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Grossenbacher Systeme AG

XJTAG" Boundary Scan Saves Valuable Time at Swiss Contract Manufacturer

LETime is precious for contract manufacturers, which is why Grossenbacher Systeme of St. Gallen in
Switzerland chose XJTAG boundary scan to test customers’ assemblies and program on-board devices.
XJTAG’s powerful features and intuitive user interface helped the company’s engineers quickly become
expert users after a short and effective hands-on introduction.?J

Grossenbacher Systeme, which is part of the Swiss Amalthea
Group, provides high-quality manufacturing services to
companies in sectors such as pharmaceuticals, food, medical
technology, industrial automation, smart buildings, security,
transportation, logistics and communications. The company
has achieved ISO 13485 certification for producing medical
devices, and has special expertise in user-interface design.

With capacity to place 70 million
components per year, Grossenbacher
has chosen XJTAG boundary scan to
help minimise test cycle times, quickly
program devices like microcontrollers
and EEPROMSs, and accelerate
debugging and repair.

“Boundary scan is a powerful part of
our test strategy, and can cut the time
to identify errors caused by incorrect
assembly or connections,” explains
Christoph Preisig, Team Leader, Test
Engineering. “XJTAG has many features
that help us create and run tests
quickly and efficiently, and the user
interface is easy to understand. After
experiencing the introductory workshop,
our engineers were soon up to speed.”

XJTAG makes testing boards easier,
with an intuitive user interface that
guides the user through the test setup
process. An advanced Connectivity
Test, which also tests pull resistors
and logic devices, is built-in and helps
minimise the time between setting up
and capturing test results. In addition,
libraries of editable test scripts are
available for many types of non-JTAG

Paid Advertisement

components including memory devices.
These tests are written in a high-level
programming language that makes
them easy to understand and use.

“Creating boundary scan tests for
our boards is straightforward, and
allows us to deliver fast turnaround
times for customers. Our engineers
have become proficient very quickly,
and the technical support provided by
XJTAG’s engineers is of a very high

opinion

quality,” continues Christoph Preisig.
“The tools for use in production and
repair environments are also easy to
use, with powerful schematic and layout
viewers that pinpoint fault locations.”
XJTAG further accelerates production
with special features for high-speed
configuration of programmable devices
like CPLDs and EEPROMs which can be
used to assist in programming on-board
flash. This technology minimises data
on the boundary scan chain to eliminate
conventional limitations and permit a
huge increase in programming speed.

Another important feature, which is
important to Grossenbacher’s
engineers, is the ability to control
XJTAG boundary scan tests from a
third-party test executive such as NI

Christoph Preisig
Team Leader, Test Engineering
Grossenbacher Systeme

XJTAG has many features that help us create and run tests quickly and
efficiently, and the user interface is easy to understand. After experiencing
the introductory workshop, our engineers were soon up to speed.

The tools for use in production and repair environments are also
easy to use, with powerful schematic and layout viewers that pinpoint
fault locations.

The technical support provided by XJTAG’s engineers is of a very

high quality.

Overall, XJTAG is easy to use, convenient, efficient and effective,
and has quickly become popular with our engineers.

TestStand or custom-written windows
applications. XJTAG can interoperate
with a wide variety of other test
equipment such as in-circuit test,
functional test, flying-probe or inline
inspection systems, either by being
controlled by third party software or by
using XJRunner, XJTAG’s standalone
production environment software, to
control the third party equipment.

“XJTAG makes it easy for us to
work the way we want to, either
through built-in user interfaces like
XJAnalyser or XJRunner, or integrated
with our other test equipment,”
confirms Christoph Preisig. “Overall,
XJTAG is easy to use, convenient,
efficient and effective, and has quickly
become popular with our engineers.”
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Circular Economy Regs Make
My Head Spin

ANY “topical” conferences are not just
M good at answering questions, but they also

open one’s eyes to questions that have yet
to be resolved.

The ITI/IPC 2019 Conference on Emerging
& Critical Environmental Product Requirements
is a perfect example. The two organizations
caravanned across the US in June, bringing scores of
environmentally conscious engineers and compliance
officers up to date on the latest REACH and related
regulations in the EU, UK and Asia.

What distinguishes REACH from almost any
chemical safety regulation I can think of — including
RoHS - is parties need to prove the safety of a
substance before it’s allowed on the market, and
exemptions must be justified from both a risk point-
of-view and a socio-economic point-of-view. Multiple
independent technical committees, appointed by the
Member States, make those assessments.

The latest efforts have lasered in on
phthalates, also known as plasticizers. These
chemicals are added to plastic to make it both
stronger and more flexible, but perhaps are harmful
to health. This would be an important addition
to RoHS, as plastics are again under the public
microscope for their near permanence and ubiquity
in the environment. (Plastic bags were found this
year by a manned sub at the bottom of the Mariana
Trench.) A new environmental bill in the UK is
working toward eliminating all avoidable plastic
waste by 2042 and all avoidable waste by 2050.
Estimates are 80% of the costs will be borne by
producers. OEMs beware.

The one-day sessions gushed with the proverbial
fire hydrant’s worth of information. While the EU in
particular is seen as trying to shorten the evaluation
process, registration of a substance is not the end of
the process. The European Chemicals Agency (ECHA)
has a goal to increase compliance checks to 20%
by 2027, from the current rate of 5%. If anything,
scrutiny will intensify.

As an aside, if it feels like all the pressure on
proving out substances is coming from outside the
US, that’s because it is. In the current regulatory
environment in the US, any attempt to phase out
chemicals for almost any reason has a snowball’s
chance in hell of succeeding. One attendee remarked
it is probably better the US does not have its own
rules, unless they were harmonized with those of
other regions.

Speaking of harmonization, nine Asian nations
now have versions of WEEE or RoHS. China’s

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

lead regulatory bodies, the State Administration

for Market Regulation (SAMR) and the Ministry

of Industry and Information Technology (MIIT), in

May jointly issued the Implementation Measures

for Conformity Assessment System, which stipulates

conformity submissions are due within 30 days

of a product’s introduction to the market. The

submission, which goes to a public website, can

involve either a voluntary certification or a supplier’s
declaration of conformity. Come November, labels
will be mandatory.

As is expected, goals and methods vary by nation.
For instance, India seeks to reduce waste 10% per
year, reaching a 70% decrease by 2024. Hong Kong
has a disposal plan in effect, but as of June companies
could only pay by check, not electronically.

All of this is part of the so-called circular
economy. (For more on that, see the iNEMI article
that starts on pg. 47.) Apropos, because my head was
spinning with questions:

m Is the current goal of REACH to eliminate use
of a substance or to eliminate human contact
with a substance?

m Once a substance is on a list, is there any process
for removing it?

m Should the US be involved in identifying and
restricting chemicals of concern, or is it preferable
to default to the EU? Which would be least
disruptive to industry?

m Is there a strategy for harmonization across the US,
EU, UK, Asia, etc.? If not, should there be?

m Are labels required for each end-product, or on
every subsystem or component?

m One enforcement and compliance expert offered
an example of a 20-person company that hired
an additional worker to help the company stay
in compliance. Is it financially feasible for small
businesses to add staff just for compliance? Would
it be better to outsource that function, and, if so,
where would a company turn to do so?

I truly feel for the poor souls who are trying to

A)UPV/

keep up with it all.

buetow@upmediagroup.com
@mikebuetow

P.S. See you this month at PCB West (pcbwest.com)
at the Santa Clara Convention Center and SMTAI in
Rosemont, IL (booth 1008).
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PCD&F People

Chin Poon appointed SL Huang president.

Insulectro named Geraldine Arseneau
product manager-drill and business man-
ager-Canada.

Ralph Morrison, author of a dozen books
electronics engineering, passed away Aug.
2. He spent more than 50 years in the elec-
tronics industry and taught thousands of
engineers about the fundamentals of volt-
age and currents.

TTM named Dan Tozer frontend engineer-
ing manager.

PCD&F Briefs

Amitron installed a MicroCraft EBM6151
flying probe tester at its facility in Chicago.

AT&S is investing 1 billion euros in a new
plant in Chongging in Southwest China.

Canadian Circuits has acquired an Orbotech
Paragon 9800 LDI.

Downstream Technologies moved its head-
quarters to a new, larger facility in Marl-
borough, MA.

Eternal Technology named International
Electronic Components (IEC) exclusive dis-
tributor for its dry film photoresist products
in North America.

HannStar Board is acquiring a 24% stake
in Career Technology, with the intention of
developing 5G-related products, according
to reports.

lowa State engineers are using heat-free
technology to print metal traces on flexible
electronics.

iNEMI released four additional chapters
from its 2019 Roadmap.

ITEQ and Elite Material are poised to embrace
new business opportunities arising from the
new server transmission architecture of PCle
Gen 4, according to industry sources.

Patchr and Royal Circuits have integrated
their respective software systems to permit
manufacturing once projects are complet-
ed in Patchr’s platform.

Tech-Etch installed an Atg A5Neo flying
probe tester.

Trackwise Designs released “The Engi-
neers’ Guide to Multilayer Flexible
Printed Circuits (FPCs): Technologies and
Applications,” a white paper on FPCs,
including limitless-length FPCs (https:/
tinyurl.com/y4d3w8r2). The fabricator
also announced a collaboration agree-
ment with GKN Aerospace to build the
Type 8 Ice Protection System.
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Bipartisan Legislation Introduced to Guard
Against Foreign Threats to US Supply Chains

WASHINGTON - Citing the vital need for a secure US industrial base, US Senators
Mike Crapo (R-ID) and Mark Warner (D-VA) have introduced bipartisan legislation
to guard against attempts by the People’s Republic of China and others to undermine
US national security by exploiting and penetrating US supply chains.

The Manufacturing, Investment, and Controls Review for Computer Hardware,
Intellectual Property and Supply (MicroChips) Act (S. 2316) would develop a nation-
al strategy to assess and prevent risks to critical US technologies.

“Actions by the People’s Republic of China have contributed to an unfair and
unsafe advantage in its technological race against the United States,” said Sen. Crapo.
“Through government investments and subsidies, as well as intellectual property theft
of companies like Idaho’s Micron, China aims to dominate a $1.5 trillion electronics
industry, which creates serious, far-reaching threats to the supply chains that support
the US government and military. The MicroChips Act would create a coordinated
whole-of-government approach to identify and prevent these efforts and others aimed
at undermining or interrupting the timely and secure provision of dual-use technolo-
gies vital to our national security.”

“While there is broad recognition of the threats to our supply chain posed by
China, we still lack a coordinated, whole-of-government strategy to defend our-
selves,” said Sen. Warner. “As a result, US companies lose billions of dollars to intel-
lectual property theft every year, and counterfeit and compromised electronics in US
military, government and critical civilian platforms give China potential backdoors
to compromise these systems. We need a national strategy to unify efforts across the
government to protect our supply chain and our national security.”

Chinese companies export telecommunication technology equipment into soft-
ware, hardware, and services used in the US, and reportedly hope to export SG
to the US that could potentially harm and expose both consumer and US military
information.

Malicious chips or counterfeit parts could create backdoors enabling the moni-
toring or stealing of consumer data or cause broader system malfunctions. Even with
high investments in cybersecurity, the US remains vulnerable to advanced cyber-
attackers like Russia and China.

A 2018 Government Accountability Office report stated, despite multiple warn-
ings since the early 1990s, cybersecurity has not been a focus of weapon systems
acquisitions within the military community. The Department of Defense’s continuous
acquisition of weapons systems without making security a key priority could poten-
tially lead to loss of US IP and technological advantage of the US Armed Forces, con-
tribute to unnecessary risks to human life and interfere with the ability of the Armed
Forces to execute their missions.

The MicroChips Act would address China’s practice of four major non-kinetic
areas of warfare, including supply chain exploitation through supplying faulty soft-
ware, hardware and components; cyber-physical attacks on US systems with real-time
operating deadlines, such as missiles, aircraft and electrical grids; cyber-attacks on
computer systems; and bad actors gaining sensitive information.

The act contains four sections with the following components: summarizes key
findings of Congress regarding supply chain security; directs the Director of National
Intelligence, DoD and other relevant agencies to develop a plan to increase supply
chain intelligence within 180 days; establishes a National Supply Chain Security Cen-
ter within the Office of the Director of National Intelligence to collect supply chain
threat information and disseminate it to agencies with the authority to intervene; and
makes funds available under the Defense Production Act for federal supply chain
security enhancements.

Section two of the bill was included in the House-passed version of the Intelli-
gence Authorization Act, and the Senate adopted section four of the bill through its
version of the National Defense Authorization Act. — CD
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proprietary SCORE™ system

+ Access to a global network of facilities in the U.S., Mexico,
China and Vietnam

Let us show you how our scalable options can help your company thrive ina
« A supply chain management strategy that supports material changing world.
integrity while achieving competitive cost

+ Robust systems for serialization, traceability and device
history recordkeeping ONE SOURCE. GLOBAL OPTIONS.

« An experienced team capable of supporting your project’s
changing needs over time. =’G R DN
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CA People

ACC Electronix promoted Curt
Williams to president. Williams
has 19 years’ experience in
EMS and was vice president
of sales.

Benchmark Electronics named
Rob Crawford chief revenue
officer. He was vice president,
global sales, Advanced Technol-
ogy Solutions at Celestica, and
previously held various leader-
ship roles at QLogic, Quantum and Dell.

Data I/0 named Michael Tidwell

vice president of marketing and

L g business development. He was

i previously head of marketing

"' "'IA and business development at
Sansa Security.

Dynamic EMS hired Nicola Laird for its
purchasing department.

Green Circuits named Nino
Hardin (left) regional sales
manager for the South-
west region and Kevin Kriss
(below, left) regional sales
manager for the Southeast
region.

H K Wentworth, parent com-
pany of Electrolube, appointed
Robert Crosby-Clarke commer-
cial director.

Identco announced Chuck
Horan as director of sales, North
America. He joined the com-
pany in 2016 as a global account
manager and most recently was
director, strategic accounts.

Inventec Performance Chemi-
cals announced Collin Whalen
as Northeast US regional sales
manager.

Keysight named Stacy John-
son university program manager.

Lockheed Martin named Kantesh Doss
senior member engineering staff.

= "1 Masterwork Electronics
appointed Bhawnesh Mathur
- CEO. He was most recently
' president and CEO of Creation
Technologies, and also was
CEO of EPIC Technologies,
EVP global supply chain at Sanmina-SClI,
and chief supply chain officer at Arrow
Electronics.

National Circuit Assembly
appointed Mark Cottam vice
president of sales and market-
ing. He has 30 years of senior
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Good Chemistry: Atotech Acquires J-KEM

BERLIN - Atotech has acquired J-KEM International, a supplier of chemistries and
processes for the printed circuit board and metal finishing industries. Terms of the
transaction, which closed Aug. 1, were not disclosed.

Rosersberg, Sweden-based J-KEM’s technology and customer relationships
complement Atotech’s product portfolio and will help expand addressable markets
and drive future growth, Atotech said in a statement.

Atotech will maintain all existing services of J-KEM, while the latter’s cus-
tomers gain full access to Atotech’s regional and global product development,
production and technical support capabilities, including its material science and
analytical services.

“We are thrilled to add J-KEM’s strong products and technologies to Atotech,”
said Geoff Wild, chief executive, Atotech. “We see substantial opportunities to fur-
ther grow our business with this set of new and excellent products. ]-KEM brings a
graphite process that gives superior performance, an accelerator-free system in col-
laboration with an EDTA electroless copper process, as well as a palladium-based
direct metallization process. These additional capabilities will help expand our reach
into exciting growth markets like flex-PCBs and exotic materials.

“This acquisition is representative of our strategy to drive growth and expand
the scope of our technology so we can address a greater share of the market. We will
continue to look for opportunities that make us a more important partner to our
customers.” — MB

Benchmark to Close 2 Sites, Lay Off
300 Workers

TEMPE, AZ - Benchmark Electronics will shutter assembly sites in San Jose and Guay-
mas, Mexico, by the end of next March and lay off about 3% of its global workforce.

Benchmark didn’t specify how many positions would be cut, but based on the
firm’s fulltime headcount as of Dec. 31, the total would be about 315. The company
also employs about 1,500 contract workers.

The two sites make up 4% of Benchmark’s global footprint of about 4 million sq. ft.

The sites combined serve fewer than 20 customers and build products for a vari-
ety of end-markets. Customers are expected to be moved into other locations by the
end of the first quarter 2020.

“We will consolidate many of these programs at the sites in other manufactur-
ing locations in our network, which will in turn improve their asset utilization and
efficiency,” president and chief executive Jeff Benck said.

The EMS firm will take restructuring charges of $6 million to $8 million, of
which $1 million to $2 million will occur in the current quarter.

Benchmark expects annualized savings of approximately $5 million once the site
closures are completed.

The 79,000 sq. ft. San Jose site was formerly SMTEK, which was acquired by
CTS Manufacturing Solutions in January 200S. It was acquired by Benchmark in
October 2013.

The plant in Guaymas performs cable and wire harness assembly and electrome-
chanical assembly. - MB

Flex to Incur Up to $320M in Restructuring
Charges, Might Lay Off Thousands

SAN JOSE - Flex will take up to $265 million in charges over the next three quarters
in part related to layoffs of an unspecified number of workers.

That’s in addition to the $56 million in restructuring charges it booked in its fis-
cal first quarter ended Jun. 28. With potential additional costs in the range of $145
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: TIME MACHINE

INTRODUCING THE
YSrP10 SOLDER PASTE PRINTER

e The industry’s first solder paste printer that boasts a completely automatic changeover system

e Enabled by automatic support pin exchange, automatic stencil replacement, and automatic solder paste
transfer functions

e The YSP10 can remove solder paste from an existing stencil and transfer it to another in about one minute

with zero operator interaction

Eliminates all operator involvement in the changeover process

¢ Reduces program changeover time from more than 15 minutes to a mere 2 minutes*

@YAMAHA

(s rHear?®
*under optimal conditions evs You.
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executive experience across multiple sec-
tors, including manufacturing, technology
and computer software.

