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It sounds so perfect—“smart” manufac-
turing. That must be what we’ve needed all 
along! We’ve had enough of this “average in-
telligence” manufacturing. Yes, we’ve heard 
quite a bit of chatter about smart manufactur-
ing over the past few years. Whatever “smart” 
means to you, everyone involved in designing, 
fabricating, and assembling PCBs wants to get 
on board.

The PCB community in the U.S. often feels 
like it’s a little behind the curve compared to 
other industries, and that’s definitely the case 
here. Manufacturers in Asia have already seen 
gains in efficiency, productivity, and sustain-
ability by adopting integrated, collaborative, 
data-driven processes. The North American 
PCB fabrication community is playing catch-
up regarding smart manufacturing and Indus-
try 4.0. 

At the same time, many U.S. PCB designers 
are curious about what this smart new world 
means to them and their “old-school” CAD 

data. Fabricators in the states can also be for-
given for wondering the same thing, especially 
when CAM departments receive so many in-
accurate or incomplete design data packages. 
Is PCB design ready for smart manufacturing? 
What are designers going to have to do differ-
ently for OEMs to take full advantage of smart 
technologies, such as Industry 4.0 and IPC’s 
Connected Factory Exchange (CFX)?

We asked some of our expert contributors 
to share their thoughts and opinions about 
smart manufacturing and what this means for 
the PCB designers and design engineers on the 
front end.

Our first feature is by Patrick McGoff, market 
development manager, and David Wiens, Xpe-
dition product marketing manager, both with 
Mentor, a Siemens business. They explain how 
intelligent design data is a necessity for smart 
processes, and why the information in a sim-
ple bill of materials (BOM) will not be ade-
quate for manufacturing in the future. 

The Shaughnessy Report 
by Andy Shaughnessy, I-CONNECT007 

Get Smart!
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ers have seen in Asia might actually help sway 
the “mature” technologists on our shores into 
adopting smart manufacturing. 

Freedom CAD’s eBook Now Available
If you design sophisticated circuit boards for 

a living, you’re in luck. Our friends at Freedom 
CAD have just written a new I-Connect007  
eBook, The Printed Circuit Designer’s Guide 
to… Executing Complex PCBs. 

Freedom CAD’s Scott Miller provides a set 
of guidelines for designing the most complex, 
high-speed circuit boards. He and his veteran 
PCB design team share real-world examples 
that can help designers like you, from the plan-
ning stages and schematic capture through 
documentation and successful data handoff. 

It’s also an entertaining book to read. Sure, 
I may be a little bit biased because I helped 
edit it, but check it out for yourself. It’s free to 
download; just click here. 

And if you’re not already a subscriber to  
Design007 Magazine, what are you waiting for? 
Subscribe here. See you next month!  DESIGN007

Andy Shaughnessy is managing 
editor of Design007 Magazine. He has 
been covering PCB design for 19 years. 
He can be reached by clicking here.

Next, columnist Michael Ford, senior di-
rector of emerging industry strategy for Ae-
gis Software, discusses some of the challenges 
ahead for smart design and manufacturing, in-
cluding the need to embrace “adaptive” plan-
ning, which may be best achieved by utilizing 
a combination of formats, such as IPC-2581 for 
design data and CFX for manufacturing. 

Then, we have a short feature by Technical 
Editor Happy Holden who offers some back-
ground on computer-integrated manufacturing 
and investigates the way CAD data fits into the 
equation. 

Switching gears, Denis Morin, Karel Taverni-
er, Jean-Pierre Charras, and Marius Matioc of 
Ucamco take the reader through the new XNC 
format—a collaboration by Ucamco, KiCad, 
and PentaLogix—which updates the Gerber 
drill data transfer process. We also have an in-
terview with Robert Huxel, XPLM’s director of 
business development, who outlines the com-
pany’s PLM software and XPLM’s role in in-
tegrating ECAD and MCAD data and explains 
why this convergence is so important for the 
future of PCB design.

Next, we feature a great article by Keysight 
Technologies’ Chang Fei Yee who focuses on 
the impact of copper pour on insertion loss 
and impedance. We also bring you columns by 
our regular contributors, including Stephen V. 
Chavez of the IPC Designers Council, Bob Tise 
of Sunstone Circuits, Alistair Little of Electrol-
ube, Barry Olney of iCD, and John Coonrod of 
Rogers Corporation.

Thus far, the facts point to smart manu-
facturing being the way forward for PCB de-
sign and manufacturing. By relying on adap-
tive planning instead of the old long-term way, 
companies should be able to make quick, da-
ta-driven decisions that cut costs and drive up 
productivity. But the hoopla also reminds me 
of the early days of Lean. Everyone wanted to 
say that their company was Lean, but many 
companies wound up paying a Lean expert six 
figures to show them how to implement a plan 
that they never used. Have company owners 
learned from that experience?

Being late to the party isn’t usually a good 
thing, but the success that smart manufactur-

http://I-007ebooks.com/ECD
http://I-007ebooks.com/ECD
http://I-007ebooks.com/ECD
http://iconnect007.com/register?sub=design
http://design.iconnect007.com/index.php/column/54/the-shaughnessy-report/57/
http://i-007ebooks.com/ECD
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Feature by Patrick McGoff and David Wiens
MENTOR, A SIEMENS BUSINESS

Almost all of the conversation regarding In-
dustry 4.0 is centered on the manufacturing 
floor, which is where the effect of the initiative 
is most felt initially. Little attention is given to 
the starting data for manufacturing—the data 
that comes from design. However, you can’t 
have smart manufacturing if your process be-
gins with dumb data. As Pink Floyd said, “You 
can’t have your pudding if you don’t eat your 
meat!”

Industry 4.0 starts with smart 
data. Smart data means a com-
plete dataset with intelligence 
embedded within it. Wikipedia 
defines Industry 4.0 as “a name 
given to the current  trend of  
automation  and data exchange 
in manufacturing  technologies.” 
Data exchange is a pillar of In-
dustry 4.0.

If the data can’t be computed, 
exchanged, and interpreted au-
tomatically, inputs must be in-
terpreted by humans to deter-
mine how to process the job. 
Smart data allows automat-

ed processing from design for manufacturing 
(DFM) and design for test (DFT) to stencil gen-
eration, surface-mount technology (SMT), and 
test programming. It’s as simple as an if/then 
statement: if this condition exists, then take 
that action. If the system doesn’t know what 
this data represents, then it can’t do anything 
with it automatically.

Digitalization of the PCB manufacturing 
product model is smart data. It defines the PCB 
to be manufactured; and in so doing, it also 
defines the manufacturing processes required 
(Figure 1). The PCB design process evolves the 

Figure 1: Smart data enables seamless collaboration from product 
requirements through manufacturing, across multiple domains.

https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Technologie
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digital product model from concept to manu-
facturing hand-off with a lot of multidiscipline 
collaboration required along the way (such 
as schematic/layout, ECAD/MCAD, harness/
board, system/boards). Each step requires 
smart data to collaborate, and many checks 
along the way to ensure that nothing is cor-
rupted during the collaboration process.

At the PCB design stage, the major elements 
include:

• Component information (e.g., footprint, 
   pin contact areas, pin numbers, 3D 
   geometry, package type, part number, 
   simulation models, cost, status, 
   compliance, etc.)
• Schematics
• Multiboard structure
• 3D board (e.g., metal traces and shapes; 
   net properties; HDI, blind, buried, 
   and/or through vias; materials stackup; 
   rigid-flex regions; etc.)
• System connectivity
• Constraint sets for performance, 
   mechanical structure, and 
   manufacturability

Back in the origins of CAD, designs were 
much less intelligent (designers were just hap-
py it wasn’t tape). But over time, attributes 
have been added so that a design isn’t just 2D 
geometries; it’s filled with “smarts,” such as 
net names and types, rule sets, impedances, 
materials, manufacturers, region types, and 
package constructs. Unfortunately, often, all 
of this intelligence is stripped away when the 
data is sent to manufacturing, burdening them 
to recreate the intelligence to effectively tool 
the job.

The PCB manufacturing industry speaks of 
the goal to build a lot size of one. The trend 
in electronics is certainly in the direction of 
smaller lot sizes but think about the manu-
facturing front-end engineering responsibili-
ties today. They must take in a multitude of 
design data files, each of various formats and 
frequently with incomplete or conflicting data. 
Because the majority does not contain intelli-
gent attributes or properties, a manufacturing 

engineer is tasked with reverse engineering the 
data so that the proper work instructions, tool-
ing, and programming can be done. 

Whenever the data package is incomplete 
or contains contradicting data, the job is put 
on hold while it is resolved with the customer. 
Optimizing for a lot size of one is impossible 
if your front-end engineering consumes days 
of manual effort. Contrast that with Amazon. 
Do you think they could be proficient fulfilling 
your order of a lot size of one without automa-
tion? Optimization equates to efficiency—it’s a 
low-cost producer without sacrificing quality.

An excellent paper by Roland Berger, “In-
dustry 4.0 and Its Impact on Electronics As-
sembly,” defines 20 building blocks of Industry 
4.0, and one of them is DFM. At a basic level, 
this is the process of determining if the PCB 
design can be manufactured without issue, or 
ideally, whether the PCB design has been op-
timized for manufacturing—that is, it can be 
manufactured and tested at the lowest possible 
cost with the highest yield and reliability. If the 
PCB design data input to the DFM software has 
the full set of attributes and properties as ex-
ists in the electronic design automation (EDA) 
data, then the DFM software can automatically 
identify which DFM checks are applicable for 
that design and what is the correct technology 
classification to use in selecting the right DFM 
rules values.

For instance, if the design data is represented 
in ODB++ format, the receiving DFM system 
will know the construction is sequential lami-
nation and which layers each of the drill files 
span. It can then perform DFM checks based 
on microvia and HDI technology without any 
human intervention. Without that level of in-
telligence, the DFM user would need to re-es-
tablish the layer construction and associated 
drill files to the appropriate layers before they 
then have to determine the DFM rule sets to 
use. You might say it’s not rocket science, but 
what happens when the drill drawing contra-
dicts the layer names in the data files? Smart 
data eliminates that potential risk and allows 
for a streamlined DFM process (Figure 2).

On the assembly side of DFM, we need to 
know component and lead types and IPC clas-
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sifications. Merely having a bill of materials 
(BOM) doesn’t tell us everything we need. The 
BOM doesn’t give us an easy way to determine 
if we have a tall component too close to a rout-
ed slot. Nor can it tell us if the AOI system is 
going to have difficulty seeing adjacent leads 
because of shadowing from tall components. 
But when the BOM is merged with the CAD 
data to make intelligent data, all of the neces-
sary manufacturing checks can be automated.

Product testability is another critical ele-
ment of the deliverable to manufacturing. If 
the product is not easily testable, the ability to 
deliver cost-effective functioning boards is af-
fected. In the same way, good DFM principals 
are now part of the design process, good DFT 
is needed throughout the process. Leaving it 
to the end, or not addressing it at all, delivers 
an incomplete product model to manufactur-
ing, which affects deliveries, quality, and over-
all product cost.

The requirement for smart data is not lim-
ited to conventional rigid PCBs. Smart data is 
required for flex and rigid-flex technologies 
because they use different materials and de-
sign features. The DFM system must be able to 
know automatically where the bend area is as 
well as the stiffener, coverlay, and silver mask 
zones (Figure 3).

We also need to think of smart data in terms 
of digitally modeling the manufacturing pro-
cesses. This digital twin of manufacturing pro-

cesses enables designers to benefit from in-
telligent DFM concurrent with the layout pro-
cess—the left-shift strategy. If designers can 
identify areas to improve their PCB design 
while they are doing the design, they greatly 
reduce the number of revisions necessary to 
ramp their designs to volume production. The 
digital manufacturing twin of process capabil-
ities makes it easier for them to achieve this  
optimization without having to possess the 

Figure 2: Intelligent data allows DFM software to automatically recognize an HDI design.

Figure 3: Proper DFM of flex circuits requires intelligent 
data from EDA to systematically identify the various 
zones of material.
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Additionally, we can envision predictive an-
alytics finally becoming mainstream. What if 
you could apply empirical manufacturing and 
quality data on a new design to predict yield, 
cost, and reliability based on the technology, 
materials, and manufacturing processes re-
quired? Unless the manufacturing data col-
lected is applied with the same level of intelli-
gence and automation back to design, Industry 
4.0 will not reach its full potential.

Smart data empowers automation, which 
drives efficiencies, even at a lot size of one. 
That is the whole objective of Industry 4.0. 
Why start your smart manufacturing strate-
gy with a handicap? Insist on smart data in-
stead. DESIGN007

Reference
1. “German Industry 4.0 Index 2018,” a study from 

Staufen AG and Staufen Digital Neonex GmbH.

Patrick McGoff is a market 
development manager for 
Mentor, a Siemens Business.

David Wiens is Xpedition product 
marketing manager with 
Mentor, a Siemens Business.

manufacturing expertise because it’s built into 
the system.

