10 years, every
ounce of product data—design and manufac-
turing data, relevant shop floor data that hooks
into CFX, sustainability and compliance data,
end-of-life and recycling instructions, trace-
ability, and provenance information, etc.—can
be found in a single IPC product file that fol-
lows it throughout its lifecycle, to be modi-
fied and ingested by manufacturers, suppliers,
customers (both within the supply chain and
end-user), regulators,

and waste-handlers, \

etc. Data gathering \

is a massive time and

money sink for companies,

especially as regulators (and

therefore end-tier manufac-

turers) worldwide begin to ask

for more product information for
compliance reasons. Having a single source
of truth for this kind of information, as well as
the usual manufacturing information, can save
everyone a headache.

Of course, that’s easier said than done, and
I’'m sure the reader is screaming, “Confiden-
tial information!” or “One standard to rule
them all!” But there are already solutions to
these problems being circulated within the
IPC community, and a decade is a long time
to achieve a robust, workable solution to the
growing complexity of the global supply chain
and associated governmental and contractual
requirements thereof.

What advice would you give young PCB
designers regarding standards?

Read them and understand how they relate to
and should (or “shall,” as we say in standard
speak) be incorporated into your designs,
but also make sure that you understand, as I
detailed earlier, the mechanisms and princi-
ples driving them.

If you aren’t sure whether you’re design-
ing to spec, just ask your colleagues. If they
don’t know, take it as an opportunity to learn
together or as a department; grab a copy of
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If you aren’t sure whether

you're designing to spec,
just ask your colleagues.

the relevant standard, study it, and reach out
to the development committee for guidance
if you have any questions on implementation.
If your colleague doesn’t know how to imple-
ment the spec but thinks they don’t need to
(remember, houses and nails), be an advocate
for doing things the right way.

If you're brand-new to designing boards or
need to shake off the dust, it’s a good idea to
investigate IPC’s PCB Design Fundamentals
courses, or any of the related

advanced design topics. Ifyou

have time and your company
allows for it, I also highly
recommend  becoming
involved in standards
, development in gen-
eral. IPC committees
are always free to join and
participate in, and you will help shape the
future of the industry.
That isn’t just flashy marketing speak; some
of the most important clauses in the most used
standards in our industry came from hearts,
minds, and laboratories just like yours. Yes, you
can join even if you don’t have a keycard for
the lab. Plus, you’ll learn so much from work-
ing and hanging out with a diverse community
of designers, some of whom have decades of
experience to share. Trust me: you’ll teach
them a thing or two as well.

Aside from standards, find a mentor in your
company or community who will help you as
you grow as an engineer. A one-on-one pro-
fessional relationship can be invaluable. If you
need help with this sort of thing, check out
IPC’s Emerging Engineer program.

What else? Look to nature for some design
inspiration if you need it. Don’t let the initial
cost of the standards outweigh the many ben-
efits. Coffee can’t replace sleep, as much as we
would like it to, so take a break if you need it.
Take a deep breath; you're doing great.

Thanks, Patrick. Great talking with you.
Thank you, Andy. Always a pleasure. DESIGN007
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Book Excerpt: ‘The Printed Circuit Designer’s Guide to...
e | Designing for Reality,” Introduction

With more of us working to gain board layout experience on the job, Designing for
Reality becomes a very pertinent discussion topic in the PCB industry. But what
does that phrase even mean and why should we focus on such a topic?

Three Things to Improve
High-Speed PCB Signoff

Another challenge for SerDes is losses
within the channel design. At high
speeds, dielectric material can be very
lossy, making the appropriate selection
of the right material, length, etc., critical
for the channel. Many questions about
stackup, trace widths, and height from
the ground plane need to be defined
up front.

Keysight EDA 2024 Integrated Soft-
ware Tools Shift Left Design Cycles
to Increase Engineering Productivity

Keysight Technol-
ogies Inc. intro-
duces Keysight
EDA 2024, a
tightly integrated
suite of electronic
design automa-
tion (EDA) soft-
ware tools that
ensures first pass success. This new integrated
EDA software facilitates a “shift left” approach to
increase productivity for engineers developing
high speed, high frequency products in multiple
applications.