Stentech named Brent Nolan vice president.

Universal Instruments named Frank Silva
Western regional sales manager.

Zollner promoted Manfred Amberger to
senior vice president, marketing and sales.

CA Briefs

AIM Solder opened a new full-line manu-
facturing facility in the Changxing district
of Huzhou, Zhejiang Province, China.

AirBorn broke ground on a $3.7 million
investment that will double its size in
Pennsylvania and add up to 249 new jobs.

Apple will acquire the majority of Intel’s
smartphone modem business for $1 billion.

Arrow Electronics will close its plant in
Windsor, CT, in mid-September.

AT&T is working with a product division of
Jabil to accelerate retail automation using
autonomous robots with 5G wireless net-
working capabilities.

BESTProto installed a Mycronic MY-300
pick-and-place line, its fourth.

Lindsay Goldberg, a New York private
equity firm, will acquire a stake in Cre-
ation Technologies from Birch Hill Equity
Partners and other equity holders for an
undisclosed sum.

Epoch Intemational installed a Europlacer
EP710 screen printer and iineo+ placement
platform, Viscom SPI and AOI, and Heller
reflow oven at its EMS plant in Fremont, CA.

Fanuc Robotics America lost an appeal to
import PCBs duty-free from China.

A Foxconn subsidiary has invested in a
reported $8.9 billion in a new display plant
in Guangdong province.

Foxconn and Amazon are coming under
fire over labor conditions in a factory
located in Hengyang, Hunan Province,
China, after a report from the advocacy
group China Labor Watch.

Fuji America named Alphatek sales repre-
sentative in the Western US.

Huawei plans to build an $800 million
plant in Sao Paulo, Brazil, over the next
three years.

Jabil filed a lawsuit against Essentium and
former staff members for the alleged theft
of its TenX 3D printer design.

Konka, a leading Chinese home appliance
company, is set to establish a JV with
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million to $265 million over the next nine months, the total restructuring charges
could top $320 million in its current fiscal year.

Flex is making the moves in part due to the expected loss of Huawei as a custom-
er. Huawei, which made up roughly 5% of Flex’s quarterly revenue, was reportedly
outraged when the EMS company held back shipments and raw materials to comply
with US government edicts.

On a conference call with analysts, Flex CEO Revathi Advaithi acknowledged the
company expects a “reduction in demand” from Huawei. “[A] well-publicized action
by the US government and significant geopolitical uncertainty impacted our customer
Huawei. These actions ... led to a reduction in demand for products we assemble for
them in China. And as a result of this, we’re scaling down our Huawei-dedicated
operations in China.”

Separately, Reuters is reporting Flex could cut as many as 10,000 jobs in China,
a result of the dispute with Huawei. Flex employs 50,000 workers in China. — MB

Flex Opens 4t India Assembly Site

CHENNAI, INDIA - Flex opened a 159,000 sq. ft. manufacturing facility here, its fourth
in India.

“We are thrilled to celebrate the inauguration of our latest manufacturing
facility in India that offers one-stop solutions ranging from engineering, manu-
facturing, and supply chain and logistics services to increase our customers’ com-
petitiveness and decrease time to market,” said Richard Hopkins, senior vice
president of operations at Flex. “This further reiterates our continued commitment
toward the Government of India’s Make in India vision and entrenches India’s

position as an important manufacturing base for Flex.”

Flex has 10 other sites in India, providing manufacturing, after-market services

and global business services. — MB

HoHo, an Egypt-based home appliance
company, followed by an investment for
the construction of a new factory.

Laserssel named as representatives SW
Systems Technology for the Southwest US
and Mexico and Kurt Whitlock Associates
in Florida.

Lite-On Technology reportedly plans to sell
its storage business consisting of SSD
products, with Toshiba Memory being iden-
tified as a potential buyer, according to
industry sources.

Motion Sensors installed an Optical Con-
trol OC-Scan CCX.3 x-ray component coun-
ter.

Northrop Grumman is seeking firms with
expertise in printed circuit assembly to sup-
port what it calls a “major project” dealing
with a US Air Force program to replace the
Minuteman Ill ICBM missile system.

The Plexus Azteca manufacturing facil-
ity in Guadalajara, Mexico, achieved FDA
approval to manufacture finished, Class Il
medical devices.

Quanta Dialysis Technologies select-
ed Benchmark Electronics as produc-
tion partner for the SC+ haemodialysis
machine.

Sennheiser officially opened its new
electronics assembly plant in Brasov,
Romania.

TexMac appointed Altrade to represent
and service Takaya systems in Brazil.

Unimicron and Qisda are among compa-
nies expanding in Taiwan after the Min-
istry of Economic Affairs approved their
applications to participate in a govern-
ment program to encourage investment.

University of Arkansas researchers are
working to develop technology that will
help protect electronic devices from high
radiation.

Volex has acquired EMS firm Serva-
tron for up to $28.5 million in cash and
shares.

Z-Axis named West-Tech representative
in Northeastern US and Canada.

SEPTEMBER 2019



See us at PCB West
Booth # 201

Do you have the right circuit materials?

Frequencies at 28 GHz and higher are being used in Fifth Generation (5G) wireless
communications networks. 5G infrastructure depends on low-loss circuit materials
engineered for high frequencies, materials such as RO4835T™ laminates and
RO4450T™ bonding materials from Rogers Corporation!

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,

Smart House

including power, signal control and signal transfers.
Rogers RO4450T bonding materials are available
in 3,4, and 5 mil thicknesses to help construct

Smart Grid

those 5G hybrid multilayer circuits. These

Ao X

spread-glass-reinforced, ceramic-filled i
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 2

bonding materials complement the different
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the right circuit materials? / \‘/
Learn more at www.rogerscorp.com/5G !‘# Product *Dk *Df
g RO4835T 2.5 Mil 333 0.0030

. EUROPEAN:= Visit us
MICROWAVE= t Booth RO4835T 3.0 Mil 333 0.0034
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UNIVERSALITY THROUGH MICROWAVES |

RO4450T 3.0 Mil 3.23 0.0039

RO4450T 4.0 Mil 3.35 0.0040

ROGERS RO4450T 5.0 Mil 328 0.0038

CORPORATION * IPCTM-6502.5.5.5 Clamped Stripline at 10 GHz - 23°C

Advanced Connectivity Solutions

USA - AZ, tel. +1 480-961-1382 - EUROPE - BELGIUM, tel. +32 9 235 3611
wWww.rogerscorp.com
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EDITED BY CHELSEY DRYSDALE

TOUGH DEFENSE

Trends in the electronics equipment market (shipments only).
% CHANGE

APR. MAY JUNE YTD%
Computers and electronics products 1.4 0.4 -0.7 5.3
Computers 0.4 -4.5 -6.1 -16.5
Storage devices 16.1 -5.6 -3.1 23.4
Other peripheral equipment 2.8 1.8 23 8.2
Nondefense 1.3 -0.3 1.1 1.7
communications equipment
Defense communications equipment -18.4 8.0 124 1.6
A/V equipment 5.8 1.1 -0.3 39.0
Components’ -1.4 0.7 2.3 25
Nondefense search and 0.9 -0.9 -1.7 39
navigation equipment
Defense search and 22 -3.0 -1.6 3.1
navigation equipment
Medical, measurement and control 2.2 -0.1 -2.3 25
"Revised. *Preliminary. 'Includes semiconductors. Seasonally adjusted.
Source: U.S. Department of Commerce Census Bureau, Aug. 2, 2019

DRAM Sales to Decline 38% in 2019

SCOTTSDALE, AZ - Despite a 38% sales decline expected this
year, the DRAM market is forecast to remain the largest of all
IC product categories again in 2019, with sales of $62 billion,
says IC Insights.

The DRAM market will account for 17% of total IC sales
this year, according to the firm. By comparison, DRAM sales
accounted for 23.6% of the total IC market in 2018.

The NAND flash market is forecast to slip from second to
third position in the ranking, with total sales falling 32% to
$40.6 billion in 2019. Taken together, the DRAM and NAND
flash memory categories are forecast to account for 29% of the
total $357.7 billion IC market this year, compared to 38% of
the total IC market in 2018.

Hot Takes

® Worldwide sales of smartphones to end users will total
1.5 billion units in 2019, down 2.5%. (Gartner)

e The Brazilian electric-electronics industry has cut its
2019 production forecast to 2%, from 7% in the pre-
vious estimate. (Abinee)

® In 2018, worldwide contract manufacturing services mar-
ket revenue increased 15%, resulting in combined EMS

KEY COMPONENTS

Book-to-bills of various components/equipment.

FEB. MAR. APR. MAY JUNE
-22.7% -24.9% -28.5%-23.6%" -19%P
-10.6% -13% -13.7% -14.8%"-16.8%"
106 100 1.02 099 1.00
542 541 535 539" b5.44°

Semiconductor equipment!
Semiconductors?

PCBs? (North America)
Computers/electronic products*

Sources: 'SEMI, ZSIA (3-month moving average growth), °IPC, *Census Bureau,
Ppreliminary, revised
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and ODM revenue of nearly $542 billion. (NVR)

e The worldwide tablet market declined 5% year-over-year
during the second quarter as global shipments fell to 32.2
million units. (IDC)

o The wearables market will reach $50 billion 2019, more
than double since 2014. (IDTechEx)

e Taiwanese PCB fabricators reported rigid exports grew
6.1% and flex exports fell 4.06% year-over-year in
July. (TPCA)

e Worldwide semiconductor revenue is expected to decline
9.6% to $429 billion in 2019. (Gartner)

US MANUFACTURING INDICES

MAR. APR. MAY JUNE JULY
PMI 553 528 521 51.7 512
New orders 574 517 527 500 508
Production 558 523 513 541 508
Inventories 51.8 529 509 491 495
Customer inventories 427 426 437 446 457
Backlogs 504 539 472 472 431
Sources: Institute for Supply Management, Aug. 1, 2019
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“International Controls Services is an EMS provider for the medical, communications, defense, aero-
space and homeland security industries. ICS’s world-class capabilities, superb manufacturing quality,
and top notch delivery are reasons why our partners have been with us for decades. As a long time
MIRTEC customer, | have always been impressed with MIRTEC’s ability to inspect our products in a
cost effective and productive manner. However, the new MV-6 OMNI 3D AOI systems we recently
purchased are just over the top! The ease of programming and the value they add through quality

control is absolutely fantastic. Dennis Espinoza — Founder and CEO -

REEdREdd ]

OMNI-VISION® 3D Inspection Technology

15 Mega Pixel CoaXPress Camera Technology

10 um/pixel Telecentric Compound Lens

10 Mega Pixel SIDE-VIEWER® Camera System

Eight Phase COLOR Lighting System

Full 3D Co-Planarity and Solder Fillet Inspection Capability

wWwWww.mirtec.com



The Skinny onTraining in the Lean Organization

As the challenges of training evolve, so does the definition of lean.

PETER BIGELOW
is president and CEO
of IMI Inc. (imipch.

com); phigelow@
imipcb.com. His
column appears
monthly.

become lean without
tons of training.

Think about that oxymoron for a moment. It takes
time to train, time that a lean organization cannot
sacrifice. Training in this industry, which utilizes many
varying yet intertwined processes, has traditionally
taken the form of on-the-job training (O]JT) versus a
formal, classroom-style format. In any organization,
especially a lean one, OJT is much easier to adminis-
trate and far less disruptive to employees and produc-
tion than other types of training. In a service industry,
even in support positions off the shop floor, it is much
easier to take someone offline and plunk them down
for formal training. In a lean manufacturing environ-
ment, however, excess resources in any given job func-
tion or department are rare. Hence, most training is
integrated into the daily workflow as OJT.

But the type of training needed today is complicat-
ing this reliance on OJT. Owners or managers in man-
ufacturing companies — regardless of industry — tell me
the no. 1 issue they face is identifying, recruiting and
hiring good employees. The subset to this challenge
always mentioned by hiring managers includes themes
along the lines of finding millennials who consistently
show up for work; older people with skills or abilities;
and anyone who is committed to a career versus a
short-term job. Add language and legal status to the
mix and hiring and retaining people — good people —
becomes not just challenging, but almost impossible!

Increasingly, the type of training needed is chang-
ing and more time-intensive. For many these changing
needs are far less intuitive. For older workers, learning
to operate software-driven equipment that replaces
an older electromechanical device (levers and knobs)
can be time-consuming and daunting. Ditto for learn-
ing about cybersecurity, how to access encrypted,
password-protected websites to gain access for, and
then reply to, customer quotations, etc. For millenni-
als who may have extensive computer, software and
digital knowledge, learning to interact with different
generations of people (without texting), being consistent
in attendance and action so they can become a valued
part of a team, or, for that matter, even knowing what
exactly a true work team is, can be as intense as learning
a foreign language. And speaking of language, harmo-
nizing several foreign languages within a common work
environment, especially in light of operating equipment,
software and peer interactions, can challenge the most
patient of us. Yet this is becoming the training norm.

Which makes OJT less viable when the subject
matter to be taught is so generic, varied, and non-task-
driven. Everyone in industry who relies on an older,
soon-to-retire workforce, especially ours with its range
of specific processes utilizing a mix of legacy and state-
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of-the-art equipment, needs to rethink training. That
means rethinking not only how training should be
conducted, but also what training is needed by which
generation, level of experience, or tenure of employee.

OJT does not lend itself to instructing many of
the needs we now must master. When so many need
to learn how to manipulate a new software program,
or master online tools to manage the onslaught of
passwords, or become familiar with a new regulation
or standard, it is best to commit the time and resourc-
es to train employees in a more formal classroom or
online setting. Employees need to become comfort-
able learning in varied environments, including their
workstation, machine, cubicle or even home.

The expectation of responsibility by employees,
like training needs, may require a similar shift in
thought within the electronics industry. In many
other industries, employees are required to spend
personal time taking assigned training courses to stay
current on processes, equipment, and regulations that
impact their work. Performance reviews and compen-
sation are often tied to the employee’s completion and
mastery of content, demonstrated by passing quizzes
after each training segment. Our industry may need
to adopt the same expectations and commit to invest-
ing in content and courses critical for success.

Online courses are currently available in many
areas, from safety through quality analysis to specific
administrative and operational process skills. Soft-
ware and digital overviews and deep dives in train-
ing are available to assist employees transitioning
from the electromechanical world to the digital age.
Courses for certification to standards, as well as basic
skills in how to interact with peers, are also well-
suited to online training. The challenge for managers
is to identify what is needed in the organization and
by whom, and then overlay the available courses and
optimal delivery methodology. All this is a paradigm
shift from the familiar and much less disruptive train-
ing environment we are accustomed to with OJT.

Given all that, how does training contribute to a
lean business environment, especially given the dynam-
ic our industry now faces? As training needs and deliv-
ery methodology change, so too does the concept of
lean. How employees interact with machinery, people
and now even robotics is rapidly evolving. Knowledge
that allows independence of action is increasingly more
important. The days of a work cell being made up only
of humans is giving way to smart machinery, requiring
workers with programming skills, not just operations
abilities. The definition of lean may soon have more to
do with how thoroughly a person masters a piece of
equipment, rather than how many different pieces of
equipment they master.
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REL61™ Lead-free Alloy
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AIM Global Solder Solutions
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BOARD BUYING

It's Time to Bypass the PCB Broker

It's adding unnecessary costs to your supply chain.

GREG
PAPANDREW has
more than 25 years’

experience selling
PCBs directly for
various fabricators
and as founder of a
leading distributor.
He is cofounder of
Better Board Buyer
and will be speaking
at PCB West in
September; greg@
boardbuying.com.
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WANT A MORE robust and cost-effective supply
chain? Shrink it. Remove the expensive middle-
man. You don’t need to pay a PCB broker a 20 to
40% markup to, basically, relay information from
you to overseas vendors.

The truth is the PCB broker business model -
where companies buy printed circuit boards from
an overseas manufacturer and then resell them to
a customer — is outdated. And it’s adding unneces-
sary costs to your supply chain.

Years ago, brokers were small operations, with
perhaps three to five people. And at one time, they
did provide a valuable service to their customers,
offering lower prices on boards made overseas,
while handling all the details of procurement from
foreign vendors in what was often a challenging
PCB buying cycle.

For a couple of decades, brokers and custom-
ers had a symbiotic relationship that served the
industry well.

But that’s no longer the case.

Today’s dedicated brokers are typically multi-
million-dollar businesses, dependent on a collec-
tion of board houses, requiring large and costly
staffs to maintain their operations. They have
become a business within a business. What was
once value-added is now an unnecessary expense
to PCB buyers.

Interestingly, the not-so-dedicated brokers,
those domestic PCB manufacturers that buy and
resell finished PCBs to supplement their sales,
may not be getting boards directly from an over-
seas factory. It is not uncommon for them to buy
boards through other domestic brokers, adding
another layer of expense. So instead of the typi-
cal customer-broker-overseas manufacturer sup-
ply chain, it is customer-broker-broker-overseas
manufacturer.

Any business that survives is ultimately cycli-
cal. Board distribution is not immune. But the
broker model has remained stagnant.

Brokers still do the same things they did 20 years
ago. They receive CAD files, sanitize them, then send
them off to vendors. They get a quote and rebrand
that quote for the customer. They have product
shipped to a centralized warehouse in the West,
where they reinspect the product (usually) before re-
boxing or rebranding the shipment to the customer.

This is an inefficient system. Most, if not all,
these activities can be handled more cost-effective-
ly by the manufacturer.

Today, good offshore manufacturers have the
industry-prerequisite certifications and registra-
tions, communicate well, make quality product,
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warehouse inventory to meet changing production
needs, and have service centers near customers.