However, the manufacturing digital twin is 
not limited to a single supply partner. Ideal-
ly, you would have a digital twin of all of your 
manufacturing partners’ capabilities so that you 
could see an aggregate impact of your designs.

Material optimization is another element of 
the digital twin. Being able to see the material 
utilization of the assembly panel design based 
on your fabricator’s panel sizes gives you the 
ability to adjust the assembly panel configura-
tion to lower your costs. A rotation of a board 
or a nesting of boards may permit you to get 
additional boards on every panel, and that 
equates to savings for you.

All of this aligns with the objectives of Indus-
try 4.0. In probably the best summary state-
ment of Industry 4.0 that I have seen, Danie-
la Schäffer of Murrelektronik GmbH [1] states, 
“Digitization is becoming a great opportunity 
for many companies. The challenge will be to 
digitize the right thing and use Industry 4.0 not 
only as a ‘showcase object’ but also as an in-
strument for optimization.” 

In the future, we can expect advances in au-
tomation of the feedback from manufacturing. 
Today, the DFM rules are updated manually 
based on the manufacturing lessons learned. 
Looking ahead, it makes sense that if the qual-
ity data has the same level of smarts as the 
DFM data, the DFM rules could be dynamical-
ly updated based on user-defined criteria.

Scientists believe that silicon could be the answer to 
your battery woes with the potential for a charge capac-

ity 10 times larger than current 
lithium-ion batteries. But sili-
con has a tendency to frac-
ture and break with numerous 
charge and discharge cycles 
due to volume expansion and 
contraction as silicon absorbs 
and releases lithium ions.

Now, University of Alberta  
chemists have published re-

search that takes a critical step in solving this prob-
lem, studying the effect of nanostructuring the silicon  
within lithium-ion batteries to understand the importance 
of size.

Researchers examined silicon nanoparticles of four 
different sizes within highly conductive graphene aero-
gels. The results show that the smaller the particle, the 
less likely it is to crack or fracture upon lithiation.

The next steps are to develop technology for creat-
ing silicon nanoparticles in a faster and less expensive 
way, making these tools more accessible for industry and 
technology developers. (Source: University of Alberta)

Tiny Silicon Nanoparticles Cement New Era for Ultra-high Capacity Batteries



THE BODY ELECTRIC
2019 MEDICAL ELECTRONICS SYMPOSIUM
The John A. Spitzer Conference Center at 
Lorain County Community College in Elyria, Ohio

The human body is an extremely complex “electrical (neurological) system”, with compa-
nies continuing their quest to understand and improve capability as related to neural 
interface, basically connecting the human body directly into computers! There is no 

question, capabilities in smart phone/watch technologies connected to the internet erases 
any doubt of the potential to connect people to computers. 

With the brain being the human equivalent of the “MicroProcessor”, semiconductor com-
panies such as IBM, Intel, MicroChip and MicroSemi have been well aware of potential for 
connectivity. Others have taken knowledge of neural interface to help humans manage their 
internal electrical systems, including Medtronic, Philips and Abbott, with a range of pace-
makers, defibrillators and neural therapies. 

Expanding the potential scope of linking the brain to computers and to the internet has 
attracted the likes of Amazon, Apple, Facebook, Google, MicroSoft, Neuralink and others, 
adding to the list that already includes J&J, G.E., T.I., Stryker, and Edwards. MicroProces-
sors and other ASIC Chips, coupled with MEMS and Sensors, are now seen as the “next-
big-thing” over the next 5 years looking at the Internet-of-Things (IoT).

This event will bring together experts to cover topics such as: 
   Forecasting and Analytics
   MEMS, Sensors and Integrated Circuits
   Implantable Devices and Neural Interface
   Medical Robotics, Equipment, and Prosthetics
   Packaging and Board Level Assembly
   Advanced Materials and Reliability

For more information about event attendance, sponsorships, or exhibiting, please email 
bcooper@meptec.org with the subject line “The Body Electric”. 

Special SMART Microsystems 
Facility Tour Planned for 
Wednesday, May 22nd

Presented by 

VISIT SMTA.ORG/MEDICAL FOR MORE INFORMATION

http://iconnect007.com/ads/links.php?id=11032


16    DESIGN007 MAGAZINE   I   APRIL 2019

The term “fragmented manufacturing” is a 
good way to describe current assembly manu-
facturing challenges in an Industry 4.0 environ-
ment. Even in Germany, productivity reported-
ly continues to decline. To reach the upside of 
Industry 4.0, data flows relating to design play 
a major role—one that brings significant op-
portunity to the overall assembly business.

The assembly sector always complains about 
the increasing mix of products that are being 
scheduled together with lower volumes. It’s 
ironic when we consider the massive growth 
in the application of electronics into virtually 
every device that we use. Surely, that means 
that volumes overall should be going up. 

Unfortunately, the industry has become like 
an old, mechanical hard disk. We are trying to 
squeeze through more and more data into a de-
vice that appears to be working more slowly, 
but the files on the disk have become fragment-
ed. Instead of the data being stored in one long 
group record, files are split up into many pieces 
and stored in different places on the disk. It is 
as if instead of going to the supermarket, you 
have to pick up groceries from many shops on 
the high street, one by one. Windows 10 now 
turns on periodic hard-disk defragmentation 
automatically, so most people don’t even no-
tice this issue anymore. Can we do the same in 
our assembly manufacturing plants?

Standards-driven, Digital Design Flow 
for Industry 4.0

Accelerating Tech—Insights from the Smarter Factory
Feature Column by Michael Ford, AEGIS SOFTWARE
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Assemblers have been driven to reduce 
or eliminate finished goods stock from the 
warehouse all the way through to the cus-
tomer with direct shipping preferred over the 
investment of stock in an expansive distribu-
tion chain and risk of depreciation as market 
demands change. This is in part a great op-
portunity for the resurgence of local manu-
facturing and a key driver of Industry 4.0. 
The assembly schedule, therefore, has to 
meet the almost daily requirements of the 
customer, over the complete range of prod-
ucts made. Hence, the high-mix and low-vol-
ume scenario. 

As this is a long-term significant business 
driver, assembly cannot continue to cling to 
the paradigm of optimized long-term planning 
as core parameters change every day. What is 

really needed is a way to manage the allocation 
of products to assembly line configurations im-
mediately in a way that optimizes the utiliza-
tion of resources. Accepting that we have to 
visit individual stores on the high street does 
not preclude us from planning to visit them in 
an efficient fashion, creating a sequenced jour-
ney that minimizes the walking distance from 
one to another.

Having seen the evolution of the core busi-
ness requirement, Aegis Software has been 
driving industry change through the use of new 
technology based on standards for some time. 
Assembly engineering and manufacturing are 
now going through a fundamental change to 
address the production fragmentation prob-

lem. Adaptive planning is a critical new solu-
tion within a modern digital engineering solu-
tion. The best practice flow is to receive the 
complete product design data inclusive of all 
required documentation related to the intent of 
how a product should be built. 

This is best achieved through the easily se-
cured, single-file IPC-2581 digital product mod-
el (DPM) design data exchange format. The 
digital engineering solution then assigns as-
sembly work required in the design to any ca-
pable production configuration, often on de-
mand, which meets the changing customer 
need. Lines selected to make the product need 
to receive a reliable standard form of infor-
mation with which the machines can be eas-
ily and quickly prepared without the need for 
lengthy teaching, learning, or any significant 
data translation. 

The combination of the IPC-2591 Connect-
ed Factory Exchange (CFX) standard and the 
IPC DPM achieves this with the digital engi-
neering solution providing the necessary envi-
ronment and tools. The digital MES also utiliz-
es CFX to create visibility of production status 
and events so that available line configuration 
opportunities can be identified. This is done 
with consideration of live optimization of the 
overall factory and product flow as well as of 
the supply-chain material availability and lo-
gistics to and from machines. The net result 
is the ability to execute a production job from 
receipt of design to the start of manufacturing 
on any line configuration in a mere fraction 
of the time traditionally required, eliminating 
much of the manufacturing downtime associ-
ated with process preparation. 

The opportunity for design is created from 
this new assembly digital engineering para-
digm. What happens in the process of assem-
bling a product has great value in the assess-
ment of the design itself in terms of product 
quality—both during assembly and in the mar-
ket—as well as long-term reliability. The use of 
IPC CFX and DPM standards as part of the digi-
tal MES environment means that data related 
to the choice of materials, process settings, test 
measurements, etc., can be gathered far more 
quickly, accurately, and consistently. 

As this is a long-term significant 
business driver, assembly 

cannot continue to cling to 
the paradigm of optimized 
long-term planning as core 

parameters change every day.
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Further, the direct correlation of data from 
each specific manufacturing fragment back 
to design revision enables the dis-
covery of factors that affect re-
al-world product performance, 
which can be influenced by de-
sign. Examples include the 
consideration of different 
materials that may be used, 
including control and re-
striction of materials, as well 
as the knowledge of differing 
process strengths and chal-
lenges to ensure a greater 
degree of testability and re-
duction of failure opportunity. 

Variation and change rep-
resent both cost and risk to 
assembly manufacturing, 
yet the trend is firmly estab-
lished in this direction. The vis-
ibility of fragmented manufacturing needs to 
be clearly understood as it happens. There is 
no longer the opportunity to spend days and 
weeks of industrial engineering activity, opti-
mizing the operation of a long-term, high-vol-
ume line. It is not beyond human ability to op-
timize defragmented production; we just need 
a little help. 

Using IPC standards, having a direct digital 
path for data flow from design through digital 
MES and then back to design has eliminated 
the variability of unknown, drawn-out events. 
In turn, we are creating an improvement op-
portunity for design, planning, and engineer-
ing for Industry 4.0 to operate effectively in a 
highly fragmented and volatile manufacturing 
operation. The gap between design and man-
ufacturing is an order of magnitude narrower 
and clearer now, leading the way for the op-
portunity to optimize design for easier and 
quicker manufacturing with greatly enhanced 
quality and reliability. Design is a key part of—
and benefits from—Industry 4.0.

The use of IPC standards means that the tra-
ditional barriers to advancement are removed. 
These include barriers caused by system and 
machine incompatibility that bring the need 
for manual intervention and associated loss of 

data integrity. If you are not utilizing the lat-
est generation of digital IPC standards togeth-
er with a modern digital MES solution within 
manufacturing, then you are missing the value 
from the technologies and best practices that 
they represent. 

It’s time to revisit the IPC-2581 digital prod-
uct mode as well as the new IPC CFX and start 
to discuss the real business opportunities that 
they represent in terms of the whole breadth 
of the design and assembly business. These 
technologies are analogous to the move from 
a mechanical hard disk to a solid-state drive 
(SSD), and in the near future, choosing to do 
your shopping online. Gotta keep up!  DESIGN007

Michael Ford is the senior director 
of emerging industry strategy for 
Aegis Software. To read past 
columns or contact Ford, click here.

http://smt.iconnect007.com/index.php/column/110581/accelerating-tech-insights-from-the-smarter-factory/110584/
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Feature by Happy Holden
I-CONNECT007

There’s a lot of talk about automation, but I 
find that there is very little available on auto-
mation planning. This is one of my specialties. 
I started by studying for an MSEE in control 
theory, which went well with my bachelor’s 
degree in chemical engineering because I spe-
cialized in process control and IC manu-
facturing.

Before we get started, 
remember that the benefits 
will be derived only if cer-
tain cardinal principles 
are observed. This arti-
cle briefly outlines the 
background of com-
puter-integrated man-
ufacturing (CIM) and 
its evolution to Indus-
try 4.0 and smart fac-
tories.

The characteristics of 
successful automation 
application in manufac-
turing depend on how well 
business and technical man-
agement understand and promote 
the strategies, tactics, and philoso-
phies used in modern manufactur-
ing. Successful automation implementation 
can be enhanced in any company, small or 
large, by reviewing the philosophies of CIM, 
automation, management roles, mechaniza-
tion, SPC, TQC, Lean, MRP, and DFM.

Computer-Integrated Manufacturing (CIM)
The strategies outlined here are considered 

CIM, but the current vocabulary now is “Indus-

try 4.0” or “smart factories.” Products include 
various software, computer, networking, inter-
face, and measurement systems. At that time, 
HP had been in the automation business lon-
ger than any other company. It all started with 
requests from the government and others for 
automated test and measurement systems. 
Because of the need to automate various mea-
surement instruments and systems, HP created 

the first machine-to-machine, plug-and-play 
protocol called HP Interface Bus 

(HP-IB). This was later formal-
ized into the IEEE-488 com-

munication standard.
CIM architecture was 

defined as early as 1980 
when the CASA/SME 
published a presen-
tation of computer-
integrated manufac-
turing to provide a 
common set of terms 
for its members. The 

ring surrounding the 
wheel represents various 

influencing factors for the 
development of CIM such 

as expertise as a human factor, 
productivity as an economic fac-
tor, and computer technology as a 
technological factor.