Designer’s Notebook: DFM Principles for Flexible Circuits

Flexible circuit applications
can be as basic as furnishing

electrical interconnect between physical
constraints

two conventional circuit board
assemblies, or to provide a
platform for placing and inter-
connecting electronic compo-
nents. During the planning and

%

develop
mock-up

pre-design phase of the flexible circuit, there will be several material and process related

questions that need to be addressed.
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Career Opportunities

@ The Test
Connection, Inc.

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.

TTCl 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)

TTClis 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.

apply now

TAIYO

AMERICA
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’s 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
customers 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.”

apply now
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Opportunities

. BLACKFOX

Premier Training & Certification

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. Candidates 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)

apply now

Prototron
N Circuits

Sales Representatives

Prototron Circuits, a market-leading, quick-
turn PCB manufacturer located in Tucson,
AZ, is looking for sales representatives for
the Southeastern U.S. territory. With 35+
years of experience, our PCB manufactur-
ing 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.

apply now
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Career Opportunities

Where Science and Care Converge.

Regional Manager

Southwest Region

General Summary: Manages sales of the company’s
products and services, Electronics and Industrial,
within the Southwest Region. Reports directly to
Americas Manager. Collaborates with the Ameri-
cas Manager to ensure consistent, profitable
growth in sales revenues through positive plan-
ning, deploy-ment and management of sales reps.
Identifies objectives, strategies and action plans to
improve short- and long-term sales and earnings for
all product lines.

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

QUALIFICATIONS:

« 5-7+ years of related experience in the
manufacturing sector or equivalent combination
of formal education and experience

« Excellent oral and written communication skills

« Business-to-business sales experience a plus

« Good working knowledge of Microsoft Office
Suite and common smart phone apps

- Valid driver’s license

» 75-80% regional travel required

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

fernando_rueda@kyzen.com

apply now

EMA 2550 ion

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
Engineerroleis 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

apply now
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Career Opportunities

@ pluritec

MACHINES FOR PRINTED CIRCUIT BOARDS

Field Service Engineer

Location: West Coast, Midwest

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

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

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

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

Valid driver’s license is required, as
well as a passport for travel.

Must be able to travel extensively.

apply now

KoH
YOUNG
AMERICA

Technical Service &

Applications Engineer

Full-Time — Flexible Location

Koh Young Technology, founded in 2002 in Seoul,
South Korea, is the world leader in 3D measurement-
based inspection technology for electronics manufac-
turing. Located in Duluth, GA, Koh Young America has
been serving its partners since 2010 and is expand-
ing the team with an Applications Engineer to provide
helpdesk support by delivering guidance on operation,
maintenance, and programming remotely or on-site.

Responsibilities

« Provide support, preventive and corrective
maintenance, process audits, and related services

« Train users on proper operation, maintenance,
programming, and best practices

« Recommend and oversee operational, process, or
other performance improvements

« Effectively troubleshoot and resolve machine,
system, and process issues

Skills and Qualifications

« Bachelor’s in a technical discipline, relevant
Associate’s, or equivalent vocational or military
training

« Knowledge of electronics manufacturing, robotics,
PCB assembly, and/or Al; 2-4 years of experience

« SPI/AOI programming, operation, and maintenance
experience preferred

« 75% domestic and international travel (valid U.S. or
Canadian passport, required)

« Able to work effectively and independently with
minimal supervision

« Able to readily understand and interpret detailed
documents, drawings, and specifications

Benefits

- Health/Dental/Vision/Life Insurance with no
employee premium (including dependent coverage)

+ 401K retirement plan

« Generous PTO and paid holidays

apply now
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Career Opportunities

/1RLON

ELECTRONIC MATERIALS

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

apply now

X

Are You Qur 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
experience with a drive and atti-
tude 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.

apply now
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Career Opportunities

MivaTek

Global

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.

apply now

s

- i Eptac

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

« |PC 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

« |RA retirement matching contributions after
one year of service

« Training and certifications provided and
maintained by EPTAC

apply now
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