Why can’t a customer send CAD files directly
to a manufacturer? Communication from offshore
vendors is much better than it was 10 years ago,
and technology has made it even easier. A custom-
er can send CAD files, request a quote, and get a
timely response just as easily as a broker.

Why must another entity be involved to ensure
PCB quality? If thereisaneed forasecond “Western”
inspection, then why is that broker’s particular
vendor used?

The typical broker will tout its service, quality
and years of experience, but will tell you next to
nothing about the actual board vendor. Quality of
goods shipped from the other side of the world is
a genuine concern. But what are we talking about
here? Class 3 or just standard fare? More than
95% of the PCBs built are not going into missiles
or airplanes.

And it’s not the first rodeo for offshore ven-
dors. They’ve built thousands of part numbers;
their engineering and quality staffs have become
much better. In fact, Chinese universities offer
degrees in PCB manufacturing, as opposed to the
inconsistent, learn-on-the-job system of PCB train-
ing in the West.

Why can’t an offshore PCB manufacturer offer
terms — the same terms offered to a broker — direct-
ly to customers? Many overseas manufacturers
want to directly deal with customers, as made clear
by the volume of emails received by PCB buyers
every day from these vendors.

And it is easier than ever for customer quality
departments to vet overseas manufacturers and
confirm customer testimonials.

So, why shouldn’t PCB buyers go direct?

Full disclosure: Many may remember I was a
strong proponent of the PCB broker model. When
I started in this industry 25 years ago, offshore
manufacture of high-mix, low-to-medium volume
PCB orders was still in its infancy. Using a broker
back then made sense. And for some board cus-
tomers, the services brokers provide may still be
worth it.

But in this highly competitive industry, drop-
ping a costly link in your supply chain could make
a real difference to the bottom line.

PCB brokers carved out a useful niche at a time
when the industry needed them. Now they are, for
the most part, a relic that leads to bloated board
pricing.

It’s time for PCB buyers to work directly with
offshore vendors and bypass the broker. o
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Assembly Data and Documentation Process Overview, Part

Prepping the data for placement and soldering.
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of this two-part series on assembly data
and documentation, we discussed how data drive the
assembly package and listed several items needed for
it to be complete. Understanding this and the manu-
facturing process will help users make sound design
decisions. This column provides a deeper dive into
each step of this process.

Once the
parts (including the PCB panels) are purchased, the auto-
mated assembly process can begin. Data required for
this phase of the manufacturing process are taken from
a few valuable sources. For the manufacturing engineer,
the bill of materials (BoM) provides a limited view of the
requirements. Along with the BoM output, the designer
has hopefully provided an intelligent data format file for
the design. With this information, the manufacturing
engineer can get a good look at the design intent and
begin planning the order of manufacturing operations.

The provision of x, y placement data output
from the design database is invaluable to the process.
Sometimes referred to as a “pick-and-place” file, the
data can be fed into process programming to help
select the proper tape reel and define the nominal
location and rotation for each SMT part that will be
automatically soldered to the board.

If there are SMT parts on both sides of the board,
the placement file will indicate this, and the place-
ment parameters will be divided into two operations
(called first pass and second pass) to place and solder
SMT parts to their respective sides.

All remaining through-hole parts which are not to
be run in the reflow oven
process will be designat-
ed for secondary solder

secondary side of the PCB should meet the solder
wave (FIGURE 1).

When SMT exists on both sides of a mixed tech-
nology PCB, it is far more common to process both
sides of the PCB SMT passes in the reflow oven.
Then, the assembler selectively solders the remaining
through-hole parts on the assembly.

Selective solder machinery can make accurate solder
joints on through-hole component pins by positioning
a small fountain of solder underneath the selected pin
and automatically raising the fountain cup to a height
to make the solder joint (FIGURE 2). The process is
highly accurate but is not considered “speedy” due to
the nature of the single solder fountain head.

Many important decisions must be made regarding
solder processing before a board begins to roll down the
assembly line. Although the assembler has many options
to address the manufacturing challenges, the PCB design
engineer’s goal should be to communicate with the
manufacturing engineering stakeholder. Seek out design
solutions to reduce these multiple process requirements
as much as possible; that’s just good DfM.

After solder paste is applied,
the panel moves onto the placement line. The panel
is designed to include rails, which not only provide
stability to the panel structure, but support the panel
on the conveyer as the panel is moved into position
for automated placement. The pick-and place machine
optically calculates the exact position and rotation of
the panel. The PCB designer provides the coordinate
starting point of the panel via the placement file,

processing. This can be
performed manually by a
soldering technician or by
two other common auto-
mated processes: wave
soldering and selective

soldering.

Assemblers  widely
use wave soldering to /
make solder joints on

the side of the PCB from

Wave Solder Application

Printed Cirenit B

N\

which the through-hole Sulder Reservoir x f

pins protrude. The best-

case condition for wave \\‘ /
soldering is when all the CO

parts are mounted on the
topside of the PCB. Only
the through-hole pins
needing solder and the
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FIGURE 1. Wave solder application process.
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permitting the machine to place components on the panel with
lightning speed.

Once all the parts are
placed on the side to be assembled, the panel moves along the
conveyor into the reflow oven, where the assembly is heated,
the solder melted, and solder joints formed.

A few variables must come together well for solder joints
to be in spec:

m The footprint land geometry must be designed properly
with enough toe and heal and side extension to permit a
perfect solder fillet. (See IPC-7351 for more information.)

®m The optimal amount of solder paste must have been
applied to the land by accurately calculating the stencil
opening in relation to the stencil thickness and the type of
solder used on the PCB.

m The oven’s thermal profile (or heat zones) must be opti-
mized so the PCB and components receive the proper
thermal ramp, soak and cooling times to permit the solder
to flow and solidify properly.

As mentioned, parts
not suitable for reflow must be processed using different manu-
facturing practices. It is usually up to the manufacturing engineer
to determine how these remaining components will be soldered.
The PCB assembly drawing the designer provides should specify
the components be “soldered” without being specific as to how.
This is for manufacturing flexibility. Some through-hole parts
must be addressed specially with alternative soldering processes
such as wave and selective soldering, but many other types of
assembly actions are required on the PCBA after all the parts
are soldered. It is important for these second-op conditions to
be carefully considered by the PCB designer during the layout
phase, hopefully in collaboration with the manufacturing engi-
neering stakeholder. Ultimately, it is up to the design and engi-
neering stakeholders to define the performance requirements of
the product. Ideally, it is left to the manufacturer to decide how
to accomplish them.

will have to run through the entire assembly test process
again to ensure complete conformance.

A few assembly notes may be
deemed necessary on an assembly drawing. Adding a simple
note, “Acceptance criteria per IPC-A-610,” says all the right
things to the final inspection department. The pictorial, easy-
to-read specification covers conditions of every basic process
the PCBA will have been exposed to during its journey
through the assembly shop.

IPC-A-610 and the many other specifications utilized to
compare manufactured hardware with conforming or noncon-
forming criteria are invaluable guidelines for final assembly
test technicians to measure how each stakeholder has done
their job. Once all the solder joints and parts are inspected,
and the PCBA has passed burn-in testing, the manufacturing
process is complete, and the PCBA is ready to be shipped.

Within the PCB assembly process or any PCB-
related process, tens of thousands of things can go wrong.
The fully engaged stakeholder knows the processes inside
and out and has learned from each assembly, each cycle, and
has made the required adjustments. So must the PCB design
engineer. Data and documentation created by the PCB design
engineer on the frontend must be clean: garbage in equals
garbage out.

Every topic and character description throughout this
series illustrates a relative interconnectivity between stake-
holder responsibilities and the design manufacturing and
assembly processes. It is the hope of all the contributors of
this series that its message of collaboration, communica-
tion, and understanding will serve the designer well, as they
assume an influential role as the hub of the entire design
and manufacturing process for the PCBA. Learn from your
assembly manufacturing colleagues to incorporate the tan-
gible causes of success into your own PCB design process.

Once all the assembly opera-
tions and processes have been run, verification
must take place for the PCB assembly to be
validated for performance. This is the point
where all the frontend investment of time and
expense to add test points and create fixtures
and software mentioned in our column on
design for test is going to pay off. If everything
has gone according to plan, the PCBAs are
taken from the line and placed into the assem-
bly test fixture. There is a program to check
for continuity between parts to ensure all the
soldering and placement has gone smoothly.
Functionality checks will supply power to light
LEDs and run displays. The test engineers have
collaborated with the PCB design engineer to
make certain every function of the PCBA is
tested and performs within specifications.

If a problem is found, such as a mislocated

=TT

Versaflow standard nozae drip

Sl <>

Versaflow activated peel-off function

Solder Joinis

| Al

Joint A: thicker fillet

Joint B: thinner fillet defined

part or even an incorrect part, the board can be
set aside for rework. After rework, the board
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FIGURE 2. Example of how the selective solder process works.
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Managing Time Delays

How to calculate trace length from time delay value for high-speed signals.
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TO KEEP A good high-speed signal quality from
driver to receiver on a PCB is not an easy task for
designers. One of the most challenging issues is
managing the propagation delay and relative time
delay mismatches. To manage the time delays, we
need to know how to calculate trace length from
time delay value in order to implement the PCB
trace routing accordingly. Let me take you through
the process.

Calculating signal speed. According to physics,
electromagnetic signals travel in a vacuum or through
the air at the same speed as light, which is:

Ve =3 x 108M/sec = 186,000 miles/sec = 11.8 in/ns

A signal travels on a PCB transmission line at a
slower speed, affected by the dielectric constant (Er)
of the PCB material. The transmission line structure
also affects the signal speed.

There are two general PCB trace structures®:
stripline and microstrip (FIGURE 1).

The formulas for calculating the signal speed on a
PCB are given below:

Ve lj.llu.llu

Signal speed on striplines: Vo finmer) ¥ T ¥ [1a)
Ve LLH i
Signal spaed on microstrips: | A— - Tr'lﬁr: {1h]

where
m Vc is the velocity of light in a vacuum or through
the air
m Er is the dielectric constant of the PCB material
® Er, is the effective dielectric constant for
microstrips; its value lies between 1 and Er and is
approximately given by:

Er~0.64 Er+ 0.36) (1c)

With those formulas, we know the speed of sig-
nals on a PCB is less than the signal speed through

the air. If Er=4 (as with FR-4 material types), then the
speed of signals on a stripline is half that of the speed
through the air; i.e., it is about 6 in/ns.

Calculating propagation delay (tpd). The propaga-
tion delay is the time a signal takes to propagate over
a unit length of the transmission line. Here is how we
can calculate the propagation delay from the trace
length and vice versa:

ta=7 (2]

where
m Vs the signal speed in the transmission line.

In a vacuum or through the air, it equals 85 pico-
seconds/inch (ps/in).

On PCB transmission lines, the propagation delay
is given by:

tpa = 85 VET ps/ininstriplines  (2b)
tpa = 85 [Ererp ps/in in microstrips (2c)

Case Study

To comply with JEDEC specifications, the maxi-
mum skew among all signals shall be less than
+/-2.5% of the clock period driven by the memory
controller. All the signals of SDRAM are directly
or indirectly referenced to the clock.

In the example below, the normal FR-4 mate-
rial with Dk of 4 is used on the PCB with a
differential clock rate of 1.2GHz (i.e., 833ps
clock period).

Question: What is the maximum skew of the trace
length for all the signals?

continued on pg. 46
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FIGURE 1. Sample striplines and microstrips.
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The Digital Route: From EMI to RF
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The latest reports from the local chapters.

second half of the year now, and
we’ve seen a lot of activities within our local Design-
ers Council (DC) Chapters, including a few interna-
tional chapters. It’s great to see and hear about the
continued activities from professional development
to knowledge sharing and networking taking place
at various industry events. Here is a snapshot of
what has taken place so far from several of our
active chapters.

If you are involved in discussions about indus-
try content regarding PCB design, fabrication or
assembly, whether it is in a small or large group,
but you are not part of IPC, then I highly recom-
mend you contact me so I can assist you in joining
the IPC collective. It’s free and well worth it! And
if you are an industry veteran with much experi-
ence, yet not active in IPC, or simply a college
student starting your career, this is a great group
to join and get plugged in. I hope to hear from
those who are not part of IPC, especially within a
DC chapter.

Silicon Valley Chapter

Around 32 people attended our third quarter meet-
ing on Jul. 25. Many thanks to Altium, Ama-
zon, and the guest speakers. To start the meeting,
we were treated to a nice greeting from Umar
Shah and Charles Rusch from Amazon Lab126.
Then we went around the room, and each attendee
introduced themselves. It was nice to put faces
with names. Stephen Golemme followed with a
quick presentation about the IPC-2231 standards
committee. Next, Judy Warner talked about Altium-
Live 2019 and her OnTrack podcast.

The feature presentation by Vincent Himpe of
Tesla was well received and sparked some lively
discussion. His talk, What’s in a Name: Making
Sure There Is No Ambiguity When Exchanging
Data, explored several key items. He touched on
schematic symbols, reference designators, footprints,
net names, component values and file names.

Our next meeting will be Oct. 24 in San Jose.
Zuken will host, and PalPilot will sponsor lunch.

Scott Nuance from Optimum Design Associates
will present Best Practices for RF and Mixed Technol-
ogy PCB Design. I will set up the invitation in a few
weeks, so for now, save the date.

Cascade Chapter (Seattle)

In addition to my role as the Cascade Chapter presi-
dent, other board members include Paul Brendt (VP),
Jerome Larez (treasurer), Aubrey Moore (secretary),
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Cherie Litson (education chairperson) and Cory
Grunwald (webmaster).

Held at the Lake Washington Institute of Tech-
nology, we had our first quarter meeting in April.
Aerotek sponsored dinner, and speakers included
Cherie Litson, Tim Mullin, and Jerome Larez. The
roundtable discussion covered three topics: cutting-
edge technologies, IPC standards, and materials
and processes. Held in June, Mentor was the dinner
sponsor for the second quarter meeting, and the guest
speaker was Robert Hanson, who discussed Achiev-
ing Signal Integrity and Meeting EMI Radiation
Requirements.

The speakers and topics are still to be determined,
but our third quarter meeting will be held on Sept.
18, and the fourth quarter meeting will be Dec. 4,
both at the Lake Washington Institute of Technology.
Mark your calendars!

Research Triangle Park (RTP) Chapter

The Research Triangle Park (RTP) Chapter sup-
ports the Raleigh-Durham (NC) area. We held our
first meeting at the end of January, including an
election for the new slate of leaders: myself as pres-
ident, Randy Faucette (VP), Steve Trasatto (trea-
surer), Ian Jackson (secretary), and Lance Olive
(membership). Hosted by Protolabs in Morrisville,
NC, the guest speaker was Eric Utley, applications
engineer at Protolabs, who spoke on 3D Printing:
Beyond Prototyping. The 24 attendees also toured
the Protolabs facility.

Our March meeting included 20 attendees and
was hosted by CertifiGroup in Cary, North Caro-
lina. Josh Hunt, field service manager at Certifi-
Group, addressed Environmental Testing for Reli-
ability of Products and Components. There was also
a site tour of the CertifiGroup facility.

In June, there were 25 attendees. lan Jackson,
the elected secretary, dropped out of office due
to workload issues, and the position is open and
being backfilled by Steve Trasatto, the current
treasurer. Hosted by Ixia, a Keysight Business, in
Morrisville, guest speakers Shruthi Soora and Dr.
Mike Barts from the Wireless Research Center
addressed PCB Antenna Considerations from Con-
cept to Certification.

July and August served as a summer break for
the chapter, and the date and details for the Septem-
ber meeting will be announced soon. In addition,
PCB Carolina 2019 is approaching and will be held
Nov. 13 at the McKimmon Center at North Caroli-
na State University in Raleigh. It’s free to all attend-
ees and includes a keynote and 16 technical sessions.
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San Diego Chapter

Our last meeting was held at the Del Mar Electronics
show with around 35 attendees. Altium paid for every-
body’s lunch. I made my debut as the new chapter presi-
dent since Bob Griffith has retired. I gave a short speech
thanking the community for their support and explained
my objectives to increase membership. John Carney from
Cadence is now the secretary, and Judy Warner from
Altium joins the team as education chair.

Gerry Partida, director of engineering for Summit
Interconnect in Anaheim, spoke on CAD to PCB: Your
Data and What I Actually Do with It. His presentation
provided a great overview in understanding the input
and data review process of your design data in frontend
engineering departments at PCB fabrication companies.
We then had a raffle in which we gave away a bunch of
vendor- and chapter-sponsored items.

Our next meeting will be held at San Diego PCB in
September. Jeffrey Jenkins, PCB chief technologist at L3
Communications, will give a presentation about confor-
mal coating: what it is and why to use it.

Orange County Chapter, CA

We had our latest “lunch ‘n learn” chapter meeting on Jul.
18 at JT Schmid’s Restaurant banquet room in Anaheim.
We had a very well-attended event with 68 designers and
PCB professionals in the audience. The topic was How
Fabrication Processes Determine DFM Guidelines, pre-
sented by Julie Ellis, field applications engineer at TTM
Technologies. She gave a detailed look at fabrication
realities to help designers understand capabilities and
tradeoffs. It was very educational and generated a lot of
questions from the audience.

I wish to thank Altium for sponsoring much of the
lunch cost of the meeting and for providing a three-day
pass to their upcoming AltiumLive event in San Diego as
one of our door prizes. PCB Libraries provided a gener-
ous grand prize for a one-year cloud license of their full-
featured PCB Library Expert Enterprise tool. Mentor and
Freedom CAD Services also donated other raffle prizes.

International Chapters

Our international chapters continue to be very active, two
of which have been showcased in recent columns. Luis
Saracho leads the Monterrey Chapter, and Robert Ivan
Villalba Gonzalez heads the Sonora Chapter.