The wheel itself contains four functions, 
including engineering design, manufactur-
ing planning, production control, and factory 
automation (Figure 1). If the individual func-
tions are connected to each other and operate 
with a common database, an integrated sys-
tem architecture is created and represented by 
the hub of the wheel. This development has 
resulted in the realization that CIM, apart from 

Automation and the Smart Factory: 
Introduction to Industry 4.0

Figure 1: The CIM wheel 
defined by CASA/SME.
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factory automation and functions, is indirectly 
related to the operational performance, such 
as design (product/process), and production 
planning and control.

Additionally, CIM is linked to common busi-
ness administrative tasks such as manufactur-
ing management, strategic planning, finance, 
marketing, and human resource management. 
A further innovation was the addition of infor-
mation resource management and communi-
cations between the different functions. There-
fore, a common database alone is insufficient 
for achieving integration. The all-embracing 
nature of the CIM wheel reflects the idea pro-
moted by CASA/SME that CIM must be viewed 
as a concept embracing the company as a 
whole.

The Outer Ring
The common business administrative tasks 

related to CIM are located on the outer ring of 
the wheel. They primarily form the company’s 
connection to the outside world. Data pro-

cessing applications can be found in the most 
diverse areas. Most software systems applied in 
these areas were originally self-styled develop-
ments, which are increasingly being replaced 
with standard commercial software packages. 
Currently, this software is installed primarily 
on mainframes. Overlaps of its functionality 
exist mainly with the software of the produc-
tion planning and control.

The Inner Ring
Functions related to the operational perfor-

mance of the company are located on the inner 
ring of the wheel. Data processing applications 
for the development and design area are CAD 
simulations; analysis programs, such as the 
finite element method (FEM); and drawing 
storage and management, such as group tech-
nology (GT).  DESIGN007

To read the rest of this article, which appeared 
in the March 2019 issue of SMT007 Magazine, 
click here.

To break these limits, the Yale researchers created a 
device that consists of a series of waveguides. Light and 

microwave frequencies are sent through the device, 
and the light wends its way through 
alternating suspended and clamped 

waveguides on a single chip. 
This creates a positive 

and negative effect,  
corresponding to 

the microwave fre-
quency. The light spi-

rals in each of the wave-
guides to prolong the interac-

tion and maximize efficiency. 
Mechanical vibrations modulate 

the optical phase in each suspended 
waveguide spiral. The mechanical vibra-

tions essentially shake the photons, dispers-
ing them as if they were grains of sand. This accumulates 
to generate what’s known as deep phase modulation. 
(Source: Yale University)

Researchers at Yale University have developed a de-
vice that combines mechanical vibration and optical 
fields to control light particles better. The device 
has demonstrated an efficient on-chip shap-
ing of photons enabled by nanomechanics 
driven at microwave frequencies. Led 
by Hong Tang—the Llewellyn West 
Jones, Jr. Professor of Electri-
cal Engineering, Applied 
Physics, and Physics—
the results of their work 
are published in Nature 
Photonics.

Currently, the most common tech-
nique for manipulating photon frequen-
cy is with nonlinear optical effects where 
a strong laser essentially acts as a pump, controlling 
the color and pulse shape of a signal photon by providing  
extra photons to mix with the original one. However, the 
effect is weak, so the process requires a very strong  
laser, which creates noise. 

Photonics Breakthrough: Device That Shakes Light

http://iconnect007.uberflip.com/i/1088168-smt007-mar2019/34
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Feature by Denis Morin, Karel Tavernier, 
Jean-Pierre Charras, and Marius Matioc 
UCAMCO, KICAD AND PENTALOGIX

Gerber is the world’s favourite data exchange 
format for PCB image data: it’s easy to use, 
crystal clear, and gives designers and engineers 
an unequivocal language with which to com-
municate with each other. And this grand, old 
man of the PCB industry has remained at the 
forefront, powered by ongoing developments 
that add capability and functionality without 
ever compromising its characteristic simplicity 
and ease of use.

It’s the ideal solution for transferring drill 
data too, as can be seen from scanning the 
specification. And many in the PCB industry 
use it for just this, but the majority are still 
transferring their routing and drilling coordi-
nates using NC formats. These were never de-
signed for data transfer, and more often than 
not create confusion and waste time. 

Some argue that Gerber files, unlike NC files, 
can’t be sent to a drilling machine. True enough, 
but PCB manufacturers never send their clients’ 
incoming files to their machines anyway. In-
stead, the data goes through the CAM process 

and is then altered and output as is appropriate 
to the manufacturer’s specific production line. 
For CAD, the question should not be which for-
mat is best for the machines, but rather which 
format is best for input into CAM. As we’ve 
said, this is undoubtedly Gerber. 

So, why are CAD developers and their us-
ers still stuck on NC formats? It’s most likely 
a question of inertia or tradition. Drill infor-
mation has been transferred for decades using 
NC formats, principally Excellon, that are sim-
ilar to the 1985 IPC-NC349 specification. Also, 
there’s still a lot of legacy software out there, 
so NC files will likely be with us for a while.

The Problem With Existing 
NC Specifications

The problem is that so many NC files are of 
deplorable quality because the NC format was 
never designed as a data transfer format. It has 
always been a machine driver and contains all 
sorts of information that a drilling machine 
needs, but that is irrelevant and confusing for 
data exchange. For example, CAD software will 
typically ask users to specify whether routing 
should be achieved using nibbling or slot cre-
ation and which drill feeds and speeds are to 

XNC Format: Gerber Takes Data Into the Future 
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be used. These are decisions that only the fab-
ricator can make, and yet many CAD profes-
sionals will feel duty bound to give some sort 
of answer, which will inevitably be wrong.

Clearly, CAD developers will try to avoid 
such scenarios by going through their chosen 
NC format and picking what they believe is 
most appropriate for their software and the 
CAD to CAM data transfer process. This is not 
easy, as the language is dense, sometimes re-
dundant, and IPC-NC349 and Excellon 2 con-
tain legacy Excellon 1 code—most of which 
CAD developers don’t need. So, for fear of 
leaving out parts of the format that could be 
of value, developers tend to include more than 
necessary, which just adds more confusion for 
the CAD user. 

Despite the developers’ best efforts, it’s not 
always clear how to use parts of the NC for-
mats or if they are even capable of transferring 
certain data. CAD users will simply leave these 
parts out of their drill files and express the rel-
evant information as sidecar information in 
comments or in separate text files. 

But the biggest problem with these NC spe-
cifications is that, thanks to an age-old space- 

saving convention, the drilling coordinates lack 
a decimal point. That’s okay if there’s a com-
mand or header in the file that indicates where 
the decimal point must be—the so-called fixed 
“point format.” But in Excellon files, there  
is no such instruction or standard for saying 
where it should be, so designers are on their 
own. Similarly, there is no standard for expres-
sing whether the designs are in imperial or  
metric measurements. The Excellon specifica-
tion does mention defaults, but these are also 
confusing and can end up being used in diffe-
rent ways.

All of this places the final responsibility on 
the CAM engineer to try different possible  
variants until the drill files fit with the copper 
files. This is fine—if not great—when handling 
normal boards, but is not okay when handling 
RF boards, for example, where there are no cle-
ar pads to fit the holes.

An additional issue in the NC stakes is that 
the specification is no longer published, so 
the industry has relied for decades on copies  
of copies that may be infringing copy- 
right protections. And the IPCNC-349 specifi-
cation—which is dense, overcomplicated, and 

Figure 1: An example of the many steps of the process from PCB design to manufacturing.
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full of overlapping methodologies—is hardly 
in circulation because it’s expensive. So, iron- 
ically, the PCB industry is likely developing 
NC files based on non-existent, illegal, incom-
prehensible, or unaffordable specifications. 
And when it’s not, CAD software is reverse en-
gineered from the clutter of existing NC files. 

XNC
So, where do we go now as an industry,  

given that we’re not yet ready for Gerber drill 
files? Fortunately, there’s a new format for PCB 
drill data that takes all the confusion out of 
CAD software development and the CAD-to-
CAM drill data exchange process. Designed by 
Ucamco, KiCad, and PentaLogix with the sup-
port of Graphicode, Cuprum, and ZofzPCB, 
XNC is a strict subset of the widely used NC 
format.

We believe that the first step towards impro-
ving the NC drill chaos is to develop a sim-
ple, clear specification without embellish- 
ments—one based on an existing format 
that can be read by all decent PCB drill in-
put software. To this end, we have taken gre-
at care to design the CAD/CAM Exchange NC 
(XNC) format—a complete, compact, and une-
quivocal subset of IPC-NC-349 that is capable 
of exchanging CAD/CAM drill information  
without the need for additional sidecar files. 

And we’ve added to this the power of Gerber- 
type metadata or attributes. XNC attributes 
can be attached to the complete file, tools, or 
individual holes, describing characteristics in a 
standard, flexible way using similar syntax to 
that used for Gerber attributes. XNC files are 
compatible with Gerber X2 and can be added 
seamlessly to X2 data sets while also ensuring 
that the format is compatible with software 
that does not read attributes.

With XNC, CAD developers can create output 
software easily and quickly, using formats that 
are already well known but without the head- 
ache of having to wade through and choose from 
a bewildering array of possibilities and function- 
alities, or reverse engineer from multiple in-
complete and confusing NC files. We guarantee 
that if CAD developers limit themselves to using 
just the XNC format, they will give their clien-

ts exactly what they need—a tight file format 
that will improve the CAD-CAM data transfer 
process overnight, and an NC reference towards 
which the industry can work so that NC files 
converge to a common standard.

Conclusion
Existing NC drill data CAD-CAM transfer 

processes are deeply flawed thanks to confu-
sion at every level of the CAD and CAM in-
formation development process due to in-
dustry inertia and inappropriate data format 
specifications. A lot of time and resources are  
being wasted by CAD software developers try-
ing to make sure that every eventuality has been  
accounted for in their software, CAD profes-
sionals delivering irrelevant and non-standard 
information about their designs, and CAM  
engineers interpreting the results. A new drill 
data exchange specification designed by some 
of the industry’s leading PCB software provid-
ers and based on an existing and known NC  
format promises to alleviate many of the issues 
and pave the way to a new industry standard 
for NC formatting and files.

The first version of the specification of the 
XNC format can be found here.  DESIGN007

Karel Tavernier is the managing director 
of Ucamco with 30 years of experience 
in software and imaging equipment.

Denis Morin is a software application 
engineer on Ucamco’s European 
support team.

Jean-Pierre Charras is the founder of 
KiCad, researcher at Laboratoire des 
Images et des Signaux, and a professor 
in electronics engineering and image 
processing at IUT in France.

Marius Matioc is the creator of Lavenir 
CAM software and head of product 
development at PentaLogix. 

https://www.ucamco.com/files/downloads/file/305/the_xnc_file_format_specification.pdf
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Feature Interview by Andy Shaughnessy
I-CONNECT007

During AltiumLive in Munich, I met with 
Robert Huxel, XPLM’s director of business de-
velopment for EMEA and APAC. XPLM offers 
data integration for some of the big EDA tool 
companies, and their tools can integrate ECAD 
and MCAD data into PLM systems. I asked 
Robert to tell us about the requirements of to-
day’s PLM tools, the changing world of ECAD 
and MCAD integration, and whether these two 
types of data are ever going to converge.

Andy Shaughnessy: Good morning, Robert. Can 
you tell us a little about XPLM?

Robert Huxel: XPLM is one of the most popu-
lar providers of integration between engineer-
ing applications and PLM systems. And if I’m 
going to talk about engineering applications or 
authoring tools, we are talking about mechani-
cal design, electronic design, electrical design, 
software, simulation, and some other tasks. 

Meanwhile, you have the business world. 
We’re talking about the life-cycle management 
area. Product management means that these 
disciplines of the engineering side must some-

where come together to build up a project, and 
a project doesn’t consist of just an enclosure 
or a PCB or a cable; it is a combination of all 
of them. 

Years ago, at the very beginning of this up-
coming world of PLM systems, the integration 
from mechanical applications was popular. Ev-
ery mid-range and high-end company wanted 
to have an integration of their ECAD data to 
MCAD to the PLM world. That’s where XPLM 
came from around 15 years ago—integrating 
those types of applications—followed by elec-
trical cable and harness design. Today, many 
companies demand an integration from ECAD 
tools to the PLM world. For ECAD tools, we 
are talking about Altium, Cadence, Mentor, 
and many more.

Shaughnessy: I understand that you’re partner-
ing with PTC also. 

Huxel: Exactly. PTC is quite a special partner. 
PTC had their own ECAD integration and they 
“sunset” this integration. Now, XPLM is the 
qualified partner for making integrations be-

XPLM: 
Using PLM 

to Integrate 
ECAD and 

MCAD Data
Robert Huxel
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tween the ECAD world and PTC, the Windchill 
software PLM system.

Shaughnessy: Who is a typical type of custom-
er for XPLM? We would think of automotive, 
because of all the different types of legacy data.

Huxel: I have seen so many companies, even 
in the automotive industry, that do not have a 
PLM system. Now, the automotive industry is 
forcing their Tier 2 customers with PLM sys-
tems already in place to identify which part 
is built in which series of each car. And yes, 
typically, our customers are across all the do-
mains—not just automotive. It is really going 
across all areas, such as medical and aero-
space too. All of these industries are affected 
by that. 

Many companies today have a PLM system. 
I do not want to say that this market is settled, 
but the high-level companies have at least one 
PLM system, and most of the large compa-
nies are doing electronics today—not only 
mechanics or electrical or software—which is 
why the demand becomes more and more. In-
tegrating an ECAD system is a little bit more 
complicated than just a mechanical thing—
an enclosure. It is one thing. Like a screw is 
a screw is a screw, but a PCB consists of far 
more data. It’s not only the native data and 
what the authoring tool can read and write; 
it’s also the created and generic data for man-
ufacturing.

Shaughnessy: And even terms are different 
from country to country or company to com-
pany, such as “template.” Other countries and 
companies may have a different term for the 
same thing.

Huxel: Absolutely. With the ECAD world, it 
uses a totally different language. 

Shaughnessy: And with PLM, there’s this big 
component shortage with some discretes be-
ing almost impossible to find now. You look 
for them, and they have 50- or 80-week lead 
times. It seems like this would be a really 
handy thing.

Huxel: Right. Going from the component level, 
thousands of components are introduced ev-
ery day. Some of them have reached the end 
of life because they’re antiquated, obsolete, 
etc. It depends on the structure and culture of 
the company where this kind of data is stored. 
It is very often stored in a PLM system, but 
there are also other techniques around. Web-
based platforms provide this kind of informa-
tion too, and it depends on how a company 
is structured. If this information is tied to the 
PLM system and synchronized with the ECAD 
world, it has direct integration into the ECAD 
tools.

Shaughnessy: That sounds like kind of a brave 
new world if you can integrate the two because 
they both developed separately for so long.

Huxel: Right. MCAD would be way closer to a 
PLM than ECAD, even today. But the ECAD in-
tegrations have been around for more than 25 
years. They had been on the market since that 
time, but the demand from the industry hadn’t 
been really high. In the early days, adopters 
had been high-end companies; today, we’re 
going down to the standard of 1,000-employee 
companies and smaller. Because they all have 
time pressure, they have to follow the time-to-
market rules and stuff like that, and they need 
to identify what happened to specific data and 
make sure everything is in order to trail back-
ward.

Shaughnessy: When you’re selling, you’re sell-
ing to the management; you’re not selling to 
the PCB designer or design engineer. You want 
the boss to see the value in this.

Huxel: Exactly. So, the electronics engineer 
wants to get rid of additional work. Clearly, 
integration is not cheap, and it is not free. We 
have to talk to management.

Shaughnessy: Great. Thanks for speaking with 
me, Robert.

Huxel: Thank you, Andy.  DESIGN007
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Flex Talk: Don’t Build Flex That 
Doesn’t Flex E
One of the primary advantages of moving to 
a flexible circuit design from a rigid board is 
the ability to package the flex in three dimen-
sions, bending or folding into imaginative con-
figurations and saving precious space in the fi-
nal package.

It’s Only Common Sense: 
So Long, Marty E
Let me tell you about my good friend Marty 
Petersen. He was one of the most intriguing 
people I have ever met and had the pleasure to 
work with. Marty was always all in, whatever 
task he undertook. When I met him, he was 
handling the purchasing for us at Automated 
Systems, the PCB shop we both worked at just 
outside of Milwaukee.

Insulectro Sees Growth and Opportunities 
in Printed Electronics E
Judy Warner speaks with Tim Redfern, In-
sulectro president, and Kevin M. Miller, VP of 
sales, about growth in the printed electronics 
market, the direction Insulectro is going, and 
opportunities for North American PCB suppli-
ers. They note that the company will increase 
their focus and investment in the printed elec-
tronics market.

Ventec at APEC 2019: Thermal
Management and IMS Solutions for 
Power Electronics E
Ventec International Group will showcase 
Ventec’s latest power electronics PCB material 
technology innovations at APEC 2019, which 
is taking place at the Anaheim Convention 
Center from March 18–20 in Anaheim, Cali-
fornia, USA. 

Institute of Circuit Technology Evening 
Seminar E
The Institute of Circuit Technology hosted its 
first 2019 seminar at the Woodland Grange  
Hotel in Royal Leamington Spa in the  
Midlands of England on February 26. The di-
verse programme of four presentations was  
introduced by ICT Chairman Andy Cobley, a 
professor at Coventry University, who stood in 
for Bill Wilkie, who had been taken ill at short 
notice.

The Right Approach: Industry 5.0—
Can We Learn From Other Industries? E
The last few IPC APEX EXPO events have fo-
cused heavily on Industry 4.0, which is all 
about the Internet of Things (IoT), automa-
tion, and data exchange between machines.

Inspiring the Next Generation of
Industry Leaders: IPC STEM Student 
Outreach Program E
At IPC APEX EXPO 2019, I-Connect007 Man-
aging Editor Patty Goldman spoke with Co-
lette Buscemi, IPC’s senior director for educa-
tion programs, about the success and expan-
sion of the IPC STEM Student Outreach Pro-
gram, activities and scholarship opportunities 
for students through sponsor support—includ-
ing I-Connect007—and feedback she received 
on the event.

Isola Executive Vice Chairman and Acting 
CEO Travis Kelly on the Upcoming Year E
Isola Executive Vice Chairman and Acting CEO 
Travis Kelly discusses the recent milestones for 
the company, including the leadership tran-
sition. Travis also outlines his agenda for the 
upcoming year and gives an update on Isola’s 
new facility in Chandler, Arizona.
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We also hosted our officer elections. Here 
are the newly elected officials for the San Di-
ego Chapter:

• Luke Hausherr, chairman (president)
• Ben Savage, vice chairman
• Bill Gebhardt, treasurer
• Judy Warner, education director
• John Carney, secretary
• Bob Griffith, member at large

Our chapter’s plans for this year include:

• Working with the national IPC council to 
   obtain more funding 
• Creating a website for our chapter to 
   attract new members
• Working with colleges and other avenues 
   and existing connections to attract new 
   members 
• Hosting an event at the Del Mar Electronics 
   and Manufacturing Show (DMEMS), our 
   biggest event of the year

San Diego Chapter Updates 
and More 

This month’s column is packed with recent 
activities, including a spotlight on the San Di-
ego Chapter and an interview with Luke Haus-
herr, the new chapter president. You’ll also 
find an update from the IPC Designers Council 
Executive Board as collaboration with the new 
IPC Education Foundation continues to evolve 
and recommended reading featuring an inter-
view with a young designer.

Chapter Spotlight
by Luke Hausherr, CID+
SAN DIEGO CHAPTER

On March 12, the San Diego Chapter hosted 
our first meeting of the year. Presenter Michael 
Goode discussed IC package design. It was a 
very informative meeting, and we learned a lot 
about the different types of IC package design 
and how it is done. The audience was very en-
gaged with over 25 people in attendance.

The Digital Layout
by Stephen Chavez, CIT, CID/CID+, IPC DESIGNERS COUNCIL

Figure 1: New San Diego Chapter leadership (L–R, back row: Bill Gebhardt, Ben Savage, Luke Hausherr, John Carney; 
front row: Bob Griffith, Judy Warner).
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tary of our local San Diego Chapter. This year, 
I was nominated and elected to become the 
president of our chapter to replace Bob Griffith 
who had served since 2007. At the same time, 
I was also nominated to become a member of 
the IPC Executive Designers Council, which is 
an important role. By being both the president 
of my local San Diego Chapter and a member 
of the IPC DC Executive Board, I will be able to 
better serve both my chapter and the IPC DC. I 
can help integrate local chapter efforts and re-
sources from IPC to serve our San Diego design 
community. I hope to be a more effective voice 
while representing our local chapter on the na-
tional level; it’s a great opportunity.

I’ve always used IPC standards to add quality 
and reliability to my designs. I received my CID 
certification after being in the industry for two 
years back in 2006, which increased not only 
my knowledge for fabrication and assembly but 
also my confidence and skills to advance to a 
more senior-level designer rapidly. I’ve been 
active in the San Diego Chapter for about sev-
en years now, but I’ve been involved with IPC 
since the start of my career over 15 years ago.

Benson: What made you decide to join leader-
ship?

Hausherr: I attended San Diego Chapter meet-
ings since the start of my career, and I was al-
ways interested in getting more engaged. When 
the opportunity arose to join as secretary, I ea-
gerly took on the role. I immediately started 
trying to locate all of the PCB designers in San 
Diego to invite them in our chapter events and 
increase attendance at our local meetings held 
4–6 times throughout the year.

Benson: How do you think you can have an im-
pact on the IPC DC?

Hausherr: I am extremely passionate about de-
sign and always eager to increase our member-
ship as well as engage the community by help-
ing spread information about design resourc-
es. I love meeting new designers and learning 
about technologies and advancements in our 
industry.

As usual, the chapter meeting ended with a 
raffle giveaway where many people won priz-
es to take home. I’d also like to thank San Di-
ego Chapter members and the new leadership 
team for all of their support as I take on this 
new role and hope to contribute to the success 
of the chapter. Our next chapter meeting will 
take place at the DMEMS on May 1.

Feature Interview
by Duane Benson
SCREAMING CIRCUITS
I-CONNECT007 COLUMNIST

San Diego PCB and 
Screaming Circuits are 
both divisions of Mil-
waukee Electronics 
headquartered in San 
Diego, California, with 
offices in Phoenix, Ar-
izona, and Milwaukee, 
Wisconsin. As market-
ing manager and CTO at Screaming Circuits, 
I interviewed Luke Hausherr, senior PCB de-
signer at San Diego PCB and newly elected San 
Diego Chapter president, about his vision for 
the chapter. Luke was also elected to the IPC 
DC Executive Board on March 11, which he 
views as an important position for the San Di-
ego Chapter because it will help provide more 
local representation.

Duane Benson: Congratulations on your new 
roles with the IPC Designers Council. How 
long have you been active in the IPC DC? 

Luke Hausherr: In 2012, I was elected secre-

Duane Benson
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Benson: Do you have any specific 
goals for the San Diego Chapter?

Hausherr: My goals have been and 
always will be to engage as many 
designers through our chapter as 
possible. I also want to utilize my 
position on the Executive Board 
to leverage resources to deliver 
a variety of presentations from 
powerhouse keynote speakers 
and industry leaders available at 
our chapter meetings. 

Benson: What’s the primary ben-
efit that the IPC DC brings to your 
design community?

Hausherr: Since there are very few 
educators and resources for de-
signers to continue to grow in their knowledge 
of technologies and advancements in the in-
dustry, the primary benefit is education. I’ve 
learned more from industry leaders at these 
events than in 15 years of designing in my pro-
fession alone. This organization allows people 
who may be captive or in a bubble to engage 
in real-life demonstrations of new materials, 
equipment, technologies, and practices. We 
also learn about things from different profes-
sions and perspectives in the industry so that 
we can better understand electronics manufac-
turing as a whole. 

There’s always room for improvement, but 
if there isn’t any guidance on how to improve 
specifically, unfortunately, we can become 
stagnant, or even worse, become accustomed 
to producing and performing subpar practices 
and not even realize it. Everyone in the indus-
try can benefit from being a part of an IPC DC 
chapter; it serves as a great learning and net-
working opportunity for anyone from sales to 
engineering. If there is anyone out there that 
would like to get involved with the San Diego 
Chapter or just learn more about our organiza-
tion, please feel free to email us at ipcdc.sd@
gmail.com.

Luke Hausherr has over 15 years of indus-
try experience and has worked on hundreds of 

designs throughout his career for a variety of 
companies and end usage. Luke has designed 
projects ranging from analog, high-speed RF, 
and dense high-speed digital boards for vari-
ous applications, such as aerospace, automo-
tive, military, medical, IoT, and more. He has 
trained many PCB designers, supervised de-
sign teams, and written numerous training 
documents. In addition to his leadership posi-
tions with the San Diego Chapter and IPC DC 
Executive Board, Luke also serves on the ad-
visory committee for the mechanical/drafting 
department at Palomar Community College. 

IPC DC Executive Board
On March 11, the IPC DC Executive Board 

had its initial meeting with the new IPC Ed-
ucation Foundation to discuss collaboration 
moving forward. The bulk of the meeting was 
spent roadmapping. Due to the complexity 
and individual time constraints with every-
one involved, a follow-up meeting was held on 
March 21 to continue working on the roadmap 
activities. Stay tuned for further updates.

Recommended Reading
In the spirit of continuing to highlight pos-

itive activities, especially when it comes to 
fellow designers in our industry, the recent-

Figure 2: San Diego DC Chapter members Ben Savage (L) and 
Luke Hausherr (R) look on as Bob Griffith makes a point.
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ly published inter-
view with Nicole 
Pacino, team lead 
of Cobham, a de-
fense contractor, 
by Design007 Man-
aging Editor Andy 
Shaughnessy is a 
highly recommend-
ed read indeed. 
The interview took 

place at AltiumLive in Munich and discuss-
es how Nicole (the newer generation of PCB 
designers) became involved with PCB design 
at an early age, being heavily influenced and 
mentored by her father, Mike Creeden, MIT, 
CID+. Nicole, like other designers in the indus-
try, has grown to have a very fruitful career as a 
PCB designer. She closes the interview with her 
advice for new designers and explains how she 
stays up to date on the industry and pursues 
continued professional development. 