IPC CID/CID+ Certification Success

We continue to have successful IPC CID and CID+ cer-
tification classes to date, resulting in many new and sea-
soned engineers and designers successfully achieving their
certifications. Congratulations to all who have recently
achieved their new IPC CDI/CDI+ certification! Welcome
to the family!

In the next section, you will find the remaining train-
ing sessions, as well as upcoming PCB design events.
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How to Avoid Getting Totally Skewed, Part Three

Mitigation techniques and costs of designing around glass-weave skew.
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West in September.

Au: This column is a comprehensive follow-on to the July col-
umn introduction on glass-weave skew and the discussion
in August of various mitigation strategies. With some over-
lap, these may be read together or independently.

introduced glass-weave skew causes and
when or why a hardware designer might care. In Part
Two, I discussed various mitigation techniques and
cost. Here, I’ll do a deeper dive into the impact of
glass styles on precipitating or mitigating skew. Part
Four will cover dual-ply and low-Dk glass.

While glass-weave skew (GWS) is a real prob-
lem, it’s hard to characterize because it is statistical
in nature. What is the chance one line in a pair will
see a different dielectric constant than the other? It
depends on the pitch of the lines, the length of the
lines, the laminate composition, and the relative
chance alignment of the glass bundles under the
two lines. Not to say it’s the best way to mitigate
glass-weave skew, but glass-style selection provides
the least expensive way to mitigate the “fiber-weave
effect,” as it’s often called.

Before we go into the pros, cons and
differences between different glass styles as they relate
to glass-weave skew, we need to start with concrete
definitions and specifications that you can hang your
hat on - things that the industry as a whole has
already agreed on.

IPC-4412B, Finished Fabric Woven from “E”
Glass for Printed Boards, lists 86 different glass
styles and their properties. In practice, 've only seen
20 of these in use for laminate-vendor construction
tables and actual circuit boards. The list is shown
in TABLE 1.

The availability column needs to be considered,
to avoid what I call “unicorn constructions.” If a par-
ticular construction isn’t readily available at your pre-
ferred fabricator, and it also happens to be a “2” for
availability in Table 1, there will be lead-time issues.

Not covered in the table or in IPC-4412B are data
in the x-y direction, parallel to the glass, that would
potentially impact glass-weave skew. We’ll discuss
some of these factors below.

TABLE 1.Yarn Counts, Glass Thickness and Relative Availability for 20 of the 86 Glass Styles Listed in IPC-4412B,

Appendix Il
STYLE "FABRIC COUNT WARP X FILL (PER INCH)"
1017 95 x 95
1015 96 x 96
1027 75x 75
1035 66 x 68
1037 70X 73
106 56 x 56
1067 70X 70
1078 54 x 54
1065 56 x 56
1080 60 x 47
2113 60 x 56
2112 40 x 39
313 51x30
2313 60 x 64
3313 60 x 62
2116 60 x 58
1504 60 x 50
7628 44 x 31
7629 44 x 34
7652 32x32

Source: IPC-4421B

1 =more available
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"GLASS THICKNESS (MILS) (REFERENCE ONLY)"  AVAILABILITY
0.53 2
0.59 2
0.75 2
1.1 2
1.1 2
13 1
14 2
17 1
2.1 2
2.1 1
3.1 1
3.2 2
3.2 2
33 1
33 1
37 1
49 1
6.8 1
7.1 1
8.7 2
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MATERIAL MATTERS
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FIGURE 1. Standard glass is shown on the left, with a relatively round yarn cross-section, while mechanically-spread glass — the

result of pressure from water jets, typically — is shown on the right.

Preventing glass-weave skew. Last month, in Part 2 of this
series, I outlined a list of skew-control techniques, roughly
ranked in ascending order of cost in manufacturing:
1. Choose a glass style that minimizes resin windows.
2. Choose a glass style with a “square weave” (equal number
of yarn strands in the weave and fill directions).
3. Route each member of the pair at the same pitch as the
glass fibers.
. Align trace direction to the fill/weft.
. Use mechanically spread glass.
. Dual-ply glass
Half weave pitch jog — halfway down the trace
. Zigzag routing of differential pairs at a 10° angle to the weave
. Build each PCB with the artwork rotated at a 10° angle to
the panel and weave.
10.Use glass with a lower dielectric constant (closer to the
resin Dk).
Numbers 1, 2, 3 and 5 will be discussed in more detail here.

L NN L

Spread, mechanically spread, or flat? “Spread” glass or
“flat” glass are common means of mitigating glass-weave
skew. Mechanically spreading or flattening the glass fabric
provides several benefits:

m Initially, “flat” glass emerged as a methodology for
improving the uniformity of the laser-drilling process.

m Flattened glass also helps mitigate glass-weave skew.

m Improved resin distribution.

Some vendors say spread vs. flat glasses are different,
but there’s no consensus on what the differences are. In
both cases, glass fabric is pressed in the z direction, either
with water jets or rollers.

While it’s been discussed at length, IPC does not have an
agreed-upon definition of what we refer to as “spread” glass, one
of the means for mitigating glass-weave skew that we’ll address
in more detail below. Isola has one definition; Nanya has anoth-
er; and Nittobo, Asahi or Taiwan Glass have their own as well.

Methods for Characterizing Glass Fabric

Two methods for gauging or quantifying the relative perfor-
mance of various glass fabric constructions as it relates to
glass-weave skew have been proposed to the IPC-4412 task
group. Glass manufacturers and committee members are split
roughly 50/50 on the two methods.

Air permeability. The ASTM 737-96 test method covers
the measurement of the air permeability of textile fabrics,

TABLE 2. Air Permeability and Glass Coverage Test Results for Glasses from Nan Ya Plastics

1015 106 1027 1037 1080
Air Permeability 126 113 100 78.1 57.1
% Coverage 89% 93% 92% 95% 95%

1067 2112 1078 1086 2116 2113 3313
52.4 39.1 38.1 31.8 238 232 19.2
96% 97% 98% 98% 97% 98% 98%
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FIGURE 2. Optical measurement images are used to determine glass coverage
percentage (green) vs. resin coverage (yellow).

the rate of airflow passing perpen-
dicularly through a known area under
a prescribed air pressure differential
between the two surfaces of a material.
This test is used for woven fabrics and
airbag fabrics, for example. Results are
generally expressed in SI units as cm3/s/
cm? and in inch-pound units as ft¥/
min/ft?2. Lower air permeability results
signify more fabric coverage (high Dk)
and smaller air gaps (lower Dk “resin
windows”). The best glass styles for
mitigating glass-weave skew are those
with the lowest air permeability.

TABLE 2 shows air permeability test
results for Nan Ya glass, the market-
share leader in electrical-grade glass
fabric that’s used by many copper-clad
laminate manufacturers in Asia, along
with glass-coverage area, discussed in
more detail below. (Note: All Nan Ya
glass is mechanically spread.)

Optical measurement of % cover-
age. This method employs an optical
microscope, digital camera and digital-
image analysis software to assess the
glass-coverage area versus the air gap
area. Results are usually reported as
percentages.

FIGURE 2 shows how optical-mea-
surement images are used to determine
glass-coverage percentage (green) vs.
resin coverage (yellow). Ideally, for
mitigating glass-weave skew, we would
want the glass coverage percentage

PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

(green) to be as high as possible. Some
will say the smaller resin windows are
a problem for proper resin encapsula-
tion, and that’s a legitimate concern,
but modern laminates and high-layer-
count circuit-board fabricators have
learned to work around narrower res-
in-flow paths. Higher glass coverage
means there’s a higher probability two
halves of a differential pair will “see”
the same or similar Dk environment
along the signal paths, all other things
being equal.

Horizontal and vertical lines in the
image emphasize that glass yarn wan-
ders a bit in practice.

The graph in FIGURE 3 correlates
these two measures by glass style,
incorporating the results of Table 2.
The vertical axis is air permeability,
and the horizontal axis represents glass
coverage (%). Glass styles that would
be better for glass-weave skew mitiga-
tion are shown to the bottom right.
These constructions have low air per-
meability values and relatively smaller
resin windows.

A couple of things are important
to note here. First, these results are for
single-ply glass constructions. While
dual-ply glass costs a bit more than
single-ply glass for the same dielectric
thickness, dual-ply glass — or more
generally, multi-ply glass — turns out
to be an extremely effective way to
mitigate glass-weave skew. Second, it’s

important when looking at the graph
to compare single-ply glass styles that
tend to be used for the same dielectric
thicknesses. In this respect, 106 glass
should be compared to 1067 glass,
rather than 2116 or 3313 glass, for
example. Groupings by core thick-
ness are shown in yellow in Figure 3.
According to these data, thicker single-
ply glasses are consistently better than
thinner single-ply glasses.

For similar core thicknesses, you
can see 1067 glass is better than 106
for a 2.0-mil core. For a 2.5-mil core,
1078 glass is better than 1080. For 3
mil cores, 1086 would be considerably
better than 1080. For 3.5 to 5.0 mil
cores, there’s a good bit of consistency
between 2116, 2113, 1078, 1086, and
3313 single-ply glass styles. We can’t
say for sure these relationships hold for
other glass manufacturers, but it’s an
interesting starting point for follow-on
analysis and comparisons and for mak-
ing initial tradeoffs while performing
stackup design.

Square weaves. Some designers
and PCB fabricators prefer “square
weaves” the alternative. A
weave is informally classified as being
“square” when it has an equal yarn
count in the warp and fill directions.
(See Table 1.) The concept is tied to the
fact that square weaves have the same
pitch in both directions as well. For this
reason, if the design team is interested
in matching the differential pair pitch
to the glass pitch, it’s possible to do so
without worrying about how the board
is oriented (“laid up”) on the manu-
facturing panel. (See Part 2 for more
details on panelization.)

over

Conclusion. It gets more complicat-
ed when laminate manufacturers get
glass from different sources, as many
do. Who’s tracking where the glass
came from, as well as the glass charac-
teristics in the x-y direction? At what
frequency should you care? (See Table
1.) This is something I’ll expand on in
a later column.

Here, we addressed glass-based
mitigation techniques (i.e., 1, 2, and
5 from my list of 10 mitigation strate-
gies), but there’s more to cover, includ-
ing dual- or multi-ply glass, low-Dk
glass, techniques in combination, and
expanding on some of the different

SEPTEMBER 2019



¢

Connecting Global Competence

November 12-15, 2019

Accelerating Innovation

T
SEMICON’ v, productronica 2019
EUROPA <

World's Leading Trade Fair for Electronics

/> semr Development and Production
November 12-15, 2019, Messe Minchen
co-located event productronica.com




Pulsonix PCB Design Software
PCB design done right

Advanced PCB Design Features
+ Intuitive placement and routing
« Dynamic copper pour
« Full rules engine for automatic DRC
+ High-speed design rules
+ Heads-up display length matching
« Flexi-rigid, embedded components,
and chip-on-board
» Revision control and PLM integration

Maximum Productivity in Minimal Time
With a modern, easy-to-use interface and
advanced capabilities to automate your
layout process, Pulsonix can be the key to a
critical reduction in your design time.
That’s PCB design done right!

Try Pulsonix yourself at pulsonix.com/trial

PULSONIX
N

offerings from various laminate vendors. These will be cov-
ered in Part 4 of this series, where we’ll hopefully tie this
all together.

I’m interested in hearing comments if this article rang
a bell, or download the evaluation software that includes a
tutorial for mitigating glass-weave skew from z-zero.com.
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FIGURE 3. Air permeability and glass coverage test results for single-ply glasses from NanYa Plastics.
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Modern 3D Design and View
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thing of the past with Pulsonix 3D PCB
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FIGURE 4. Differential-impedance targets were achieved while matching differential pitch to the adjacent glass-fill pitch. (Shown
with Z-zero Z-planner.)
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Will Self-Driving Vehicles Sharpen Our Focus on Reliability?
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The nature of ADAS could revive CAF fears.

column, I enthused about the
prospects for 5G to transform lives for the better,
supporting new services that take advantage of
ultra-reliable low-latency communication (URLLC)
and capacity for massive machine-type communica-
tions, or mMTC. One place the impact of 5G will
be felt is on the road, where machines will assume
the entire decision-making from humans.

Leveraging 5G’s guaranteed latency below 1ms
for effective real-time performance, the prospects for
mission-critical V2X vehicle-to-everything commu-
nication can become real. Vehicle-to-infrastructure
interactions with smart signs should result in smooth-
er, safer journeys, and vehicle-to-vehicle connections
that share information about presence and position
should avert huge numbers of “sorry, I didn’t see
you” accidents. Of course, it will take time for smart
infrastructure to evolve and for V2X-equipped cars to
enter the market. But it’s quite clear, even now, that
cars are destined no longer to be islands. Ultimately,
it’s a matter of when, not if, our road journeys come
to be handled by fully self-driving vehicles.

There are still many technical hurdles to over-
come, as well as legal issues, not to mention cultural
obstacles. On the other hand, we can gain tremen-
dous benefits by separating the privilege of personal
mobility from the burden of car ownership. Cost-
effective services delivered on a pay-per-use basis can
extend access to groups excluded by current models
based on vehicle ownership, such as those on low
incomes or allowing the elderly to lead independent
and active lifestyles into later stages of life than ever
before. As we age, I suspect that more of us will tune
into the benefits of being able to summon a self-driv-
ing vehicle whenever we need, be it to get somewhere
or just for a change of scenery.

Parking is another problem that will become much
easier to deal with. Self-driving cars will move from
one job to the next, no stopping or waiting. Towns
will no longer need to devote precious real estate to
vast parking areas or commit resources to collecting
payments and monitoring proper usage. Homeowners
could utilize driveway and garage space for other pur-
poses. We can all enjoy the prospect of residential
streets no longer lined by parked cars.

This all has implications for the self-driving vehicles
themselves. They obviously need to become far more
intelligent, and nonstop motion will place a much
greater load on components and systems than most con-
ventional privately-owned vehicles would experience,
resulting in faster wear-out and shorter lifetime.

We will also need to consider how to maintain
them during their operational life. These “servers on
wheels” will quickly become outdated, embodying

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

standards that will become eclipsed and obsolete in a
short timeframe after manufacture. Ensuring compat-
ibility between infrastructure upgrades and multiple
generations of vehicles could be a challenge. Together,
compatibility issues and high duty cycles may require
important on-board electronic equipment — particu-
larly modules associated with machine vision and off-
vehicle communications - to be renewed and upgraded
at specific intervals, much like consumable items such
as tires or engine drivebelts are today. On the other
hand, cars may simply become consumables to be dis-
carded in favor of a new and more up-to-date model,
just as we now move easily from one mobile phone to
the next at the end of each contract.

Either way, the primary onboard systems and
safety systems must operate continuously and must
be 100% reliable. Reliability is a multifaceted issue
in such a complex interconnected environment com-
prising vehicles’ on-board systems, cellular networks,
data-center servers, and more. On-board the vehicle,
high operating temperatures, frequent temperature
cycling, shock and vibration, and electromigration
are all issues that challenge reliability. As these
systems become increasingly mission-critical, elec-
tronic manufacturers and materials suppliers need to
understand the various deterioration mechanisms and
effective techniques for dealing with them.

At the substrate level, where I feel most qualified
to comment, conductive anodic filament (CAF) for-
mation is a key factor in the degradation of the PCBs
that provide the underpinnings for every vehicle’s
on-board systems. The ingredients for CAF include
the presence of charge carriers, voltage bias and mois-
ture; a recipe we can guarantee in any automotive
operating environment. Initially aided by degrada-
tion of the dielectric over time, due to the presence
of impurities in the material, electrochemical action
drives ion migration that eventually causes short cir-
cuits, leading to electrical failure.

Mitigating the risk of CAF requires controls at all
stages of manufacture. Ventec has developed optimized
treating processes to ensure complete wetting of the
glass fabric with the resin to ensure an optimum chemi-
cal bond. Current research is targeting CAF-formation
resistance of low-loss materials for automotive use at
high data rates. Industry bodies are also active; the
High-Density Packaging User Group (HDPUG) is mov-
ing to increase industry understanding of the issue and
suggest processes and practices to mitigate the risks.

Material suppliers should support initiatives such
as these and take part in industry testing programs,
compare products with those of peers, and work with
OEMs to develop effective countermeasures and posi-
tion new products properly in the market.
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NTI-100

5G BUILD-OUT will Speed PCB

Fabricators’ Gains

After years of taking a backseat to mobile device fabs, multilayer
manufacturers stand to reap the rewards. by DR. HAYAO NAKAHARA

There is an ongoing changing of the guard when it comes
to drivers of the PCB industry. Mobile and PC-related
end-products are slowly giving way to the emerging 5G
infrastructure. This swing is just beginning to impact the
NTI-100 list of the world’s largest fabricators, but it’s
only one of the new trends seen as we collected and ana-
lyzed this year’s data. Another interesting development: A
pair of fabricators from the US and Europe have come to
dominate their respective “home” regions.

This year’s NTI-100 report is the 22" in the “top
fabricator” series since the author started in 1998. (The
“100” refers not to the number of companies ranked
but rather the entities with $100 million or more in PCB
revenue in the last calendar year.) As more Chi-
nese PCB fabricators achieve sales revenues of
$100 million or more, many privately owned, it

Assumptions

1. It is very difficult to prorate portions of revenues of
acquired fabricators and incorporate those portions
into the revenues of the acquirer. So, regardless of the
purchase or merger date, all transactions are assumed
to have taken place Jan. 1. A good example is the case
of MFlex, owned by DongShan Precision of China,
which bought Multek on Dec. 1, 2018. The full-year
revenue of Multek is added to MFlex’s totals, despite
the acquisition late in the year.