2019 Training and Certification Schedule
IPC Certified Interconnect Designer (CID)

• April 22–25: Schaumburg, IL
• May 21–24: Pittsburgh, PA
• June 18–21: Kirkland, WA
• August 6–9: Baltimore, MD
• August 26–29: Markham, ON
• September 6–9: Santa Clara, CA
• September 19–22: Schaumburg, IL
• October 21–24: Anaheim, CA
• November 2–5: Raleigh, NC
• November 5–8: Dallas, TX

IPC Advanced Certified Interconnect Designer CID+
• April 16–19: Markham, ON
• September 6–9: Santa Clara, CA
• September 10–13: Kirkland, WA
• September 19–22: Schaumburg, IL
• October 21–24: Anaheim, CA
• November 2–5: Raleigh, NC
• December 3–6: Manchester, NH

Note: Dates and locations are subject to 
change. Contact EPTAC Corporation to check 
current dates and availability. A minimum 

enrollment of seven students is required for a 
class to be held.

PCB Design Events

Del Mar Electronics and Manufacturing 
Show (DMEMS)
• May 1–2: San Diego, CA
• manufacturing.show

PCB2Day
• Controlling noise, EMI, and signal integrity 
   in high-speed circuits and PCBs
• April 17–18: Seattle, WA
• June 13–14: Boston (Chelmsford), MA
• pcb2day.com

Realize LIVE
• June 10–13, 2019: Detroit, MI
• Realize LIVE

PCB West 2019
• September 9–11: Santa Clara, CA
• pcbwest.com 

AltiumLive 2019
• October 9–11: San Diego, CA
• altium.com/live-conference

The IPC Designers Council is an interna-
tional network of designers. Its mission is to 
promote printed circuit board design as a pro-
fession and to encourage, facilitate, and pro-
mote the exchange of information and inte-
gration of new design concepts through com-
munications, seminars, workshops, and pro-
fessional certification through a network of 
local chapters.  DESIGN007

Stephen Chavez is a member of the 
IPC Designers Council Executive 
Board and chairman of the commu-
nications subcommittee. To read 
past columns or contact Chavez, 
click here.

Nicole Pacino
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At a recent Sunstone Circuits planning sum-
mit, Matt Stevenson, VP of sales and market-
ing, and I led a wide-ranging discussion about 
emerging technologies and how they will im-
pact PCB manufacturing (Figure 1). The fol-
lowing is an abridged transcript of this conver-
sation.

Which Industries Have the Most Innovative, 
New Technology?

Matt Stevenson: One industry we’re seeing a 
change in is transportation electronics. Bat-
tery-powered vehicles, autonomously driven 
vehicles, additional sensors and gadgets, and a 
focus on Bluetooth use are all happening in the 
transportation industry more so now than ever. 
From a PCB manufacturer standpoint that’s 
pretty exciting.

Bob Tise: There’s also more complexity be-
cause of the functionality requirements. That 

makes it all the more important to ensure de-
signs are manufacturable and that the boards 
will perform as needed in their operating envi-
ronments.

Stevenson: Yes, and these electronics are con-
tinuously becoming smaller and faster.  Vehi-
cles require circuit boards that can withstand 
extreme temperatures, vibration, and dirt. Af-
ter outer space, it’s the most demanding envi-
ronmental category there is. We need to design 
for big swings in temperature from Siberia to 
Dubai. Putting a car in the sun in some places 
in the world at 250°F (~120°C) is not unheard 
of in the cabin or under the hood (Figure 2). 
As more and more electronics are used to op-
erate our cars, the devices in them keep getting 
smaller. Ensuring the devices do not trade du-
rability for functionality and size is a big chal-
lenge for PCB designers and manufacturers. 

Preparing for Tomorrow’s 
Technology Today

Connect the Dots
by Bob Tise, SUNSTONE CIRCUITS

Figure 1: Bob Tise (L) and Matt Stevenson (R) meet to 
discuss emerging technologies.

Figure 2: Vehicles require circuit boards that can 
withstand extreme temperatures.
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How Are PCB Manufacturers Meeting 
Challenges Like These?

Stevenson: It is necessary 
to use materials—such as 
laminate, fiberglass, epoxy, 
thermoplastic—that work at 
the right speed, at the right 
temperature, and in the 
right condition. Each mate-
rial has a specific range of 
electronic speed and stabil-
ity in addition to the associ-
ated environmental concerns. To be a full-ser-
vice automotive supplier, you must be able to 
support all of those needs at all times to pro-
duce robust, long-lasting boards. 

Are You Witnessing Similar Trends in 
Other Industries?

Tise: Use of electronics is exploding in the 
health services industry as well. Because med-
ical facilities are sterile, electronics used there 
must withstand exposure to chemicals needed 
to keep them clean. Any electronic used in a 
medical facility has to be completely encapsu-
lated in a hardened plastic case, or it has to be 
disposable. 

Stevenson: And because of the nature of their 
use, the devices have to be small and high-
ly functional. There’s a lot of innovation, but 
there are also challenges unique to the indus-
try. In addition to what we’ve already dis-
cussed, it’s important to remember every de-
vice used in the medical industry has to go 
through FDA requirements before it can be im-
plemented, which means a multi-year test and 
validation process. That’s a lot of iterating. So, 
if you’re in that space, you depend on trusted 
partners to help you through that process.

What Are You Doing to Support Your 
Customers in the Healthcare Space? 

Tise: We maintain standards of IPC-A-600 
and IPC-6012, which are divided further into 

a Class rank. Class 3 is stringent. A customer 
wanting to reach Class 3 to have it be usable in 
the medical industry or anywhere else would 
need to design a top-shelf board. We help them 
get there. 

Stevenson: Also, it takes multiple spins and re-
visions within the circuit board testing process 
as well as expert advice to catch design flaws 
and make modifications quickly. It helps to 
have a seasoned professional at hand to keep 
customers on track in their testing processes. 
That’s a value-add service Sunstone Circuits 
provides to engineers.

How Are Robots Coming Into Play? 

Stevenson: As robotics become mainstream in 
every industry, including automotive, medical, 
military, and with cameras and making mov-
ies; pretty much every vertical that you can 
think of is driven and made more commercial 
(Figure 3). Plus, it’s really cool stuff! For the 
PCB industry, robotics represents both a busi-
ness opportunity and a path to improving the 
manufacturing process itself.

Matt Stevenson

Figure 3: Robotics are becoming mainstream in every 
industry.
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sire to learn how even if they don’t have all the 
classical skills to begin with. MakeHarvard is 
a perfect place to find talent for that reason. 
These are the hires that may not have a resume 
or a job history yet, but they’ve been work-
ing in these fields and industries for years and 
are doing some cool things. They aren’t con-
strained by corporate rules and regulations; 
they’re passionate.

Tise: In the coming years, it will be interesting 
to see how this new blood will change the R&D 
departments at established companies. They 
are so procedurally oriented and often focused 
on a product’s potential profitability as much 
as anything else.

Stevenson: Making profit is different than mak-
ing innovation. We’re seeing some custom-
ers focus on that profit, but innovation is nec-
essary to keep up in these industries with so 
much new technology.  DESIGN007

Read more about MakeHarvard in the March 
edition of Design007 Magazine.

Bob Tise is an engineer in 
PCB technical support at 
Sunstone Circuits. To read 
past columns by Sunstone 
or contact Tise, click here.

Tise: And if you’re an engi-
neer responsible for designing 
and building a robot with a 
purpose, you know what you 
need in terms of functional-
ity from a PCB. Designing the 
board is usually not an area 
of expertise, and that’s where 
we can help. We coach cus-
tomers to help them better de-
sign for manufacturability as 
well as build in features need-
ed for an IPC Class 3 or 2 cer-
tifications.

Circuit boards aren’t that 
complicated of a device, but 
there’s complexity in design-
ing them for durability, functionality, and 
manufacturability. The process of creating a 
circuit board is well established; it’s the func-
tionality that’s new and exciting. These emerg-
ing technologies do things that haven’t been 
done before and operate in environments new 
to electronics. When it comes to PCB design 
for these devices, the devil is in the details. 
That’s our forte—paying attention to the de-
tails and advising customers to design a board 
we can produce that will work the way they 
need it to.

What’s Driving All of This Innovation?

Stevenson: Millennials  and Generation Z are 
the driving force behind these emerging tech-
nologies. They may not be engineers or have 
classical training in all of the required disci-
plines, but they have an idea of how to inter-
face hardware and software to solve a prob-
lem. They’re getting their questions answered 
any way they possibly can—through social me-
dia or other  self-serve  channels—and they’re 
making it happen quickly. They think outside 
of the box. 

We’ve seen this with our work at MakeHar-
vard (Figure 4), which is an annual 24-hour 
hackathon competition open to U.S. under-
graduate and graduate students that started in 
2018. The students we’ve worked have come 
in with ideas to improve the world and the de-

Figure 4: MakeHarvard’s registered students getting ready to make.
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In the second of my recent columns on res-
in potting and encapsulation, I will expand on 
my previous Q&A guide on the subject with 
further advice on selection and application.

Keeping to our tried and trusted five-point 
Q&A format, I am returning to the subject 
of potting and encapsulation with a few 
more pointers to help steer you in the di-
rection of making appropriate resin 
choices—and, hopefully, away from 
problems that you are more than like-
ly to encounter on the way. Ini-
tially, here’s a little primer to 
whet your appetite.

There are a number of dif-
ferent factors that influence 
the protection afforded by pot-
ting compounds. The act of 
encapsulating a component 
or PCB means that it is sur-
rounded by a layer of res-
in, which completely seals a 
component or an 
entire PCB from 
the environ-
ment in which 
it operates. When 
mixed, a two-part 
resin starts a chemical reaction, which 
results in the resin becoming fully poly-
merised to provide a homogenous layer. The 
polymerisation reaction creates a three-di-
mensional structure, which provides a barri-
er against chemical attack and high humidity, 
physical shocks, and the potentially destruc-
tive effects of thermal cycling.

Now, let’s refer to our questions.

1. What typical applications use 
epoxy resins?

Epoxies are typically used where extremes 
of temperature and chemically aggressive en-
vironments are encountered. Under-hood ap-
plications are common, and epoxies are often 

used to protect the huge variety of sensors, 
digital electronics, and connectors that 

abound beneath the hood of 
a modern automobile not just 
from high temperatures but 
also from volatile fuels and lu-
bricants.

Even as we switch from the internal com-
bustion engine to the electric motor, the 

chemical environment might change, but the 
requirements 
for chemi-
cally resis-
tant potting 
resins capa-

ble of tolerat-
ing a wide temperature range and 
resisting chemical attack will re-
main. Their excellent adhesion to 
a wide range of substrates means 

that epoxies are used to ensure that the 
electronics are also very effectively sealed 
against the external environment and are 

perfectly adapted for use in equipment des-
tined for deployment in ATEX and other haz-
ardous areas.

2. What typical applications use silicones?
Silicones are used where extremes of temper-

atures are to be expected, or the components 

Five Tips to Further Improve Resin 
Encapsulant Performance

Sensible Design
by Alistair Little, ELECTROLUBE
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are temperature sensitive and would not sur-
vive the exothermic reactions that occur when 
two-part epoxies and polyurethanes are mixed 
and cured; this is particularly so when a large 
volume of material is needed for pouring into 
a single unit. Silicones are also suitable for ap-
plications where a high degree of flexibility is 
required, such as on flexible PCBs, and unlike 
epoxies, are easy to remove if circuit modifica-
tions or repairs are required.

Silicone resins have the broadest continu-
ous operating temperature range of any of the 
available resin chemistries, so they are a nat-
ural choice for both high- and low-tempera-
ture applications. They maintain their flexibil-
ity over this temperature range with very lit-
tle signs of degradation over time. Due to their 
high flexibility, they place very low stresses on 
delicate components, particularly those with 
weak and fragile connecting legs.

However, there is a downside to silicones, 
particularly the effectiveness of their adhesion 
to certain substrates. Moreover, their chemical 
resistance is not as good as that provided by 
an epoxy resin. Another category of resins—

polyurethanes—would be the better choice for 
applications operating in the -30°C to +120°C 
region because they offer similar levels of flex-
ibility and better adhesion to many substrates.

3. What key pain points are associated 
with resin selection?

Resin selection is the art of compromise; it 
is deciding which characteristic or property of 
the resin is more important to your application 
compared with those previously outlined. Of-
ten, the main areas of potential problems lie 

in deciding what are the realistic maximum 
and minimum requirements compared, for in-
stance, to the design limits, which are likely to 
include large safety margins.

Viscosity is another property that must be 
considered. Normally, where the lowest mixed 
viscosity resin is desired to promote excellent 
flow and coverage, there are thixotropic resins 
that behave somewhat differently in that their 
viscosity increases rapidly after mixing. This 
apparent change should not be confused with 
curing. The resin is still able to flow and has a 
useable life after it has stopped moving before 
reaching a final cure.

4. How do I overcome these pain points?
In most cases, many of the potential sticking 

points come down to the design brief and dis-
cussion between the designers and engineers 
as to what is feasible. If the high and low tem-
peratures are only needed for a short period of 
time on an infrequent basis, and the normal 
operating temperature range is more modest, 
then this often opens up the choice to a much 
wider range of resins.

Similarly, when considering chemical resis-
tance, determine whether the resin is actually 
the primary point of exposure. For example, if 
an LED is potted with an optically clear resin, 
but then a plastic cover with a gasket is placed 
over the top of it, then the level of protection 
that the resin needs to provide is significant-
ly reduced. Although it delivers the primary 
electrical insulation layer, it is only providing 
a secondary barrier against the environment.

5. To pot or not to pot? Why do we pot?
Naturally, we would recommend that all 

electronic components—boards and units—be  
either coated or potted to extend the life of 
the finished unit and protect the components 
against the environment. The level of protec-
tion required depends on the environment to 
which the finished unit may become exposed. 
It might be indoors in a domestic setting where 
a light layer of dust might be expected. Con-
trast that with a unit submerged in a garden 
pond for four months of the year, or one that is 

There is a downside to 
silicones, particularly the 

effectiveness of their adhesion 
to certain substrates. 
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located in a hazardous industrial environment. 
Some units may potentially be used undersea 
for 20+ years or positioned on an aircraft sub-
ject to short-haul commuter routes with regu-
lar temperature and pressure variations. Other 
units may be exposed to the vacuum, extremely 
low temperatures, and ionising radiation haz-
ards of outer space; the variations are endless. 

Under less extreme conditions, you might 
ask, “Is a resin still the best option, or should 
a coating be considered as an alternative?” 
This is an interesting point because the pro-
tection provided by a coating offers a number 
of advantages over the application of a resin. 
However, as always, the choice will depend on 
what level of protection the designer requires. 
In addition, if you need to protect your intel-
lectual property and avoid the underlying cir-
cuit being copied, then a resin will not only 
provide excellent protection due to its tough-
ness, chemical resistance, and adhesion to the 

substrate and components, but its opacity will 
also ensure that the circuit detail is visually ob-
scured.

If you have any questions or would like more 
information about potting resins, their selec-
tion, handling, and applications, contact our 
Technical Support Team, and they will be more 
than happy to answer your queries.  DESIGN007

Alistair Little is global business/
technical director—resins—at 
Electrolube. To read past columns 
from Electrolube, click here.  
Also, visit www.I-007eBooks.com  
to download your free copy 
of Electrolube’s book,  

The Printed Circuit Assembler’s Guide to… Conformal 
Coatings for Harsh Environments, as well as other  
free educational titles.

Researchers from the University of Houston have re-
ported significant advances in stretchable electronics, 
moving the field closer to commercialization.

Cunjiang Yu, Bill D. Cook Assistant Professor of mechan-
ical engineering at the University of Houston and corre-
sponding author on the paper, said the work could lead to 

important advances in smart devices such 
as robotic skins, implantable bioelectron-
ics, and human-machine interfaces.

Carrier mobility—the speed at which 
electrons can move through a material—
is critical for an electronic device to work 
successfully because it governs the abili-
ty of the semiconductor transistors to am-
plify the current.

Researchers discovered that adding min-
ute amounts of metallic carbon nanotubes 
to the rubbery semiconductor of P3HT—
polydimethylsiloxane composite—lead  
to improved carrier mobility by provid-
ing what Yu described as a “highway” to 
speed up the carrier transport across the 
semiconductor.

 (Source: University of Houston)

Researchers Report Advances in Stretchable Rubbery 
Semiconductors, Integrated Electronics
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Fast and Accurate 
Transmission Line Modeling

The ability to simulate complex PCB design 
has become a critical factor in the success of 
a project. Today’s high-speed processors and 
SERDES interfaces coupled with sometimes 
unrealistic time-to-market requirements are 
pushing design teams toward more nimble 
development processes. However, there is no 
point in completing a design on time if it does 
not work!

To ensure the prototype has first-pass suc-
cess, designers need to perform accurate 
board-level simulation, throughout the entire 
design process. But the challenge is how do 
you quickly perform the simulation if all the 
models for the board are not 
available and if the simulation 
setup time is prohibitive? En-
ter the I/O Buffer Information 
Specification (IBIS). This spec-
ification is a fast and accurate 
behavioral method of model-
ing input/output buffers based 
on I-V curve data derived from 
measurements or full circuit 
simulation.

Figure 1 depicts the Ibis 
(bird). With its greedy, little 
black eyes and its long, trash-
probing beak, the Ibis has 
readily adapted to its environ-
ment. We Australians collo-
quially call it “the bin chick-
en” since its six-inch curved 
beak has been sculptured by 
evolution to effortlessly reach 
to the bottom of a Macca’s 
(MacDonald’s) fries container. 

Getting back to simulation, before the release 
of the IBIS specification, SPICE transistor-lev-
el models were the only consistent method by 
which circuit models could be created. How-
ever, transistor-level models are not well suit-
ed to simulate an entire multilayer PCB con-
taining several hundred nets and drivers. Also, 
semiconductor vendors that generate the mod-
els for their integrated circuits do not readily 
give these models out since they can disclose 
proprietary information that is confidential, in-
cluding circuit nodal connections and under-
lying fabrication processes parameters. Mean-
while, the IBIS model does not require propri-

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

Figure 1: The Ibis. (Source: Australian Geographic)
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etary information about the modeled circuit 
since no process or circuit design information 
is disclosed. 

The IBIS models are accurate since nonlin-
ear aspects of I/O structures as well as pack-
age parasitics, on-die termination (ODT), and 
ESD structures are considered in the model 
parameters. More recently, power-aware mod-
els have been specified to combine signal in-
tegrity (SI) and power integrity (PI) simula-
tion. Since the IBIS is behavioral, the simula-
tion time for a model can run some 25 times 
faster than a structural model such as that 
used in SPICE. In addition, IBIS does not have 
non-convergence issues encountered in SPICE 
models that prevent the simulator from reach-
ing a valid solution within a certain number 
of iterations. Now, most EDA vendors support 
the IBIS specification as the defacto simula-
tion standard. 

IBIS models for many devices are available 
as free downloads from IC vendor support pag-
es. IBIS provides the following:

• Faster simulation speed
• A large variety of I/Os in a single IBIS 
   file so that easy system model simulation 
   is possible 
• The inclusion of signal integrity 
   specifications, such as input logic 
   thresholds, overshoots, etc. 

• Power-aware properties introduced to 
   provide simultaneous SI/PI analysis
• Elimination of non-convergence
• Strong support from virtually all EDA 
   vendors 
• Backward compatibility with models 
   created under previous IBIS standards

At its core, a CMOS IBIS model (Figure 2) 
uses only a few tables of data to represent the 
behavioral characteristics of a buffer. Two sets 
of I-V tables represent the IDS versus V charac-
teristics of the pull-down and pull-up transis-
tors, showing the dynamic impedance of the 
buffer. The switching behavior of the buffer is 
revealed through a set of V-T tables that cap-
ture the rising and falling edge transitions of 
the buffer driving resistive test loads. The ca-
pacitance of the buffer and the package RLC 
are also quantified. This information, plus the 
transmission line characteristics, provides an 
accurate model for SI simulation, but it lacks 
behavioral characteristics necessary for PI sim-
ulation. One of the major upgrades in the IBIS 
version 5.0 specification was the introduction 
of additional data tables to model buffer power 
characteristics (not shown). Models contain-
ing these data are known as power-aware IBIS 
models.

Let’s look at a practical example of how 
to implement a transmission line simulation 

Figure 2: Building blocks of a CMOS buffer IBIS model.
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using the IBIS model. I/O buffer and drive 
strength selection can be analyzed in pre-lay-
out simulation. A vendor-provided IBIS mod-
el should contain all available drivers for each 
model, and may, for example, include buffer 
models with 8 mA, 12 mA, and 16 mA drive 
current. The mid-level 12-mA driver is general-
ly required unless there is a long transmission 
line with multiple loads. This may be the case 
on a motherboard when driving a number of 
DIMM modules, for instance.

The schematic description that includes the 
stackup definition, arrangement of a network, 
its nodes, sequence, connecting transmission 
lines and vias is generically referred to as the 
interconnect topology. To avoid 
signal quality and timing issues 
and minimize manufacturing 
costs, thorough topology analy-
sis is critical to the successful im-
plementation of a high-speed in-
terconnect. Ideally, this analysis 
should be done up-front before 
placement and routing.

Topology optimization involves:

• Selecting an optimal topology 
  style for signal integrity, 
   timing, and EMC
• Shortening traces and stubs 
   to their critical length or 
   shorter where possible

The most basic topology is a 
simple point-to-point intercon-
nection between a driver and a 
receiver (Figure 3). This topolo-

gy is commonly used for busses or otherwise 
grouped traces. A good example of this would 
be the data banks of DDRx memory. Left un-
terminated, these traces may be too long (more 
than 1/10 rise time), and reflections become 
problematic. Figure 3 also illustrates a Xilinx, 
Virtex 4 transceiver driving a DDR2 data signal 
into a long, 52.2-ohm transmission line. Ini-
tially, the signal was simulated with no series  
termination, resulting in the red waveform in 
Figure 4. The green waveform represents the 
terminated transmission line.

The impedance of the trace is extremely im-
portant, as any mismatch along the transmis-
sion path will result in a reduction in signal 

Figure 3: DDR2 data signal with a series terminator. (Source: HyperLynx)

Figure 4: Ringing of the data signal due to reflections. (Source: HyperLynx)
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quality and possibly the radiation of noise. 
Mismatched impedance causes signals to re-
flect back and forth along the transmission 
line, which results in ringing at the load (Fig-
ure 4). The ringing reduces the dynamic range 
of the receiver, eats into the noise budget, and 
can cause false triggering due to non-mono-
tonic edges. 

Reflections occur whenever the impedance 
of the transmission line changes along its 
length. This can be caused by unmatched driv-
ers/loads, layer transitions, different dielectric 
materials, stubs, vias, connectors, and IC pack-
ages. By understanding the causes of these re-
flections and eliminating the source of the mis-
match, a design can be engineered with reli-
able performance. For the perfect transfer of 
energy and to eliminate reflections, the imped-
ance of the source must equal the impedance 
of the transmission line.

It is one thing to perfectly match the imped-
ance and delay of the transmission lines, but 
using mainstream PCB layout software, un-
fortunately, one really has no idea what the 
driver impedance is, let alone the capability to 
match the driver to the impedance of the trans-

mission line. The iCD Termination Planner ad-
dresses this issue (Figure 5). 

First, the attributes required to determine 
the source impedance of the driver are extract-
ed from an IBIS model I-V curves. Then, the 
required series termination resistance is calcu-
lated based on a distributed system to match 
the transmission line impedance for the select-
ed stackup layer. The number of loads on the 
transmission line also has an impact on the re-
quired value of series termination, as the IC in-
put inductance and capacitance tend to roll off 
the signal rise time. This can be adjusted from 
1–6 loads and automatically compensated for 
in the calculation. If you do not have access to 
a board-level simulator, then this is a good op-
tion to easily avert ringing.

Modeling complex PCB designs does not have 
to be time-consuming and difficult. The topo-
logy can generally be automatically extracted 
from the PCB layout into a free-form schemat-
ic, providing all the transmission line, via, and 
stackup information required. The designer only 
needs to select the IBIS driver and load models 
plus a stimulus in the form of a set frequency or 
a pseudorandom bit stream (PRBS) to simulate 

Figure 5: Matching a DDR3 driver IC to the transmission line. (Source: iCD Termination Planner)
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the entire interconnect. The IBIS specification is 
a fast and accurate behavioral method of mod-
eling high-speed transmission lines throughout 
the entire design process.

Key Points
• To ensure the prototype has first-pass suc-

cess, designers need to perform intensive 
and accurate board-level simulation

• The IBIS specification is a fast and accu-
rate behavioral method of modeling input/
output buffers based on I-V curve data  
derived from measurements or full circuit 
simulation

• SPICE models are not well suited to simu-
lating an entire multilayer PCB containing 
several hundred nets and drivers

• SPICE models can disclose substantial  
information that is confidential, including 
circuit nodal connections and underlying 
fabrication processes parameters

• The IBIS model does not require proprie-
tary information about the modeled circuit 
since no process or circuit design informa-
tion is disclosed

• Since the IBIS is behavioral, the simula-
tion time for a model can run some 25 
times faster than a structural model, such 
as that used in SPICE

• A CMOS IBIS model uses only a few tables 
of data to represent the behavioral charac-
teristics of a buffer

• One of the major upgrades in the IBIS  
version 5.0 specification was the introduc-
tion of power-aware models

• The interconnect topology includes the 
stackup definition, arrangement of a net-
work, its nodes, sequence, and connecting 
transmission lines and vias

• The impedance of the trace is extreme-
ly important, as any mismatch along the 
transmission path will result in a ringing, 
reduced signal quality, and possibly the 
radiation of noise

• Using mainstream PCB layout software, 
one really has no idea what the driver 
impedance is, let alone the capability to 
match the driver to the impedance of the 
transmission line   DESIGN007
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It has been well known in the RF industry 
for many years that copper surface roughness 
impacts RF performance of PCBs. This analo-
gous statement also applies to high-speed digi-
tal applications. To explain the copper surface 
roughness issue, take a simple two-layer cop-
per circuit, for example. 