. The PCB business of some fabricators belonging to
larger, diversified companies is not reported sepa-

[\

rately; for example, Sanmina. Publicly held Japanese

TABLE 1. Average Exchange Rates Used to Convert Local Currencies to USD

is becoming extremely difficult to get accurate CURRENCY 2014 2015 2016 2017 2018
data. Without the help of CPCA, this work would )
. . > . Ch RMB 6.158 6.284 6.634 6.758 6.616
have been impossible. The author would like to ina yuan (RMB)
express his gratitude to Angela Chen of CPCA, Japan yen 105.86 121.06 107.84 112.93 110.44
who collected valuable data. Although the data Taiwan NTD 31.855 31777 32.25 30.44 30.16
have some flaws, they are no fault of CPCA. . Korea won 105358 113233 116080  1,13059 11008
Some fabricators may have been missed, and 0 b 32482 34253 365290  33.92 3232
others should not be on the list. There are more .
than 2,400 PCB fabricators in the world, half in Singapore dollar 1276 1.375 1.440 1.334 1.349
China, and many Chinese fabricators are elusive Malaysia ringgit 3.270 4.120 4.100 4.32 4,035
and hard to get data from. Nevertheless, as usual,  vigtnam dong 2113707 2192068 2276300 2272103  23,001.08
any errors are strictly the responsibility of the g L o0 s msn maw soa 52.7
author. His confidence level in the data’s accuracy
continues to decline every year, and if we were Indonesia rupiah 12,671.31  13,749.27  13,320.00  13,440.00  14,236.00
to put a number on it, it may now be 95%. He Canada dollar 1.104 1.279 0.997 1.297 1.296
asks readers to be open-minded and tolerant of India rupee 61.007 64.235 67.800 64.87 68.43
any errors. .
M 13.306 15.792 19.05 18.95 19.00
Exchangerate.com shows 268 days of eX|.co peso
exchange rates for each currency (excluding Russia ruble 38.512 61.195 57.4 58.31 62.78
Saturdays and Sundays). The author added Swiss franc 0.915 0.962 0.997 0.98 1.022
exchange ra;es of 268 days and divide;i1 by 268 to UK pound 0.606 0.655 074031 0.81 075
in th t
obtain the above average currency exchange rates Euro 0754 0.902 0.904 0,886 0844

(TABLE 1).

Source: Exchangerates.com
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NTI-100

fabricators report
PCB revenues sepa-
rately, with
exceptions:

two
Kyo-
cera and Murata.
The author could
not get separate
PCB revenues from
Kyocera or Mura-
Thus, the cal-
culated estimates of
the PCB revenues of
these fabricators are
based on the data
he could obtain.

ta.

3. Many PCB fab-
ricators are now
engaged in assem-
bly as well. Separat-
ing the bare-board
portion from the
total will inevitably
introduce errors. As
in the past few NTI-
100 reports, the author chose not
to separate assembly values (com-
ponents and labor costs), although
estimates could be made. All flex-
ible printed circuits (FPCs) deliv-
ered to Apple are assembled by
the respective fabricators prior to
delivery. The bare board value
of “assembled FPCs” is said to
be about 40 to 60% of the total.
However, more than 20 FPCs and

2008

4. Some PCB fabricators’

. Shiprments

D rdars

|

2009 210 2011 Filp 2013

rigid-flex boards are used in the
iPhone X, and the bare board val-
ues depend on which models FPC
fabricators supply to Apple (ZDT,
Flexium, Career, Nippon Mek-
tron, Fujikura, Sumitomo Denko,
SEMCO, BH Flex, etc.). The bare
board values of these fabricators’
revenues may be only 50% of the
total shown.

revenues
include subcontracted or brokered

$M (statistical sample of about 50% of producers)

2018/2017 Rigid & Flex PCB
Shipments +8.3%, Orders +4.5%

|

2014

14 FA0A (4 B0 4 7100 471001 471101 4/ 7101 4 7101 (4 7101 4|7101 /4|7 101 4|7 101

215 2016 2T 2018 2019

Note: IPC survey captures "market”™ not domestic production. About 15% of the above
represents imported boards resold by N American PCB producers in survey.

FIGURE 1. North American rigid and flexible PCB shipments and orders. (Source: Custer Consulting)

board sales (i.e., purchases for
resale). Here again, it is impossible
to know the accurate resale values
for all the PCB fabricators on the
list. Therefore, it is assumed the
list includes an undisclosed per-
centage of resale revenues.

In defense of the work and inher-

ent uncertainty, the author advises
readers to be content with this work
and view the list only as a reference.
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FIGURE 2. Japan monthly PCB production value. (Source: CPCA summary based on JPCA data)
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Analysis

The number of entries (fabrica-
tors with revenue >$100 million)
increased to 117 in 2018 from 115
in 2017 (TABLE 2). However, several
fabricators “disappeared” last year
because they were purchased and are
included here with their new owners.
Multek is under MFlex. Elna is under
HannStar Board. (The actual owner
is GBM, a sister company of Hann-
Star Board, both belonging to PSA/
Passive Systems Alliance.) Eastern is
now part of South Korean fabrica-
tor Simmtech. NBC should not have
been included last year; its entire
revenue was counted as PCB-related,
when in fact PCB makes up just 60%
of overall sales.

Taiwan is the king of PCBs.
China continues growing, and Japan
continues to slip, despite an increase
in its total revenue. The growth of
Taiwan and China, respectively, is
faster than that of Japan (TABLE 3).

Taiwan gained one entry from
2017. China gained three. Japan lost
three. (Mitsubishi Gas Chemical/Tai-
hong Circuit Industry is now under
Taiwan.) There were no changes to
South Korea and the US. Europe
gained one, and the S.E.A. also
gained one. QDOS finally made it!

Revenues of top Japanese and
South Korean fabricators lost a
few percentage points, but all other
regions gained (TABLE 4). The top
117 fabricators grew 6.5% from
2017 to 2018, in line with the world
PCB output in 2018. (Worldwide
growth was 5.6%.) Larger fabrica-
tors’ growth was larger by about 1%.

Japan’s decline is due mainly to
weaker sales to Apple by Nippon
Mektron and Sumitomo Denko, off-
set in part by strong gains by CMK
and Meiko in automotive PCBs.
South Korea’s drop is due to Inter-
flex’s loss of Apple business (under
Young Poong Group). Apple is prob-
lematic for PCB fabricators, despite
its huge PCB purchases. Taiwan’s
Career Tech had problems with
Apple as well.

An interesting observation can
be made about North America (read:
US and Canada) and Europe. The
total North American output in 2018
is estimated at about $5.2 billion,
a figure that includes the overseas

SEPTEMBER 2019

output of roughly $2 billion by TTM
Technologies, Sanmina and Amphe-
nol, with no more contributions from
MFlex and Multek. Thus, TTM’s
revenue accounts for 55% of all
North American fabricators’ output.

AT&S’s China output from
two facilities (Shanghai and
Chongqing) was $1 billion. Its
Indian and South Korean output

NTI-100

is an estimated $120 million. So,
including its overseas output, the
total AT&S output accounts for 36%
of the total Europe-based fabrica-
tors’ output (=$3.4 billion, domestic
and overseas) (TABLE 5).

The aggregate Top 117 output
($62 billion) accounts for 83% of the
global output ($74.5 billion) in 2018.
It has been said that, in general,
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TABLE 2. NTI-100 World Top PCB Fabricators by Revenue, 2018

RANK
1

W 0 N oo o B W N

COMPANY

ZD Tech*

TTM Technologies
Nippon Mektron*
Unimicron

Tripod

Mflex (DSBJ)*
Compeq
HannStar
Samsung E-M

KB Chem. PCB Group
AT&S

Young Poong Group*
Fujikura*
Shennan Circuit
Meiko

Ibiden

Wous Group
Nanya PCB
Simmtech
Flexium*
Daeduck Group
Sumitomo Denko*
CMK

LG Innotek
Kinsus

TPT.

Kinwong

BH Flex*

Gold Circuit
Shinko Denki
Chin Poon
Unitech

Murata*
Shenzhen Suntak
Kyocera PCB
Shenzhen Fast Print
Career*

Victory Giant

SI Flex*
Isu-Petasys
Ellington

Dynamic

KCE Electronics
Kyoden

Wuzhou

Founder Tech.

NATIONALITY
Taiwan
us
Japan
Taiwan
Taiwan
China
Taiwan
Taiwan
S. Korea
China
Austria
S. Korea
Japan
China
Japan
Japan
Taiwan
Taiwan
S. Korea
Taiwan
S. Korea
Japan
Japan
S. Korea
Taiwan
Taiwan
China

S. Korea
Taiwan
Japan
Taiwan
Taiwan
Japan
China
Japan
China
Taiwan
China

S. Korea
S. Korea
China
Taiwan
Thailand
Japan
China
China

2017
3,608
2,659
3,283
2,155
1,519
966
1,789
1,314
1,219
1,040
1,175
1,746
1,138
860
986
1,051
880
883
738
857
858
908
789
789
740
746
665
628
637
708
788
602
450
467
540
497
429
369
528
483
496
385
426
398
336
389
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2018
3,929
2,847
2,704
2,513
1,728
1,725
1,685
1,435
1,348
1,237
1,218
1,217
1,155
1,152
1,081
1,054
1,016
956
916
888
885
820
820
807
187
765
755
698
683
683
670
648
600
553
545
525
515
501
500
497
489
432
418
401
386
383

GROWTH
8.9%
1.1%
-17.6%
16.6%
13.8%
78.6%
-5.8%
9.2%
5.4%
18.9%
3.6%
-30.3%
1.5%
40%
9.6%
0.3%
15.4%
8.3%
24.1%
3.6%
3.1%
-9.7%
3.9%
2.3%
6.3%
2.5%
13.5%
11.1%
6.8%
-3.5%
-15%
1.6%
33.3%
18.4%
9%
5.6%
20%
35.8%
-5.3%
2.9%
-1.4%
12.2%
-1.9%
0.7%
14.9%
-1.5%

RANK
47
18
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

COMPANY
Hitachi Chemical
CCTC

APEX

Nitto Denko*
Xiamen Hongxin
Aoshikan

Gul Technologies
Olympic

DG Shengyi Electronics
Guangdong Xinda
Sanmina

APCB

Bomin

Redboard

DAP

CEE PCB

ASE

Shirai Denshi

Sun & Lynn
Boardtek

AbonMax (Palwonn)
BYD

Ichia*

MFS*

Fujitsu

Guangdong Chaohua
Kunshan Huaxing
SDG Precision Tech.
SEMCO

Kyosha

Somacis

Delton

AKM*

Onpress

KSG

Lead-Tech

Liang Dar
Circuitronix

Ji'An Mankun
Zhuhai Kingsun PCB
Shenzhen Sunshine
Guangzhou Kingshine
GZ Junya (Champion Asia)
Guangzhou GCI
Daisho Denshi
Wiirth Elektronik

NATIONALITY
Japan
China
Taiwan
Japan
China
China
Singapore
China
China
China
us
Taiwan
China
China
S. Korea
China
Taiwan
Japan
China
Taiwan
Taiwan
China
Taiwan
Singapore
Japan
China
China
China
S. Korea
Japan
Italy
China
China
China
Germany
China
Taiwan
China
China
China
China
China
China
China
Japan

Germany

2017
381
349
345
382
224
263
260
285
285
306
330
290
266
283
269
163
280
259
244
227
230
167
238
186
226
218
202
17
199
193
181
155
170
171
154
146
175
175
154
124
160
m
149
148
164
158

2018
375
372
370
362
34
338
338
330
320
300
300
296
295
293
290
263
260
260
260
252
250
250
240
238
230
210
204
201
200
191
187
185
185
182
182
181
180
180
180
173
m
m
169
168
166
166

CHANGE
-1.6%
6.6%
1.2%
-5.2%
40%
28.5%
30%
15.8%
12.3%
-2%
-9.1%
2.1%
10.9%
3.5%
7.8%
61.3%
-1.1%
0%
6.6%
1%
8.7%
49.7%
0.8%
28%
1.3%
-3.7%
1%
71.8%
0%
-1%
3.3%
19.3%
8.8%
2.8%
5.2%
21%
2.8%
2.8%
3.9%
39.4%
6.9%
0%
13.4%
13.5%
1.2%
5.1%
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TABLE 2. NTI-100 World Top PCB Fabricators by Revenue, 2018 (cont.)

RANK  COMPANY NATIONALITY 2017 2018 GROWTH RANK  COMPANY NATIONALITY 2017 2018 GROWTH
93 0KI PCB Group Japan 150 164 9.3% 113 Benlinda PCB China 94 104 8.5%
94 New Flex* S. Korea 137 164 19.7% 114 Dongguang Honyuen China 91 103 13.2%
95 3Win Group China 150 160 6.7% 115 HT (HeTon) Electronics China 105 103 -1.9%
96 Huading Group China 149 154 3.3% 116 QaD0S* Malaysia 90 103 14.4%
97 Schweizer Germany 138 148 7.2% 17 Brain Power Taiwan 112 101 -9.8%
98 Changzhou Haihong China 144 145 0% Top 117 Total 58266 62,061 6.5%
99 SZ Jove Enterprise China 138 144 4.3% In USS millions. Source: N.T. Information Ltd.

100  Hyunwoo S. Korea 125 14 12.8% “Major products are FPC

101 Jiangsu Suhan China 131 141 7.6%

B | o) 8 ol 15 D L I 20% of the companies in an industry account for 80% of
103 Mutual Tech Taiwan 104 139 336% the sales. Considering approximately 2,400 fabricators
104  Kunshan Wanzhen PCB  China 135 137 1.5% operate globally, 117 fabricators constitute less than 5%
105  Plotech Taiwan 128 133 3.9% of the total. So, for the PCB industry, 5% of the fabrica-

tors are responsible for 80% of the output.

106 Yamamoto Mrg. Japan 143 125 mleok The “domestic” PCB production of once-mighty North
107 Netron Soft Tech* China 123 122 0% America, Japan and Europe has now sunk to the bottom.
108  Kunshan Hua Zhu China 119 119 0% Their growth comes from overseas plants. The US-China
109 Zhuhai Topsun Elec. China 116 116 0% trade war will not affect this pattern insofar as PCB produc-
_ _ tion is concerned. No idiots will bring their overseas PCB
U P A Gl o 1 Lo production back home, at least in this author’s lifetime.
111 HT Circuits China 112 110 -1.8% Japan’s investment in China is finished, and its expan-
112 CHPT (¥ X5 3) China 103 109 5.8% sion in Thailand is dormant, except at CMK Thailand.

See us at SMTAI Booth # 410
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TABLE 3. Summary of NTI-100 2018 by Region

REGION  NUMBER TOP MAKER 2018/2017 2018
OF ENTRIES OUTPUT SHARE
2017 2018 2017 2018 Growth
Taiwan 25 26 19,564 20,980  7.23% 33.8%
China 46 49 12,907 15418  19.33% 24.8%
Japan 21 18 12149 11,736  -34% 18.9%
S.Korea 12 12 1,779 1,663 -1.5% 12.3%
us 4 4 3,119 3,287 3.1% 5.3%
Europe 4 5 1,806 1,901 5.3% 3.1%
S.EA. 3 4 962 1,097 14% 1.8%
Total 115 118 58,286 62,082 6.5% 100%

In US$ million. Source: N.T. Information Ltd.

Investment is now concentrated in Vietnam. However,
Ibiden and Shinko Electric are investing more than $1
billion combined to cope with demand for high-end chip
substrates from Intel, their collective customer which is
expanding dramatically in Oregon and Israel. This may
change Japan’s domestic picture in a few years.

European PCB fabricators do invest a few dollars, not
for capacity expansion but more for accommodating new
technologies.

A similar phenomenon is taking place in South Korea,
and to a lesser degree, Taiwan. (Sixty percent of Taiwan’s
PCB production is made in China, 5% in Thailand, and

TABLE 4. World PCB Production by Region*

REGION 2017 2018 YOY 2019F  YOY
America 3,037 3,158 4.0% 3,174 0.5%
Germany 960 994 3.5% 939 -6%
Other Europe 1,385 1,257 1.2% 1,270 1%
Africa & Middle East 142 143 0.0% 145 1.4%
WEST TOTAL 5,524 5,552 31% 5,528 0.4%
China 37,200 40510 8.9% 39,880 -1.5%
Taiwan 7,685 1,780 1.2% 7,690 -1.2%
S. Korea 7,215 7,515 4.1% 1214 -4%
Japan 5,625 5,654 0.5% 5,796 -1.2%
Thailand 2,980 3,132 5.1% 3,160 0.9%
Vietnam 2,620 2,704 3.2% 2,905 37%
Other Asia 1,738 1,668 -4.0% 1,700 1.9%
ASIA TOTAL 65063 68963 6.0% 68,345  -0.9%
WORLD TOTAL 70587 74515 5.6% 713873  -0.9%

In US$ million. Source: N.T. Information Ltd.

* Production includes assembly operations, particuarly FPC.

35% in Taiwan). As Samsung Electronics continues to
shift smartphone production to Vietnam, many South
Korean FPC fabricators followed the OEM to the Hanoi
area: 10 so far, with more to follow.

New Large Investment Areas Ald
In the last ten years

40

North of Yangtze R_werLZDT ’\Iﬂe\ ‘:-E{ Unitech, %ch\\eizel Bﬂunn“én._l -" :'. -
Wuban area (Meikeo, Wus, Uninicron, Dyvnanuc, StaRiver, Lead- Te-ch. Tnpcrd.fﬂ-ﬂ&"-_- -
Jiangxi & Hunan (Kiiwoug: Red board: Wuzhou, ASK PCB, mef; Weiiitt e
C Emng;qmg & rhengduHTMv £ m:q:eq medfr GEhL‘ ‘I"'P'I Ew,lx-.i,fs': i {

T \ e

o we Mrm e

T o S -mhmliuann'}'{t:

mewae My Sale. ool

1€ hunm[n g &
f'("lum a1 Ehrﬁ,\t S.,Htﬂ:l:ul

""" ey g A
me?me--,w;- _,-t___‘. _
T A - Shen dien

e
[ =

e T i

L .