The circuit is a microstrip with a signal con-
ductor on the top copper plane and a ground 
plane on the bottom of the circuit. Addition-
ally, the concept of skin depth and wave prop-
agation should be considered. Skin depth is 
the depth within the cross-sectional area of 
the copper where the majority of the RF cur-
rent resides and is dependent on frequency. At 
lower frequencies, the RF current will have a 
thicker skin depth and use more of the con-
ductor. At higher frequencies, the skin depth 
is thinner, and less of the conductor is used 
by the RF current. For wave propagation, the 

electromagnetic wave that propagates on the 
microstrip circuit will be slower for a circuit 
using a higher dielectric constant (Dk) materi-
al. Using a lower-Dk material, the wave prop-
agation is faster, and the propagation delay is 
reduced. 

Rogers has studied copper surface roughness 
extensively and has a lot of information to share 
for the interested reader. We know if a compar-
ison is done on two identical circuits with one 
using a high-Dk material and the other a low-
Dk material, the circuits will have slower and 
faster wave propagation, respectively. Howev-
er, we found other circuit properties can alter 
the wave propagation speed, and one of them 
is the copper surface roughness. To be specific, 
the copper surface roughness is the roughness 
at the substrate-copper interface. 

Further, we have done experiments where 
the same material was used with the same mi-

How Copper Properties Impact PCB RF 
and High-speed Digital Performance

Lightning Speed Laminates
by John Coonrod, ROGERS CORPORATION
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crostrip design, and the only difference was 
the copper type. In these experiments, we con-
sistently saw that circuits with a rougher cop-
per surface had a slower wave propagation 
compared to circuits with a smoother surface. 
A rougher copper will slow the wave, and a 
slower wave is perceived by the circuit as a 
higher Dk, even though the Dk of the material 
is the same for both circuits. When extracting 
the Dk value from circuit performance, the cir-
cuit with the rougher copper will have a higher 
Dk value than the circuit with a smoother cop-
per. Also, we found that wave propagation is 
more affected by the copper surface roughness 
in circuits made using a thinner substrate ver-
sus circuits made with a thicker substrate.

The effect that copper surface roughness has 
on wave propagation is also frequency depen-
dent, and at low frequencies, the copper sur-
face roughness may have little or no impact 
on the wave velocity. Frequency dependency 
is due to skin depth and at low frequencies 
where the skin depth is thick. The roughness is 
a small percentage of the cross-sectional area 
of the conductor being used by the RF current; 
the effect of the copper roughness has little in-
fluence on the wave propagation. However, 
at higher frequencies—specifically, frequen-
cies where the skin depth is equal to or less 
than the copper surface roughness—the rough-
ness will have a significant impact on the wave 
propagation properties of the circuit. 

For an RF PCB using copper with a rougher 
surface, the copper surface will cause an in-

crease in conductor loss, slower wave veloc-
ity, and a higher effective Dk. For a high-speed 
digital PCB using copper with a rougher sur-
face, the copper will cause an increase in in-
sertion loss and propagation delay, and a de-
crease of the eye opening in an eye-diagram, 
typically. Many years ago—when digital rates 
were slower, and the Nyquist frequency was 
lower—the influence copper surface rough-
ness had on these circuits was minimal. Now, 
with faster digital rates and higher Nyquist fre-
quencies, the potential effects that copper sur-
face roughness has on these circuits can be 
substantial. 

With many new applications using milli-
meter-wave technology, which is RF at very 
high frequencies, the copper surface rough-
ness can have a very large impact on RF per-
formance for these circuits. Insertion loss and 
phase response of millimeter-wave circuits can 
be greatly impacted by copper surface rough-
ness. All copper types used in the PCB indus-
try have normal surface variation. The natu-
ral trend is that a copper with a rough surface 
will have much more roughness variation than 
copper with a smooth surface. The copper sur-
face roughness variation can cause phase vari-
ation from circuit to circuit. 

Even though my example uses a two-layer 
copper circuit, a common concern in build-
ing multilayer PCBs is that the copper surface 
roughness may have more impact on the cir-
cuit electrical performance than the designer 
would anticipate. The PCB fabricator will often 
have a choice of what type of copper to use on 
certain layers within the multilayer PCB. Typ-
ically, their decision is based on their desire 
to build a robust circuit. To optimize the elec-
trical performance of a circuit, copper surface 
roughness also needs to be considered. 

For more details on this subject, please con-
tact your PCB materials provider.  DESIGN007

John Coonrod is technical 
marketing manager at Rogers 
Corporation. To read past columns 
or contact Coonrod, click here.

When extracting the Dk value 
from circuit performance, 

the circuit with the rougher 
copper will have a higher 
Dk value than the circuit 
with a smoother copper.
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MilAero007 Highlights
NASA Looks to the Future, Seeks Next 
Level Visionary Aerospace Concepts E
NASA is looking for trailblazing ideas that could 
one day change what’s possible in space. The 
NASA Innovative Advanced Concepts (NIAC) 
program is seeking Phase II proposals for the 
continuation of Phase I research studies.

Zentech Hosts UMBC Advanced 
Manufacturing Graduates E
Zentech Manufacturing recently hosted twenty-
four graduating seniors from the University of 
Maryland Baltimore Campus (UMBC) at its 
Baltimore headquarters location.

Collins Elbit Vision Systems Marks
F-35 Helmet Mounted Display System
Delivery Milestone E
Collins Elbit Vision Systems (CEVS) recently 
celebrated the 1,000th delivery milestone of 
the F-35 Helmet Mounted Display (HMD)Sys-
tem.

2020 Army Budget Begins
‘Dramatic Shift’ E
An Army budget drill that identified $30 billion 
in savings was partly about finding money for 
future modernization, according to Undersec-
retary of the Army Ryan D. McCarthy during a 
breakfast hosted by the Association of the U.S. 
Army’s Institute of Land Warfare.

Cicor Strengthens Testing Capabilities 
at Radeberg Facility E
In January 2019, the Cicor site in Radeberg 
acquired a new pull and shear tester for 
mechanical testing of the strength of electronic 
packaging superstructures.

BAE Systems Updates F-35 Electronic
Warfare Systems E
BAE Systems has upgraded its EW systems for 
the global fleet of fifth-generation F-35 Light-
ning II fighter aircraft.

Benchmark Electronics Appoints 
Jeff Benck as President and CEO E
Benchmark Electronics Inc.’s board of direc-
tors has appointed Jeff Benck as president and 
CEO.

ANU Research Set to Shake-up
Space Missions E
A new study from the Australian National Uni-
versity (ANU) has found a number of 2D mate-
rials that can not only withstand being sent 
into space but could potentially thrive in the 
harsh conditions.

Video: Five-year Standard Committee 
Collaboration on JS-001 E
David Hillman from Collins Aerospace and 
IPC’s Teresa Rowe speak with Editor Dan Fein-
berg about how a seemingly simple question 
resulted in years of committee work to develop 
the JS-001 standard on the use of conformal 
coatings and avoiding tin whiskers.

High-powered Fuel Cell Boosts
Electric-powered Submersibles, 
Drones E
A team of engineers in the McKelvey School 
of Engineering at Washington University in 
St. Louis has developed a high-power fuel 
cell that could power a variety of transporta-
tion modes—including unmanned underwater 
vehicles, drones and eventually electric air-
craft—at a significantly lower cost.

http://milaero.iconnect007.com/index.php/article/114303/nasa-looks-to-the-future-seeks-next-level-visionary-aerospace-concepts/114306/
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Article by Chang Fei Yee
KEYSIGHT TECHNOLOGIES

This article briefly introduces the general 
purposes of copper ground pour on printed 
circuit boards. Subsequently, the impact of 
copper ground pour on PCB channel loss in 
terms of insertion loss and impedance in terms 
of time domain reflectometry (TDR) is studied 
with electromagnetic modeling using Mentor 
HyperLynx. 

Introduction
Copper ground pours are created by filling 

open, unpopulated, or unrouted areas on outer 
layers of the PCB with copper. Subsequently, 
copper fill is hooked up to ground planes on 
inner layers with stitching vias as depicted in 
Figure 1. Copper ground pours on outer layers 
provide extra shielding against electromagnetic 
radiation by signals on inner layers. Besides 
that, copper pour also serves as a heat sink for 
the voltage regulator module on PCBs. In terms 
of manufacturability, copper pour reduces the 

possibility of PCB warpage during reflow by 
balancing the amount of copper on each side 
of the PCB.

However, copper ground pour comes with 
some disadvantages, as there is a change in 

EM Modeling: The Impact of Copper 
Ground Pour on Loss and Impedance

Figure 1: Top view of the PCB with copper ground pours. 
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Rogers RO4835T spread-glass-reinforced, ceramic-filled laminates are low-loss materials in 2.5, 3.0, and 4.0 
mil thicknesses. They are well suited for millimeter-wave frequencies as part of the inner cores of 5G hybrid 
multilayer PCBs.  They can work with other materials to provide 
the many functions needed by 5G wireless base stations,
including power, signal control and signal transfers.

Rogers RO4450T bonding materials are available 
in 3, 4, and 5 mil thicknesses to help construct 
those 5G hybrid multilayer circuits. These 
spread-glass-reinforced, ceramic-filled
bonding materials complement the different 
materials that will form these hybrid circuits, 
including RO4835T and RO4000® laminates. 
And for many 5G hybrid multilayer circuits, 
Rogers CU4000™ and CU4000 LoPro® foils 
will provide a suitable finishing touch for 
many hybrid multilayer circuit 
foil lamination designs.

5G is coming! Do you have
the right circuit materials? 
Learn more at www.rogerscorp.com/5G

Frequencies at 28 GHz and higher will soon be used in Fifth Generation (5G) wireless 
communications networks. 5G infrastructure will depend on low-loss circuit materials 
engineered for high frequencies, materials such as RO4835T™ laminates and 
RO4450T™ bonding materials from Rogers Corporation!
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impedance of PCB trace adjacent to ground 
pour (i.e., impedance decreases when copper 
pour becomes closer to the PCB trace). As a 
result, the impedance mismatch contributes 
additional PCB loss to the transmission line at 
a high-frequency range.

Analysis and Results
To study the impact of copper pour on PCB 

channel loss in terms of insertion loss and 
impedance in terms of TDR, five models of 1” 
single-ended microstrip listed in Table 1 were 
created. The simulation topology is shown in 

Figure 2. For model 1A, a microstrip trace 5 
mils wide and 1 oz. thick is laid out 2.65 mils 
above the reference plane insulated by low-
loss dielectric substrate material. This trace is 
sandwiched between two ground traces on the 
same outer layer. The spacing between each 
adjacent ground trace and the signal trace is 1x 
the signal trace width. Meanwhile, the spacing 
between each ground and signal trace is set as 
2x, 4x, 6x, and 8x for model 1B, 1C, 1D and 
1E, respectively.

The TDR plots depicted in Figure 3a indi-
cates that microstrip experiences an imped-
ance mismatch of 1 ohms when its distance 
from the adjacent ground at each side is set 
as 1x the trace width (model 1A). The imped-
ance mismatch is getting smaller or closer to 
the nominal 50 ohms when the ground at each 
side is further away from the signal trace or 
beyond 2x the trace width. 

However, with reference to insertion loss 
plots depicted in Figure 3b, model 1A with 
adjacent ground-signal spacing of 1x the trace 
width encounters 1.5-dB channel loss at 10 
GHz. When adjacent ground-signal spacing is 
increased to 2x the trace width, the channel 
loss is reduced by 0.75 dB. Beyond adjacent 

Figure 2: Single-ended microstrip model in Hyperlynx.

Table 1: List of models for copper pour effect on PCB 
single-ended microstrip.
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ground-signal spacing of 4x the trace width, 
extra loss reduction of 0.25 dB is achieved.

The experiment is repeated on differential 
microstrip with five models of 1” differential 
microstrip listed in Table 2. Simulation topol-
ogy is depicted in Figure 4. For model 2A, 
microstrip traces (5-mil trace width, 7-mil intra-
pair spacing, and 1 oz. in thickness) is laid out 
3 mils above the reference plane insulated by 
low-loss dielectric substrate material. 

This differential pair is sandwiched between 
two ground traces on the same outer layer.  
The spacing between each adjacent ground 

Figure 4. Differential microstrip model.

Table 2: List of models showing the effect of copper pour 
on differential microstrip.

Figure 3a: TDR plots for models listed in Table 1. Figure 3b: Insertion loss plots for models listed in Table 1.
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trace and the differential pair is 1x the signal 
trace width. Meanwhile, the spacing between 
each ground and signal trace is set as 2x, 4x, 
6x, and 8x for model 2B, 2C, 2D, and 2E, 
respectively.

The TDR plots depicted in Figure 5a indicate 
that microstrip experiences an impedance mis-
match of 1 ohms when its distance from the 
adjacent ground at each side is set as 1x the 
trace width (model 2A). The impedance mis-
match is getting smaller or closer to the nomi-
nal 100 ohms when the ground at each side 
is further away from the differential pair (i.e., 
beyond 2x the trace width). 

However, with reference to insertion loss 
plots depicted in Figure 5b, model 2A with 
adjacent ground-signal spacing of 1x the trace 
width encounters 0.75-dB channel loss at 10 
GHz. When adjacent ground-signal spacing 
is increased to 2x the trace width, the chan-
nel loss is reduced by 0.3 dB. Beyond adjacent 

ground-signal spacing of 4x the trace width, 
extra loss reduction of 0.1 dB is achieved.

Summary
For PCBs with signal routing beyond 1-GHz 

transmission, the copper ground pour must be 
set at least 4x the signal trace width away from 
the signal routing to minimize the impedance 
mismatch and channel loss.   DESIGN007

References
 1.  Olney, B. “Ground Pours—To Pour or Not to Pour.” 
2. King Sun PCB Technology, “Some Pros and Cons 

About PCB Copper Pour,” December 27, 2017. 

Chang Fei Yee is a hardware engineer 
with Keysight Technologies. His 
responsibilities include embedded 
system hardware development, and 
signal and power integrity analysis.

Figure 5a: TDR plots for models listed in Table 2. Figure 5b: Insertion loss plots for models listed in Table 2.

Researchers from the University of Minnesota College 
of Science and Engineering have developed a unique new 
device using graphene that provides the first step toward 
ultrasensitive biosensors.

“To detect and treat many diseases, we need to detect 
protein molecules at very small amounts and understand 
their structure,” said Sang-Hyun Oh, University of Minne-

sota electrical and computer engineering professor and 
lead researcher on the study. 

University of Minnesota researchers combined gra-
phene with nanosized metal ribbons of gold and utilized 
a homegrown high-tech nanofabrication technique called 
“template stripping” to create an ultra-flat base layer sur-
face for the graphene.  (Source: University of Minnesota)

New Graphene-based Device Paves the Way 
for Ultrasensitive Biosensors
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1	Todd Westerhoff Discusses His New 	
	 Position and Much More E

At  Des ignCon ,  Andy 
Shaughnessy met with our 
old friend Todd Westerhoff. 
Todd recently joined Mentor,  
a Siemens Business, and dis-
cussed his new job respon-
sibilities, his drive to get 
more designers and engineers to use SI tools, 
and the increasing value of cost-reduced de-
sign techniques versus overdesigning PCBs.

 2	Beyond Design: Not All PCB 
	 Substrates Are Created Equal E
	
PCB substrates are all around us in every gadget 
we use. It is a carrier for the electronic devices 
and the signal and power interconnects and is 
usually planar in structure with conductors sepa-
rated by insulating dielectric materials. However, 
each product has a specific performance require-
ment and may need a distinct type of substrate 
to comply with the product’s specifications. 

3	Embedding Components, Part 7—	
	 Semiconductor Placement and 
	 Termination Methodologies E
	
Progress in developing high-density embed-
ded-component substrate capability has accel-
erated through the cooperation and joint de-
velopment programs between many govern-
ment and industry organizations and technical 
universities. 

4	The Digital Layout: 
	 Cascade Designers Council Chapter 	
	 and 2019 Activities E

Our CID+ class had four peo-
ple enrolled who came from 
around the area. All who at-
tended learned about how 
board materials affected their 
designs, including EMI, EMC, 
impedance control, power 
distribution techniques, board stackups, and 
placement strategies in more detail than what 
was in the CID. 

Editor Picks from PCBDesign007

Todd Westerhoff

Stephen Chavez
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5	Linda Mazzitelli: PTC Goes all in on 	
	 ECAD/MCAD Collaboration E

At AltiumLive Munich, Andy 
Shaughnessy ran into Linda 
Mazzitelli of PTC. Linda has 
worn a lot of hats in the PCB 
design world—she’s even 
married to a designer. Linda 
discussed her current work at 
PTC and the apparent convergence of ECAD 
and MCAD, which many think has been a long 
time coming for this industry.

6	Cherie Litson on ECAD/MCAD and 	
	 Training the Next Generation E

Cherie Litson, CID+, was one 
of the instructors at Altium-
Live Munich. Andy Shaugh-
nessy asked her to discuss 
some of the topics she cov-
ered in her class, and what 
the future of PCB design will 
look like. How are we going to pass down all of 
this design knowledge to the next generation?

7	EMA: Cadence Moves Simulation 
	 Further Up in the Design Cycle E

Cadence Design Systems re-
cently integrated more of its 
Sigrity capabilities into the 
front end of its PCB design 
tools. During DesignCon, 
Chris Banton of EMA Design 
Automation spoke with me 
about how this drive for “model-less analysis” 
benefits the PCB designer who can now access 
signal and power integrity, DFM, and electrical 
rule checking functionality early in the design 
process and have fewer issues later.

 8	Carl Schattke on Stackup Design and 	
	 Managing the Component Shortage E

At AltiumLive, Carl Schattke, 
CID+, a lead PCB designer 
with an American automaker, 
and TTM’s Julie Ellis taught a 
packed class on good stackup 
practices complete with plen-
ty of slides showing examples 
of all kinds of stackups. After class, Carl ex-
plained why the stackup is often the root of 
manufacturing problems downstream, and 
why today’s discrete component shortages are 
likely to be around for quite some time.

9	The Bare (Board) Truth: 
	 Eliminate Confusion E

This column will address 
eliminating confusion that 
creates remakes both from 
the end-user/designer and 
the fabrication house. Let’s 
say you’ve asked for a ma-
terial type on your drawing 
that is not either readily available or used by 
your fabricator. 

J	Tim’s Takeaways: 
	 A Job Worth Doing E

I get it. We PCB designers are 
made of the kind of tough 
stuff where we will work our-
selves to death if given the 
chance. But in our all of our 
efforts, are we really doing 
it right, or could we some-
how be doing it better? Let’s take a moment to  
consider some other ways that we might help 
ourselves to improve.

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

APCT, Printed Circuit 
Board Solutions: 

Opportunities Await
APCT, a leading manufacturer of printed 

circuit boards, has experienced rapid 
growth over the past year and has multiple 
opportunities for highly skilled individuals 
looking to join a progressive and growing 
company. APCT is always eager to speak 
with professionals who understand the 
value of hard work, quality craftsmanship, 
and being part of a culture that not only 
serves the customer but one another. 

APCT currently has opportunities in Santa 
Clara, CA; Orange County, CA; Anaheim, CA; 
Wallingford, CT; and Austin, TX. Positions 
available range from manufacturing to qual-
ity control, sales, and finance.

We invite you to read about APCT at APCT.
com and encourage you to understand our 
core values of passion, commitment, and 
trust. If you can embrace these principles 
and what they entail, then you may be a 
great match to join our team! Peruse the 
opportunities by clicking the link below. 

Thank you, and we look forward to 
hearing from you soon.

Technical Service Engineer 
(PCB Process Engineer)

Plano, Texas

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

ESSENTIAL DUTIES:
• Troubleshoot customer problems
• Conduct technical audits
• Advise and consult on product evaluations
• Conduct technical presentations
• Frequent travel to customer facilities (travel

required, up to 50% of the time)
• Write trip/audit reports
• Coordinate travel arrangements to realize

significant transportation savings
• Respond to and write email messages
• Write monthly reports
• Prepare agendas for customers, detailing goals

and objectives
• Must comply with all OSHA and company

workplace safety requirements at all times

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

REQUIRED EDUCATION/EXPERIENCE:
• College degree preferred with solid knowledge

of chemistry
• 10 years of technical work experience in the

printed circuit board (PCB) industry
• Computer knowledge
• Good interpersonal relationship skills

WORKING CONDITIONS:
• Occasional weekend or overtime work

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

Multiple Positions 
Available

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

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

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

For full job description and other 
immediate openings in a number 

of departments: 

www.indium.com/jobs

Field Service Engineer: 
Multiple U.S. Locations

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

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

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

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

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

Vision and Machine Learning 
R&D Engineer

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

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

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

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

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

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

Service Engineer Reflow 
Soldering Systems (m/f)

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

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

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

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

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

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

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

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

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

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

karriere@limata.de. 

Technical Service Rep 
Waterbury, CT

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

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

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

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

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

SMT Field Technician 
Huntingdon Valley, PA

Manncorp, a leader in the electronics assembly 
industry, is looking for an additional SMT Field Tech-
nician to join our existing East Coast team and install 
and support our wide array of SMT equipment.

Duties and Responsibilities:
• Manage on-site equipment installation and 
   customer training  
• Provide post-installation service and support, 
   including troubleshooting and diagnosing techni- 
   cal problems by phone, email, or on-site visit
• Assist with demonstrations of equipment to 
   potential customers
• Build and maintain positive relationships with 
   customers
• Participate in the ongoing development and 
   improvement of both our machines and the 
   customer experience we offer

Requirements and Qualifications:
• Prior experience with SMT equipment, or 
   equivalent technical degree 
• Proven strong mechanical and electrical 
   troubleshooting skills
• Proficiency in reading and verifying electrical, 
   pneumatic, and mechanical schematics/drawings
• Travel and overnight stays
• Ability to arrange and schedule service trips

We Offer:
• Health and dental insurance
• Retirement fund matching 
• Continuing training as the industry develops

SMT Operator 
Huntingdon Valley, PA

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

Duties and Responsibilities:
• Set up and operate automated SMT 
   assembly equipment
• Prepare component kits for manufacturing
• Perform visual inspection of SMT assembly
• Participate in directing the expansion and 
   further development of our SMT capabilities

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

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

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

Sales Personnel, 
Japan

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

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

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

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

with your resume. 

Kindly note only shortlisted candidates 
will be notified.

 

Technical Support Engineer, 
Germany

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

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

We offer:
• Excellent salary and benefits commensurate with 
   experience

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

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

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

Multiple Positions 
Available

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

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

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

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

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

Sales Representatives 
(Specific Territories)

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

• Florida
• Denver
• Washington
• Los Angeles

 
Experience: 

• Candidates must have previous 
   PCB sales experience.

Compensation: 
• 7% commission

 
Contact Mike Fariba for 

more information.
 

mfariba@uscircuit.com

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

Zentech Manufacturing:

Hiring Multiple Positions
Are you looking to excel in your career and 

grow professionally in a thriving business? 
Zentech, established in Baltimore, Maryland, 
in 1998, has proven to be one of the premier  
electronics contract manufacturers in the 
U.S.  

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

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

Please email resume below. 

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

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

(agencies welcome)

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

IPC Master 
Instructor

This position is responsible for IPC and 

skill-based instruction and certification 

at the training center as well as train-

ing events as assigned by company’s 

sales/operations VP. This position may 

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

pendent contractor, depending upon 

the demand and the individual’s situa-

tion. Must have the ability to work with 

little or no supervision and make appro-

priate and professional decisions. Can-

didate must have the ability to collabo-

rate with the client managers to con-

tinually enhance the training program. 

Position is responsible for validating the 

program value and its overall success. 

Candidate will be trained/certified and 

recognized by IPC as a Master Instruc-

tor. Position requires the input and 

management of the training records. 

Will require some travel to client’s facili-

ties and other training centers.

For more information, click below.

https://www.blackfox.com
mailto:sharonm@blackfox.com
mailto:barb@iconnect007.com
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SMTA Atlanta Expo E
April 11, 2019
Peachtree Corners, Georgia, USA

KPCA Show 2019 E
April 24–16, 2019
Tokyo, Japan

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

Design & Manufacturing New England E
May 15–16, 2019 
Boston, Massachusetts, USA

Maker Faire Bay Area E
May 17–19, 2019 
San Mateo, California, USA

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

IMS 2019 E
June 2–7, 2019
Boston, Massachusetts, USA

MD&M Medical Design East E
June 11–13, 2019
New York, New York, USA

PCB West 2019 E
September 9–11, 2019
Santa Clara, California, USA 

SMTA International E
September 22–26, 2019
Rosemont, Illinois, USA

Events Calendar

Additional Event Calendars

https://www.smta.org/expos/#atlanta
http://www.kpcashow.com/eng/main.asp
http://www.manufacturing.show/electroshows/tech.cfm
http://www.oemnewengland.com/
https://makerfaire.com/bay-area/
https://www.smta.org/medical/
https://ims-ieee.org/
http://www.mdmeast.com/
https://pcbwest.com/
https://www.smta.org/smtai/
http://www.ipc.org/IPCCalendar.aspx
https://www.smta.org/news/smta_calendar/calendar.cfm
http://design.iconnect007.com/landing/design/events?skin=design
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