=

h

& Shanghai

(N.I. Informarion Ltd)

FIGURE 3. PCB fabricator investments in China in past decade.
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The author visits China three to four times
a year and makes plant tours of about 60 PCB
fabricators, Chinese and foreign. Some of their
new plants and expansions are huge! So many
new plants have been constructed in the past few
years, and expansion continues, albeit more cau-
tiously since the start of the US-China trade war.
The author is aware of at least 35 to 40 gigantic
new plants that are under construction in China.

Waste regulations are getting tougher in
China, particularly “PCB-infested” areas such as
Shenzhen and Shanghai Belt. Fabricators that can-
not meet government regulations in these areas go
out of business. Those that have resources to build
new plants choose north of Yangtze River (Nan-
tong, Yancheng, etc.), Hubei province (Huangshi
in particular), Jiangxi province (the favorite place
for Shenzhen-based fabricators because of its
proximity to Shenzhen), and Zhuhai (FIGURE 3).

In a few years, when all these investments start
producing PCBs, the Chinese output may account
for more than 70% of the global production,
including foreign transplants, mostly Taiwanese.
More Chinese fabricators will occupy higher
positions on the NTI-100 list, and more Chinese
fabricators will achieve revenues >$100 million
per year.

The author is tiring of this

NTI-100

TABLE 5. Europe PCB Output, 2012-18

2012 2013 2014 2015 2016 2017 2018
Revenues*  1.846 1.807 1.831 1.815 1.747 1.833 1.921
Staff 16.935 16.546  16.432  16.491 15.902  16.015 16.587
*In euros millions Source: Data4PCB/Michael Gasch
G
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FIGURE 4. Automotive electronics cost as a percentage of total car cost
worldwide, 1950 to 2030.

work because it is getting harder

to collect data, but he hopes to
continue this project to see how
Chinese PCB fabricators will grow.
In the 2019~20 period, high-
layer count MLB fabricators will
gain, thanks to 5G communication
infrastructure installations. 2019
is considered a starting point for
5G, and as we enter 2020, demand
for base stations, routers, servers,
antennas and other equipment will
increase. PCB fabricators that can
supply to such demands in volume
will grow by leaps and bounds.
Automotive unit shipments
experienced a hiccup in 2018, and
at this moment 2019 does not seem
to have brought much improve-
ment. EV shipments are growing at
50% annually, but its share of the
total shipment of 95 million to 96
million cars per year expected in
2019 is still less than 3%. “Semi”
autonomous cars will start showing
up on public roads in 2020, not for
testing but for carrying passengers.
(We say “semi” because the level
of autonomy will be level 3 or 4, at -
best.) It will take a few more years

cars without steering, brakes and
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accelerator pedals (level 5) running on
the roads. But, the electronic content
of the car is expected to increase con-
tinuously (FIGURE 4). Therefore, auto-
motive PCB fabricators will perform
better, despite eroding selling prices
of PCBs for automotive applications.
Japanese and Taiwanese fabricators
dominate automotive PCB production
(TABLE 6).

High-layer count MLB
FABRICATORS WILL
MAKE GAINS, THANKS
TO 5G INFRASTRUCTURE
INSTALLATIONS.

PC shipments had a surprise rise
in the second quarter, despite pessi-
mistic forecasts (TABLE 7). According
to the Gartner research firm, OEMs
sought to ship as many units as possible
before higher tariffs were imposed. PC
motherboard suppliers are singing hap-
pier notes at this moment, although
the long-term prospects are still not so
bright (TABLE 8).

In conclusion, this year’s winners
will be those that cater to 5G infra-
structure, automotive electronics, IC
substrates, and, still, smartphones
(absorbing 20+% of all PCBs despite
its slow growth). Gains from other
industries will be infinitesimal. =

DR. HAYAO NAKAHARA is president of N.T.
Information; nakanti@yahoo.com.

TABLE 6. World Top 20 Automotive PCB Fabricators, 2018

RANK  FABRICATOR NATIONALITY  TOTAL REVENUE
1 CMK Corp. Japan 820
2 TTM Technologies us 2,847
3 Nippon Mektron Japan 2,704
4 Meiko Electronics Japan 1,081
5 Chin Poon Industrial Taiwan 670
6 Kingboard Chem GRP  China 1,250
7 Tripod Technology Taiwan 1,728
8 KCE Electronics Thailand 420
9 AT&S Austria 1,218
10 PCA PCB Group Taiwan 1,435
1 Wus Group Taiwan 1,016
12 Unitech PCB Taiwan 648
13 Dynamic Electronics Taiwan 432
14 Unimicron Taiwan 2,513
15 Kinwong China 755
16 Gul Technology Singapore 338
17 Kyoden Japan 401
18 Nanya PCB Taiwan 956
19 CCTC China 368
20 Olympic PCB China 330

Top 20 Total 21,930
In $US millions Source: N.T. Information Ltd., May 2019

*GBM+Elna+HannStar Board, mainly the former two

AUTOMOTIVE PCB

628
572
560
508
470
370
351
335
275
220
200
190
180
170
150
118
116
116
14
m
5,754

TABLE 7. Worldwide Device Shipments by Device Type, 2018-2021

DEVICE TYPE

Traditional PCs (desk-based and notebook)
Ultramobiles (premium)

Total PC market

Ultramobiles (basic and utility)

Computing device market

Mobile phones

Total device market

In millions of units. Source: Gartner

TABLE 8. Top 5 PC Shipment OEMs, Q2 2019

COMPANY 2019 SHIPMENTS
Lenovo 16,254

HP 15,356

Dell 11,606

Acer 4,288

Apple 4,077

Others 13,276

Total 64,858

Source: IDC
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2019 MARKET SHARE 2018 SHIPMENTS
25.1% 13,750

23.7% 14,880

17.9% 11,255

6.6% 4,363

6.3% 3,722

20.5% 13,961

100% 61,931

2018 2019
195,317 189,472
64,471 68,869
259,787 258,341
149,561 147,963
409,348 406,304
1,811,922 1,802,394
2,221,210 2,208,697

2018 MARKET SHARE

22.2%

24%

18.2%

7%

6%

22.5%

100%

2020 2021
182,823 175,058
74,432 79,871
257,255 254,929
145,811 143,707
403,066 398,636
1,824,628 1,798,356
2,227,694 2,196,992
2019/2018 GROWTH
18.2%

3.2%

3.1%

-1.7%

9.6%

-4.9%

4.7%

SEPTEMBER 2019



CIRCUITS ASSEMBILY'S

SERVICE EXCELLENCE

AWARDS

Enter the 2020 Service Excellence Awards today. Deadline to enter is Sept. 13.
https://www.circuitsassembly.com/ca/editorial/service-excellence-award.html




PROTOTRON CIRCUITS

44

PROTOTRON CIRCUITS:

2 Sites, 1 Vision

The West Coast-based fabricator is turning boards up to
30-layers as fast as they get them. by CHELSEY DRYSDALE

Sometimes two are better than one.

Take Prototron Circuits. The 30-plus-years-old board
fabricator operates two factories in the Western US, and
while they are hours apart by air, insofar as how the company
sees them, they might as well be on the same campus.

In May, PCD&F visited the printed circuit board fabricator
at its facility in Redmond, WA. The plant, which doubles as
the company headquarters, is about 1,500 miles northwest of
its other site in Tucson, AZ. But in the minds of the staff, the
two plants act as complementary standalone facilities, serving
thousands of customers each year.

“They do things we don’t do, and we do things they
don’t do,” said Mark Thompson, engineering support, who
gave the factory tour. He and Lee Salazar, Western Wash-
ington sales, answered questions before walking PCD&F
staff through the 25,000 sq. ft. plant. (The Tucson facility is
20,000 square feet.)

Prototron’s origins date to 1987, when it was launched by
a local engineer named Dave Ryder. While sales have grown
organically through the years, the company has also made
timely acquisitions. In 1997, Prototron acquired Cir-Quick
— Ryder’s former employer — giving it its current manufactur-
ing space. Two years later, it bought Tucson-based Southwest

FIGURE 1.The yellow room at Prototron Circuits features
a Maskless Lithography direct imager and Opti-Beam
dry-film exposer.
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Circuits, adding a mil-spec capability and extensive specialty
material expertise to its offerings.

Tucson has 45 staff members and can make aerospace
flight boards, while Redmond has 52 employees and builds
hybrid and high-layer-count boards. Redmond can do
immersion gold/HASL, while Tucson does hard gold for
PCIE connectors. Redmond also builds aerospace engineer-
ing prototypes.

Both plants are ISO certified; Tucson also has AS9100D
registration. Equipment sets are “essentially the same” in
both plants. Redmond can build 3 mil lines/spaces on 0.25
oz. foil, while Tucson can do 4/4.

Smaller Products ...

Prototron says its model relies on keeping up with customer
requests. One such example: via-in-pad, which Prototron fills
with epoxy.

“We train customers to give us the right packages and
ask the right questions,” Thompson noted. “We have a
customer special requirements database for the hot buttons
of each customer.”

That database includes all sorts of unique customer
requirements, from using antistatic bags for shipping to
building to IPC Class 3 performance specifications for
plating only.

According to Thompson, “everything is getting smaller.”
Prototron can mechanically drill holes down to diameters of
0.0059". Laser drilling is outsourced offshore.

The company’s biggest technology concern is “making
sure controlled impedances are correct,” he added.

“They are usually very high: around 4.5. At four or five
mil trace, Dk is considerably lower than what’s on a cus-
tomer’s PDF file,” said Thompson.

They added, “We only do film for solder mask and IDs.
Most shops don’t use phototools anymore.”

Production bottlenecks are typically in plating and
electrical test. It used to be drilling, but investment in new
Schmoll machines ramped drilling speeds five to six times
over the old machines. Prototron also recently added an
epoxy via fill machine.
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Prototron Circuits accepts IPC-
2581 and ODB++ files. It prefers
ODB++ because it “won’t have any
missing netlists.” IPC-2581 “includes
all image formats. Fabricators have
to compare them. ODB++ is a whole
lot easier.”

...and a Shrinking Supply Base
From a business perspective, the seem-
ingly constant shrinking of the num-
ber of suppliers weighs on Prototron.
When asked about the firm’s biggest
business concern, they said the health
of the industry, noting large shops are
“swallowing” smaller ones. Moreover,
the larger fabs aren’t “servicing the
small [OEMs] for prototypes.”

For its part, Prototron sees a busi-
ness opportunity. Prototypes are its
business, and it does “as much as
possible.” It can turn 16-layer boards
in 24 hours, and 30-layer boards in
three days.

In Redmond alone, Prototron has
more than 5,000 customers, and no
single customer makes up more than
10% of its business. Much of its busi-
ness comes from the vibrant EMS
community. (See a related article on
Applied Technical Services, July 2019.)

“We have contracts with all the
local assemblers and contract manu-
facturers,” Thompson said. “We do
everything based on local customer
need, not buzzwords.”

That approach is strained at times.
For instance, when material lead times
get extended, smaller shops like Proto-
tron must plan creatively. Recently, for
instance, a major supplier of specialty
material pushed its lead times to five
weeks. “If a customer has a three-day
turnaround, that’s a problem. This is
pervasive, even for large shops,” the
firm told PCD&F.

Prototron has an extensive CAM
worksheet that inside sales fills out;
these are the instructions for the CAM
operator. There are three dedicated
CAM stations. It uses Frontline Valor
CAM software and Polar SI 8000 soft-
ware. The field solver has hundreds of
different models, including broad-side
structures. Engineers can put in num-
bers for all 26 processes.

The company uses Frontline Gen-
esis 2000 software to create a preview
database and work order number.
Here, it can import files such as
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ODB++. Insight PCB, also from Front-
line, performs pre-CAM functions,
including some design rule checks and
analyses. This process allows sales
to quote properly and saves time,
Thompson said.

CAM operators perform drill
compensations to account for known
loss in the etcher, etch compensa-
tions, and scale factors. “The thinner

PROTOTRON CIRCUITS

the core, the higher the scale factor,”
Thompson said.

The Redmond plant is straight-
forward, with conventional processes
for imaging, develop/etch/strip, and
lamination, drilling, a vertical plating
acid copper bath, and post-etch punch.
Both sites handle a variety of materials,
including polyimide, with Tucson some
aluminum-backed flavors. Prototron

Wherever technology
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PROTOTRON CIRCUITS

handles a “considerable amount” of 2.5 mil cores, which it
processes in 12 x 18" and 18 x 24" panel sizes.

Prototron boasts three types of imaging: an Accuprint
AP30 5000 Power Plus, one of the oldest machines on the
floor; the newer DI machine for maskless lithography, which
it uses 85 to 90% of the time; and an Opti-Beam dry-film
exposure unit. Prototron uses it for solder mask prior to
developing. Direct imaging is used for circuit layers. Next up
is the purchase of an ultrasonic cleaner.

Prototron performs visual inspection of innerlayer cores
to check lines and spaces and uses AOI to look for shorts
and opens. If a defect is found at AO], it is reprinted until it
passes, Thompson said.

In the lamination layup area, operators process up to 32
different boards at a time. Separate machines are used for hot
and cold press. Extended cool downs are used to eliminate
bow and twist.

The new Schmoll Multi-X Axis drill has a wide range
of tool sizes available. It uses laser blocks to determine — as
Thompson colloquially said, “Yeah, I like that bit” - and
then drills it. “It’s six times faster than the old machine.” The
linear drive has 10-ton granite blocks underneath to keep the
machine in place.

“Ten years ago, this was a bottleneck. We can now drill
faster than plating.”

The solder mask area contains an ITC Intercircuit
epoxy fill machine. Holes are filled completely with epoxy
by means of a hydro-squeegee, then plated to encapsulate
them. The specific size range is 0.008" to 0.020". Later,
the boards are lightly scrubbed before coating with a DP
1000 automatic flood coater: 1 mil over glass/half a mil
over copper.

Next up: the tack cure oven, followed by liquid pho-
toimageable imaging. Ovens are at full bake with a potas-
sium carbonate solution, and then the boards are surface-
finished. Prototron offers LPI solder mask, NiAu and ENIG

finishes, and even HASL. (“There are still folks who want
it,” Thompson said.)

For signal integrity, a standard set of six questions are
asked, plus two additional questions:

m Are all the structures in free space? (Any coplanar coupling?)

B What’s the color of the mask? (For example, white for
LED applications is two times the thickness — and almost
double the dielectric constant.)

Redmond has three Microcraft Emma flying probe tes-
ters for electrical test. The machines can correct for z-axis
contraction.

In a dry lab, Polar software is used to test for ionic
contamination.

Prototron Circuits is affiliated with local universities, as
well as universities across the country. Thompson guest lec-
tures for engineering students and provides those same lectures
for customers. One such company is Monsoon Solutions,
which he visits five times per year to educate employees.

“Monsoon can order one- to three-day turns for board
designers,” he said. “We can get any of their impedances
to work.”

When it comes to demand, Prototron is fortunate, hav-
ing the benefit of the aerospace industry. Work comes in “all
year round (because) launch times don’t coincide with budget
releases two times per year. Demand will always continue.”

The two shops may be miles apart, but the vision of CEO
Ryder is instilled and prominent in both. As Russ Adams,
national sales manager, said, “Prototron is known for service,
reliability, on-time delivery, integrity and knowledgeable cus-
tomer support. That goes for both facilities. We both live by
the same principles.” -

CHELSEY DRYSDALE is senior editor of PCD&F/CIRcuITs ASSEMBLY;
cdrysdale@upmediagroup.com.

FIGURE 2. MarkThompson shows Prototron’s flying probe tester.
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Designer’s Notebook continued from pg. 24

Answer: Max skew in time delay = +/-2.5% of the 833ps
clock period = 20.825ps FR-4 Er~4, Er ~2.92.

So, for striplines, the maximum skew should be less than
+-(20.825/(85*SQT(4)) = +/-0.1225 in = +/-122.5 mil.

For microstrips, the maximum skew should be less than
+/-(20.825/(85%*SQT(2.92)) = +/-0.1433 in = +/-143.3 mil.

“Note: Different microstrip and stripline structures will affect the signal
speed, but only slightly.

Keep this in mind the next time you calculate trace
lengths. It should make the job a little easier.

BIBLIOGRAPHY

1. Atar Mittal, Signal Speed and Propagation Delay in a PCB Transmis-
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Market Forces and Regulations

Converge on ECO-DESIGN

Cost savings, boosted by European Commission initiatives, drive
product designers to implement eco-design. by PAMELA J. GORDON

Ed.: This is the first of an occasional series by the authors of the 2019
iNEMI Roadmap. This information is excerpted from the roadmap,
available from iNEMI (inemi.org/2019-roadmap-overview).

A common misconception is that eco-design adds costs to
products. In fact, nearly every eco-design principle reduces
product costs. The growing demand for more environmen-
tally sustainable products, coupled with increasing regulatory
restrictions, is motivating electronics manufacturers to lever-
age eco-design principles and the circular economy model to
simultaneously build business value, decrease product costs
and mitigate harm to the environment and society. Progress in
eco-design since the 2017 iNEMI Roadmap has been driven
largely by upcoming requirements from regulatory bodies and
competition-driven initiatives; the latter stems from stakehold-
ers’ increasing awareness of the toxicity, CO, emissions, social
inequities, and costs attached to many materials in the extrac-
tion, manufacturing, transportation, use and post-use phases.

The European Commission (EC) remains the most
active driver of regulatory eco-design requirements, espe-
cially in removing hazardous substances from products
and in creating mandates for new standards related to the
circular economy. For instance, the electronics industry is
actively removing four phthalate substances in advance of
RoHS restrictions that take effect starting in 2019. Also,
in early 2018, the EC launched its next round of substance
reviews for possible restriction in electronic products.

Moreover, 10 European standards to enable future ini-
tiatives and regulations on the circular economy are in the
final stages of development. These standards address defi-
nitions, requirements and methods for product durability;
ability to remanufacture as well as to repair, reuse, and
upgrade; recyclability and recoverability; and a proportion
of reused components and recycled material. (According
to the Ellen MacArthur Foundation, the circular economy

TABLE 1. Anticipated Changes to, and Impacts from, Future Regulations

DESIGN CATEGORY

Material selection

Ecolabels: most programs and standards require use
of recyclable materials; many standards in N.A. and
Europe require use of recycled plastic and fiber materi-
als (e.g., IEEE 1680.x, UL110, NSF 426, Blue Angel, TCO)

Material identification

Ecolabel standards already require many plastic parts
to be labeled

Material restrictions

Manufacturing and assembly

Source: Sustainable Electronics chapter of the 2019 iINEMI Roadmap
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CURRENT STANDARDS AND/OR REGULATIONS THAT ADDRESS THIS DESIGN CATEGORY
Partially addressed by IEC TR 62824:2016 Guidance on material efficiency considerations
in environmentally conscious design of electrical and electronic products

EU Commission mandate to develop circular economy and critical raw materials (CRM)

standards will lead to new regulations

IS0, IPC and other standards for labeling; material declaration (with material classes) for
additional details

EU Commission mandate to develop circular economy and CRM standards will lead to
new regulations that may be more prescriptive

RoHS, REACH and similar regulations restricting materials in electrical and electronic
products

IPC and other industry organizations have long produced standards for manufacturing

and assembly quality; focus on eco-design at these stages has been lagging

PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY |

a7



INEMI ROADMAP

48

See us at SMTAI Booth #824

Slash'PCBA'Test Time! No'Fixturing’

is a way to design, make and use things within planetary

boundaries, by designing out waste and pollution, keep-

ing products and materials in use, and regenerating
natural systems.)

Finally, the desire to leverage recycled materials for
new product manufacturing is calling for the elimination
of all hazardous substances from products.

Concurrently, a burgeoning number of product com-
panies are implementing voluntary eco-design initiatives
— sometimes to earn eco-labels including EPEAT, and
sometimes to achieve business value through product-and-
process innovations.

The competitive pressure comes from increasing edu-
cation of, and demands for, responsibility by a broad
range of stakeholders, including leading manufacturers,
purchasers, governments, NGOs and the experiences from
reuse and recycling service providers. Some of the most
recent initiatives include increases in these areas:

m Proactive identification/elimination of hazardous sub-
stances and the use of alternative assessment methods
to evaluate substitute materials and chemicals.

® Requirements for recycled content in plastic materials.

m Closed-loop recycling of plastic materials for use in
similar products.

m Push of eco-design requirements into the supply chain,
which can be supported by standards.

m Corporate social responsibility and responsible sourc-
ing of materials and services.

®m Energy management, including product energy effi-
ciency and use of renewable energy by manufacturers
and suppliers.

m Flexibility to reuse and repair products.

To mitigate economic, environmental, and social
issues present today and expected to intensify during
the next 10 years, the global electronics industry must
incorporate eco-design principles throughout product
and package development, supply chains, manufacturing,
logistics, use-phase, and post-use value retention.

Looking forward to the next 10 years, the roadmap
anticipates changes to, and impacts from, regulations and
standards relative to eco-design, summarized in TABLE 1. o

This excerpt from the 2019 iNEMI Roadmap is based on the
Eco-Design section of the Sustainable Electronics chapter,
chaired by PAMELA J. GORDON, director of partnerships for
Presidio Graduate School.
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PCB CLEANING

CLEANER Compatible with
Today’s Complex Electronics?

Some cleaners are speedy and effective but can attack plastic

components. by EMILY PECK

With modern electronics getting smaller and more
complex, finding a reliable cleaning method that is both
effective and compatible with the different materials of
electrical equipment can be difficult. The smallest con-
taminant can form a barrier between contacts and parts, or
initiate dendritic growth, affecting the device’s efficiency
and performance. This is why cleaning plays an important
role in guaranteeing the quality of electronics equipment
coming off the production line.

Contact cleaners are widely used in the industry due
to ease of use and convenience. They clear particulate and
oil residues from hard-to-reach places and refresh electrical
connectivity on switches, relays, potentiometers and other
devices. They safely rinse grit from hot motors and dust

from inside electromechanical relays and keyboards. They
are also effective in removing contaminants from hard-to-
reach areas on connectors, cable harnesses, tuners, power
supplies, encoders, distribution panels, junction boxes and
switching devices.

The perfect contact cleaner should be nonflammable,
noncorrosive and have strong dielectric properties. Ide-
ally, it could even be sprayed on energized electrical circuits
without concern. The cleaning agent must be safe for use on
all component materials without risk of damaging delicate
parts. These features may be the ultimate contact cleaning
combination, but some electronics manufacturers may not be
taking time to check the cleaners used are up to the job and
compatible with electronic components.

First step. Although the

capability of the con-
tact cleaner is impor-
tant, so is its compat-
ibility with the substrate
being cleaned. When it
comes to choosing the
correct contact cleaner,
first check for material
compatibility. This is a
critical area to investi-
gate before any cleaning
process is undertaken.
Does the device con-
sist of just one type of
material, or is it made
up of several materials
with vulnerable compo-
nents? Perhaps it has an
LCD display made from
transparent polycarbon-
ate, contains inks, or
includes rubber parts

FIGURE 1. Contact cleaners flush away dust and lint from electronics equipment.
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that may be damaged by
aggressive solvents.
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Think about what the electronics are made from. Many
use a range of materials for their structure. One electronic
component can be fiberglass, while others can contain mate-
rials like copper, elastomers or screen-printed parts. If unsure
about the materials of construction, test before widespread
deployment of a cleaner.

Contact cleaners. A strong cleaning fluid is often used to
ensure cleanliness. It delivers excellent results and cleans
quickly. However, a cleaner that is too strong can damage
soft plastics, rubber, conformal coatings and even remove
inks. It may appear to be a quick and effective solution to
cleaning, but the unseen damage caused can be destructive to
the component materials.

Modern contact cleaners can be an effective and safe
method of cleaning. They remove oxides and other unwanted
contaminants from the conductive surfaces of switches, con-
nectors and other electrical components with surface con-
tacts. They are particularly useful if cleaning is required for
assemblies with varying material use or those where compo-
nent parts have not yet been established. Strong cleaners may
dissolve, craze or attack softer substrates; therefore, a milder
plastic-safe cleaner is often the preferred choice. Ensure the
contact cleaner is nonconductive, fast-drying, nonflammable,
and safe on all materials of construction.

An array of contact cleaners is on the market. In the past,
some technicians used IPA (isopropyl alcohol) with some

success for contact cleaning. IPA is slow-drying and highly
flammable, causing potential safety risks. In addition, oxides
are typically not cleaned by IPA, so alcohol may not be the best
choice. On the other hand, most modern contact cleaners, with
their high volatility, dry quickly and without residue. They are
also nonflammable and can be used on energized equipment.

Keep the Kb value low. The cleaning strength of a contact
cleaner is frequently measured by an industry benchmark
called the Kauri Butanol (Kb) value. If an electronic device is
made from a variety of materials and includes plastic com-
ponents, use a contact cleaner with a low Kb value. Stronger
cleaning fluids with a high Kb value may have compatibility
problems with soft plastics, coatings, inks and other compo-
nents. Ideally, if delicate materials are within the device that
requires cleaning, a Kb value of 15 to 40 is usually safest.
This Kb range indicates the contact cleaner is mild and suit-
able for most surfaces.

Kb values can be found on the contact cleaner’s technical
data sheet. The figure shown will help gauge the cleaner’s
strength and suitability for the contaminant requiring remov-
al. Cleaners with lower Kb values will remove greases but
may not handle ionics and fluxes. Cleaners with higher Kb
values may be speedy and effective but may attack plastic
components. For this reason, consider the components to
be cleaned and the materials of construction. Depending on
the contamination, make sure the contact cleaner is strong
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enough to remove the contamination and clean effectively,
while not affecting the components themselves.

A good method of ensuring a contact cleaner is work-
ing effectively without affecting the component material is
to conduct a “cleaning trial” on a sacrificial or test part.
The best practice is to start with a milder cleaner first
and progressively try stronger cleaners until the optimal
cleaning result is achieved. It is reccommended tests be per-
formed in more than one area on the part to ensure it is
safe for all the materials the cleaner may contact, directly
or indirectly. Leading suppliers of cleaning solutions have
field engineers who can provide guidance on testing clean-
ers and how to select the best one for the component and
contamination. Often, the results are unexpected: some
mild cleaners may clean as well as or even better than
those with much higher Kb values, with the added benefit
of maintaining material compatibility.

Many companies will conduct their own in-house
cleaning trials, but in some instances, companies may send
their sacrificial test parts to the cleaning fluid manufactur-
er for an in-lab cleaning assessment. Cleaning experiments
are conducted on their parts and particular contamina-
tion to ensure effective cleaning with the fewest risk to
the parts. The lab will typically present the client with a
written report, including detailed recommendations on the
best cleaner and cleaning methods to ensure cleanliness
and safety.

What is out there? Many contact cleaners on the mar-
ket combine a number of important features. They clean
effectively, are worker safe, environmentally friendly and
inexpensive. Although mild, they clean thoroughly and
can rinse and flush away mineral and silicone oils, as well
as remove dust, lint, grit and other particulates, making
electronics components clean and ready for the next stage
in the manufacturing process.

When choosing a contact cleaner, check its credentials.
Not only does it need to clean well, but it must work with
the components it is used on. It must be compatible with
all materials of the assembly. Look at its Kb value: is it low
enough to be suitable for all surfaces? Is it nonflammable,
and can it safely clean a variety of electronic mechanisms
from connectors and relays to wiring harnesses and
mechanical devices, all while the equipment is energized
and operating? Does it have strong dielectric properties
to prevent electrical shorting while the cleaner is drying?
Consider worker safety and environmental and regulatory
compliance. Modern contact cleaners on the market today
can comply with strict air quality regulations and are for-
mulated to meet stringent safety requirements.

Do not overlook price point. The cleaner must work
within the budget. Perhaps consider the use of a con-
trolled dispensing system that attaches to the contact
cleaner. This method delivers faster and better cleaning
with less waste. o

EMILY PECK is a chemist at MicroCare Corp. (microcare.com)
and holds a master’s in chemistry from Tufts University; lab@
microcare.com.
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TEST AND INSPECTION

Defining Acceptable Voiding Levels Under QFNs

Will IPC accept the >50% voiding recommendation?

DAVID BERNARD,

Ph.D., is an expert
in use and analysis

of 2-D and 3-D (CT)

52

Xx-ray inspection
techniques for
electronics; dbc@

bernard.abel.co.uk.

WE HAVE LONG had numerical guide-
lines for voiding levels below which
we deem acceptable for BGA joints.
Originally from IPC documentation,
the limit called for less than 25%
voiding of the joint area when the
joint is looked at from the top-down
in x-ray. More recently, and entirely
because of evidential data, this has
been increased to 30%.

Many other joint types also given
designated qualifications in the IPC
guidelines, such as through-hole joint
fill levels, can be evaluated using
x-ray. However, there has always been
an anomaly in the level of voiding
in bottom termination components
(BTCs). To date, no evidence-backed,
indicative values are published detail-
ing acceptable voiding in these joints
and, in particular, the large central
pad under QFNs.

The primary reason for this is the
lack of appropriate data upon which
to base a criterion. Without evidence,
the standards writers cannot propose
values that will impact how our indus-
try does business. For QFNs, however,
this is now all set to change. For that

we thank Dave Hillman, chairman of the IPC Void-
ing Task Group, and his merry band of volunteers. I
had the good fortune to listen to Hillman’s presenta-
tion at the recent SMTA International Conference
for Electronics Enabling Technologies (ICEET) titled
“Reliability and Voids in QFN Solder Joints: What’s

the Issue?” Hillman showed data
from device manufacturers that
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FIGURE 1. Two QFNs with different levels of voiding under the central

termination.
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FIGURE 2. Void calculations.

indicate thermal performance of
large central MLF pads as a func-
tion of solder void. (See IPC-7093,
Figure 6-19.) This is a performance
criterion, however, and while it may
set an upper voiding limit to define
a failure level, it does not necessar-
ily indicate what value(s) could, or
should, be used as a manufacturing
process indicator. To correct for
this, Hillman presented initial data
on lifetime solder joint integrity as
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a function of void size in QFN cen-
tral pads for tin-lead and lead-free

FIGURE 3. X-ray image of a QFN
with vias located over the top of

solders. Further papers on this topic
will be presented this month at the
SMTA International Conference.
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the central pad. Vias on the left are
much lighter in grayscale due to
the presence of solder.

From these data, Hillman and his team are recom-
mending modifying IPC J-STD-001, section 7.5.15,
Bottom Termination Components (BTCs), to indicate
that, under manufacturing best practices, voiding in
the central pad termination be less than 50% of the
available wettable area. This recommendation has yet

to be voted on by the appropri-
ate IPC committees. Therefore, as
Hillman says, those who have any
comments or concerns as to why
this should not be the case, espe-
cially backed with data, should
make their representation to the
task group, which meets at the
next IPC Apex Expo conference
in February.

Note that this guidance is
only for the large central termina-
tion under QFNs. It does not give
a suggested value for maximum
voiding under the typically small-
er QFN edge terminations. The
task group does not have data for
this. Therefore, for edge termina-
tions, acceptable voiding levels
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FIGURE 4. Software void calculation without (left) and
with (right) adjustment/allowance for the vias of the device in
Figure 3.

still need to rely on contracted rules between assembler and
customer. (Unless, of course, you have good data that can
be shared with the task group to help define this as well!)
The other point to note is the term “available wettable
area.” This is because QFNs in the dataset used did not
have vias in the central pad. When vias are present, they can
be seen as low-density areas in the x-ray image and included
in the calculation as “apparent void areas” by typical x-ray
system void calculation software. These “via voids” should
not be included in the total void calculation when determin-
ing whether a process is within its parameters. Finally, this

TEST AND INSPECTION

recommendation is a limit for the total voiding level. There
is no clause for the maximum size of a single largest void
within the total area, something I have observed has often
been discussed in setting void limits under QFNs. Again,
this cannot be designated in the committee’s recommenda-
tion at this time owing to lack of hard evidence.

As examples of the proposed recommendation, con-
sider the following images:

FIGURE 1 shows two QFNs with differing levels of
voiding under the central termination. In neither device
are vias located over the central pad.

FIGURE 2 shows the void calculation made by the x-ray
system on the two QFNs in Figure 1. The calculations
indicate the QFN on the left has total voiding under the
central pad of ~30%. The QFN on the right has just over
50% voiding under the central pad, thereby exceeding the
proposed guidelines.

FIGURE 3 shows an x-ray image of a QFN with vias
located over the top of the central pad. Note the vias on
the left are much lighter in grayscale compared to their
surroundings. In this sample, some vias also include some
solder in their depth, making them much darker than their
surroundings. Both situations will impact the typical x-ray
system void calculation when undertaken on this type of
image (see FIGURE 4).
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the cycle time can be reduced significantly.

Reduce setup times

The system can be programmed with an offline
workstation while it is producing. This reduces
downtimes.

Optimize processes

RGB lighting is used to reliably read codes on
differently colored printed circuit boards in
order to achieve optimum contrast. Automatic
exposure detection supports the setup and
reading process.

Visit us: SMTA INTERNATIONAL | SEPTEMBER 24 & 25, 2019 |
ROSEMONT, IL | BOOTH NR. 933
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Figure 4 shows the soft-
ware void calculation both
without (left) and with (right)
adjustment/allowance for the
vias of the device in Figure 3.
Without adjustments (left), the
void calculation is ~21%. By
excluding areas around each
via using additional software
features (blue boxes, as seen
on right) the void calcula-
tion becomes ~16%. Both are
within the proposed guidelines
but also indicate differences
will occur and will be especial-
ly meaningful if “voids” from
the vias push the total voiding
above the suggested level.

An alternative approach
to editing regions from the
x-ray image before making
the voiding calculation is
to take a schematic of the
device and compute the total
area percentage covered by
all the vias as a function of
the total pad area. This value
can then be subtracted from the software calculation made
from the original x-ray image and without making any
additional modifications. However, will you remember the
correct value to subtract for each QFN in each board? And
what if there is “real” voiding at the pad location under
specific vias? In this latter situation, the voiding will not
be included in the calculation. Another more interesting
approach is to use the PCT technique, if available on the
x-ray system, to make a 3-D model of the QFN and select
only the pad slice level and make the software calculation
only at that depth, thereby removing the vias from view
completely (and also from any calculation).

FIGURE 5 shows 3-D representations of the PCT model
created for the device in Figure 3. The position of the vias
above the central pad is clear and indicates the location of
the solder down some of the vias.

FIGURE 6 shows 3-D representations from the PCT model
only at the pad level in the device. All other information has
been removed. Using these data permits the software void

FIGURE 5. 3-D representations of the PCT model created for

the device in Figure 3.
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FIGURE 6. 3-D representations from the PCT model at the pad
level in the device.
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calculation to be made on
the reconstructed 2-D slice
at this level only, as seen in
Figure 7.

FIGURE 7 shows the
reconstructed 2-D slice at the
pad level in the QFN shown
in Figure 3 and the software
calculation of the total void-
ing at this level, which is
~24%, again well within the
proposed guidelines.

It is worth noting, for
most x-ray systems, addi-
tional error in the voiding
calculations can be caused
by how the pad area is
defined for the computa-
tion. This could be manu-
ally, such as by drawing a
rectangle around the pad,
or by setting a grayscale
threshold and letting the
software define the pad lim-
its. Whichever approach is
used, it is possible to make
the value of the pad area
smaller or larger than its true number. This will have a
meaningful impact on the total void calculation, as the
total void area seen in the image may be divided by a
smaller or larger value for the pad area than it should
be. Therefore, I would suggest all these voiding calcula-
tions be considered to include a reasonable error bar of a
few percentage points; adjust internal process indicators
accordingly. Do not consider voiding of 49.9% = good
and 50.1% = bad. Apart from the likely error in the mea-
surements, this misses the point of a process indicator: if
voiding is in the ~40-50% range, should this not make
you ask questions of your process?

Subject to agreement and approval, for the first time
there will be a guideline for the acceptable level of voiding
present under central pad terminations of QFNs. It says
manufacturing best practices is voiding less than 50% of
the available wettable area. Many x-ray systems can make
these calculations, but consideration must be given as to
the nature and structure of the device so that vias seen as
voids, for example, are not included in the calculation.

Au.: Images courtesy Peter Koch, Yxlon International.

L

FIGURE 7.The reconstructed 2-D slice at the pad level in the
QFN shown in Figure 3.
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Further Field Studies

TEST AND INSPECTION

As we venture out among the aerospace industry, it helps to know the lingo.

FOUR YEARS HAVE elapsed since we last provided
discerning readers with a helpful field guide to the
major species inhabiting trade shows. Four years is
a long time. Has anything changed? Have the major
species evolved? Regressed? Have some gone extinct
or suffered outright obsolescence? What are the
replacements?

The quest for knowledge beckons us back to
the field.

Curiosity about a changing world and an evolv-
ing industry propels us to don pith helmets and bin-
oculars and return to the source. Post-graduate work
commences now.

Today’s trade show showcases military and aero-
space supply chains. Four years ago, we looked at
electronics, broadly based, with commercial applica-
tions. Wares were hawked, and sales methods were
scrutinized at well-known commercial and industrial
events. Today we consider items that shoot, explode,
report, eavesdrop, interfere (jam), transmit, receive,
intercept, and encrypt or decrypt. To exact specifica-
tions. Objects sold here ascend, plummet, and follow
ballistic trajectories on one-way missions, the war-
ranty expiring on impact (no extension needed). They
may settle into low earth or geosynchronous orbit.
In many cases, they fulfill an application in which
a protagonist initiates action at one end, and their
antagonist resides at the receiving end of the trans-
action. The result is usually transformative for one
party. That’s a diplomatic way of saying they have a
limited lifespan. Some win, some lose.

Because our Way of Life must be preserved. It’s
also good business.

Serious business.

Button down those collars and trim that hair to
regulation length, soldier; we’re going in.

Immediately, the difference from four years ago
is apparent: shirttails are firmly tucked in at this
show. Hawaiian shirts proliferate among engineers
at shows for “civilian” applications. Not here. The
Big Lebowski does not thrive in Acronymland. This
crowd is more circumspect. For a reason. Drawing
attention to oneself is not in your best interest. Stick
with the acronyms, follow the statement of work, and
complete the mission. You will be audited.

Speaking of which: NASA, JPL, NRO, SBIR, NRO,
NIST, ANSI, DTSC, AS9100, NADCAP, NSA, ITAR.
Know the lingo or you won’t pass muster, mister.

This world knows a different business cycle. Defend-
ing our cherished values means eternal vigilance.

From which follows eternal cashflow.

If what you build is built correctly. In a world
where there often is one customer, mistakes have exis-
tential effect, with no statute of limitations.
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With that sobering background, which new or
evolved species do our field surveys reveal?
Consider:

The New Hire (Millenianus Niavae). Easily identi-
fied by youth and propensity to address others,
irrespective of name, title, rank, social position, or
educational pedigree with the salutation “hey.” Often
dispatched by unseen superiors to shows like these
for information-gathering purposes, without attribu-
tion. Frequently does not possess business card, the
better to avoid intrusive salespersons. Rarely makes
eye contact with anything or anybody, aside from
smartphone screen. Unsubstantiated reports say this
species subsists on a daily diet of avocado toast.
Studies speculate only a small minority of this cohort
will work for the same company their entire career.
Good with apps. Does not carry cash. Often does not
know what cash is. Known also to harbor delusions
of entitlement (to what is not always clear).

Our future. Prudence and good business sense
demand we subsume judgment (easily dispensed)
for the greater good. Lord knows it’s a target-rich
environment, inviting critical commentary as gravity
to a black hole. The temptation to speak one’s mind
(speaking truth to lack of power?) never ends. Easy.
Recognize the talent. Those countless Little League
participation awards were earned for a reason.

If we want to go to the moon again, or Mars
and beyond, these young people will be writing the
equations steering the trajectory of the vehicles to get
us there.

Just check their math.

Next:

The 3D Printing Engineer (Tridimensionalis
Additivae). Creates all manner of objects quickly,
frequently one-off, to validate product designs
quickly. Like circuit boards. Or hip joints. Or
solid and liquid fuel rocket engines. Ideally suited
for aerospace applications because of the unique,
limited nature of each production run. The species
existed in 2015, but it rose to prominence con-
currently with the rise of commercial spaceflight
engineering. Thinks in days and weeks, rather than
months and years. Often observed in the wild as a
hybrid, blended species, combining the attributes
of the New Hire (described above) with the soft-
ware knowledge necessary to create three-dimen-
sional objects from materials as varied as plastic
composites and metals such as titanium. Persistent
rumors abound that representatives of this species
are actively researching means of creating 3-D
printed avocado toast.

ROBERT
BOGUSKI is
president of Datest
Corp. (datest.com);
rboguski@datest.
com. His column

runs bimonthly.
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See us at SMTAI Booth # 1224
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FAST AND ACCURATE COUNTING FOR
MEDIUM VOLUME MANUFACTURERS

AXI-5100C

COMPONENT COUNTER

AUTOMATED INLINE COMPONENT COUNTING
FOR HIGH VOLUME OPERATIONS
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Once championed as the universal prototype manufactur-
ing solution, 3-D printing techniques, additive as well as sub-
tractive, have hit their stride recently by focusing on mechani-
cal engineering, medical, and aerospace products. Regarding
the latter, 3-D-printed rocket nozzles, struts, engine nacelles
and fairings, to name but a few among hundreds of applica-
tions, are now the norm. With NASA withdrawing to the
background and apparently transforming itself from a space-
ship builder to a new primary role as a certifying and regu-
latory agency, technologies like 3-D printing have become
integral to the proving process.

As test engineers, we participate in this evolution by
imaging 3-D-printed parts, whether in an inspection role
(looking for flaws, voids, or other defects), or performing
what is called nominal/actual comparisons, in which the
finished object is scanned and rigorously compared to the
original design data for dimensional faithfulness. We could
tell you a lot more, but we’d have to ....

There’s more:

The Artificial Intelligence Engineer (Gnosis Pseudonomae).
Big data person. Likes drones (the flying vehicle kind, not the
earthbound, rulebound, eyeshade-wearing accountant kind).
Responsible for pipelining massive amounts of data from air-
craft and spacecraft systems, especially navigation systems and
engines. Developer of machine vision systems and algorithms
for identifying air traffic hazards, runway and taxiway incur-
sions, and automating flight maneuvers previously controlled
exclusively by human input. Risk assessment in action, data
derived from artificial intelligence determines whether certain
air missions are best conducted by humans or robots. Embodi-
ment of evil in the minds of some futurists for allegedly spread-
ing the belief that robots will take over the world.

Beep!

The spawn of drones and data. Not that data delivery
is new. It’s just bigger. As recent Apollo 11 retrospectives
have shown, telemetry data monitoring spacecraft perfor-
mance goes back to the 1960s. We just have more of it now,
and in volumes inconceivable 50 years ago. Every aspect
of vehicle performance is now recorded as a routine mat-
ter, and sometimes not so routine (plane crash forensics,
for example). Drones seem now to proliferate in the same
manner of development as 3-D printing was thought indis-
criminately applicable 10 to 15 years ago. The winnowing
of applications for drones has yet to begin (pizza delivery?).
So, the field for engineers is wide open. As is the need for
digital imaging activities to support hardware development
and validation.

Yet another species:

The Biofuels Engineer (Alternativus Propulsionensis).
Developer of chemistries and engine systems not exclusively
dependent on fossil fuels. Invents fuels from agricultural feed-
stocks and synthetic sources. Also intimate with electric and
hybrid-electric propulsion systems.

Fertile ground (pardon the expression) for chemical engi-
neering and materials science graduates. Alternative aviation
fuels represent less than 1% of total consumption today, per
Aviation Week & Space Technology, but the field, and the
demand, is growing. Could the day arise when America’s
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farmers depend on aerospace rather than China for their
livelihood? One wonders.

Fuel and propulsion technology involve materials. CT
scanning evaluates materials. Hence our involvement.

The last new sighting:

The Cubesat Engineer (Economicus Vebiculae). Designer
of micro-miniature satellites for (mostly) scientific applica-
tions. Can be launched into Earth’s orbit in large groups,
thereby distributing cost over many applications. Works with
colleges, universities and aerospace startups to develop proj-
ects of particular academic or commercial interest, or whose
inherent risk does not justify the expense of larger, more
costly launch vehicles. The cubesat engineer often works for
a college or university. Some of these schools actively exhibit
at aerospace trade shows, touting their minisatellite expertise.

The Poor Man’s Sputnik, Cubesat clusters frequently
occupy otherwise unused space on research rockets. The
standard 1U Cubesat is 10 x 10 x 11.35cm (4 x 4 x 4.5")
and weighs about 31lb. To date, nearly 1,000 cubesats have
been sent into Earth’s orbit, exciting aeronautical engineer-
ing graduate students across the globe. The standard volume
enables quick payload interchangeability. Cubesats are easily
grouped together into 2U and 3U clusters for launch.

Most cubesats and their payloads eventually outlive
their usefulness and burn up in Earth’s atmosphere upon
reentry. The very few that manage to make it back to terra
firma eventually find themselves in laboratories such as ours,
where payloads are examined under x-ray and CT scanning
for mechanical stress and suitability for relaunch. Thin col-
lege space budgets can be stretched even thinner, if lifecycle
analysis is favorable.

Enough with the new. Lest you think the wild has changed
completely, fear not, because one species is immortal:

The Sales Rep (Granularius Preposterii). Preternaturally
optimistic. If not optimistic enough, switches careers to
become more so. (“Weren’t you selling circuit boards the last
time I saw you?”) Makes abundant use of buzzwords (granu-
larity, reaching out, circling back, touching base, synching
up) to divert attention from lack of technical know-how. Says
business is always good, even when it isn’t. Has disturbing
propensity to bend the truth to suit his or her interests. Has
very short attention span.

This species is also abundant. It has yet to be replaced by
a robot or sustained by biofuel. As to the artificiality of this
species’ intelligence, reader, you must judge.

Let us also salute the Old Guys. The Old Guys never
go away. We just get new ones, with new stories of analog
computers and vacuum tubes. And now Saturn V rockets and
short-sleeve white shirts and thin black ties. Trade shows for
them are social events.

In parting, they also harvest our swag pens in bushels.

As if we didn’t notice.

Like always. o
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.7{ THERMALTRONICS

SOLDER SMART

With the award winning
TMT-R9800S Precision Soldering Robot

2019 EMI
Innovation
Awards

2018 Global
Technology
Award Winner

2019 Vision
Award Winner

2019 NPI
Award Winner

For a free evaluation process on the
TMT-R9800S Solder Robot or to request
solder system/tip samples for evalutaion,

please contact
info@thermaltronics.com

www.thermaltronics.com
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GETTING LEAN

An In-House Solution to Odd-Form Part Inspection

When commercial AOls were not up to the task, a little internal ingenuity saved the day.

GERARDO
RUELAS is
engineering
superintendent
at SigmaTron
International

Chihuahua, Mexico
(sigmatronintl.com);
gerardo.ruelas@
sigmatronintl.com.

CESAR DE
LA TORRE is
test software
development
engineer at
SigmaTron.
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WHILETHERE IS great debate in the quality community
as to who first made the observation that visual
inspection by humans is not 100% effective (both W.
Edwards Deming and Dr. Joseph M. Juran have been
given credit) and even some debate about the true
effectiveness rate (is it 75%? 80%? 85%?), all agree
it is inefficient and error-prone. Yet, automated opti-
cal inspection is often deemed not cost-effective for
relatively simple processes in many factories.

One area that is often problematic for electronics
manufacturing services providers is odd-form part
through-hole insertion. Through-hole odd-form parts
continue to be used when a part’s weight or need for a
more robust solder joint makes that level of intercon-
nection more reliable. Transformers, large capacitors,
diodes, relays, connectors and pressure sensors are
few examples of parts that are often still packaged as
through-hole. Manual assembly, like manual inspec-
tion, is prone to variation and associated defects,
particularly issues such as misaligned parts, missing
parts or wrong parts. Odd-form parts are typically
of a size or shape that makes automated insertion
methods impractical.

SigmaTron’s facility in Chihuahua, Mexico, per-
forms high-volume assembly of products, which
includes printed circuit board assemblies (PCBAs)
with paced, manual assembly requirements driven
by odd-form parts. The engineering team wanted to
automate the visual inspection process of that seg-
ment of production. Commercially available vision
systems were cost-prohibitive, and in most cases
could not be customized to inspect the full range of
parts that needed inspection. So, the team decided to
create its own inline inspection system, utilizing in-
house process engineering, machine shop resources,
technicians and test engineering development person-
nel. The engineering team developed a system using
an off-the-shelf camera system and mechanical com-
ponents combined with internally developed software
and fixturing for each board type.

A pilot system was developed and tested in the
fourth quarter 2018. The team made improvements
after finding that larger PCBAs required more cam-
eras, and the illumination system required adjustment
to compensate for reflections off the PCB substrate.
A barcode scanner is being added to facilitate auto-
mated test data capture. Fine-tuning was required to
achieve consistent identification of wrong polarity
capacitors, since polarity markings on some were
difficult for cameras to see. Once the improvements
were added, the only type of defect the system
couldn’t identify was lifted parts. Four systems have
been built and deployed in production. An additional
four are scheduled to be installed later in 2019.
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The systems have been installed pre-wave sol-
der, so insertion defects can be identified and cor-
rected prior to the components being soldered to the
board. Each line’s conveyor system runs through the
machine, and the inspection timing is paced to line
output goals, so inspection adds minimal time to
the process. An operator next to the system provides
real-time feedback to operators further up the line if
defects are found so immediate corrective action can
be initiated.

From a Lean perspective, the system helps elimi-
nate variation because it identifies issues prior to
soldering and eliminates unnecessary processing time
and added thermal cycles associated with rework.

The results provided by automating visual inspec-
tion were so positive, the team built a modified
version of the system for SigmaTron’s facility in Elk
Grove Village, IL. That production area’s volumes
are much lower, and, in this case, the system is table-
based and used post-wave.

Use of the system in Chihuahua has reduced
rework by 90%. It takes less than half the time of
a human inspector to inspect each PCBA. In EGV,
gauge R&R validation tests indicated it is inspecting
with 100% accuracy. It is also about 5% of the cost
of third-party systems, which makes it cost-effective
to use at multiple points in production processes with
minimal adjustments.

The result is an automated vision solution that
provides the required customization capability at a
cost point that makes deploying systems at multiple
areas in production cost-effective. Throughput has
been improved, since inspection time has been sig-
nificantly reduced. Most important, the inefficiencies
and thermally driven defect opportunities created by
rework have been significantly minimized in opera-
tions using the systems pre-wave. o
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01005 Termination Lift

Inappropriately sized pads can result in excessive solder and, eventually, defects.

THIS MONTH WE show soldering of 01005 chip
resistors from an early project with lead-free assem-
bly. The microsection image in FIGURE 1 shows a few
issues, but it’s the circles in both joints that caught
my eye. Yes, they are voids before they are unmasked.
During sectioning we stopped just before entering the

FIGURE 1. SEM images show round circles on the
joints, excessive pad length and termination lift on
top of the resistor.

DEFECT OF THE MONTH

void. Most would have continued a few more micros
to remove the thin sliver of solder, which was the wall
of the void, to show the void. But everyone has seen
voids before!

Now to the important part. The pad size is too
large for this small passive device and contributed to
the addition of too much paste during printing. The
length of the pad was reduced in further trials. Dur-
ing soldering, solder reflowed and wet over the top of
the resistor termination. This resulted in lifting of the
wraparound termination on both sides.

We have only experienced this on resistors in
package sizes of 0201, 01005 and the next level
of micro parts. Close examination of parts before
assembly from the same batches of resistors did not
show termination lift or damage on new parts. Lifting
of the termination will most likely be due to contrac-
tion of the solder during solidification.

We have presented live process defect clinics at
exhibitions all over the world. Many of our Defect
of the Month videos are available online at youtube.
com/user/mrbobwillis. -

BOB WILLIS is a
process engineering
consultant; bob@
bobwillis.co.uk.

His column
appears monthly.
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e Hiokl Flying Probe Tester
S * High-specd fdureless testing
. « Fine-pitch probing capabiity of 0.2 mm

L
% Sayaka PCB Router
q. * Low-stress, clean and precise
TS . Depanelization for densaly

| populated PCBs

i E McDry™ Dry Cabinets
= * Siore M30s safely withoul nivogen
:_:i * Conliorms to IPC-STD 0330 and IPC 1601

+ Fully automatic low-V0C stencil deaner
+ Low-cost portable shendi cleaners

Sawa Ultrasonic Cleaners
5 * Eco Roll cleaner recycles wiper rols
{

See us at SMTAI Booth #410

Complete profiling of reflow ovens
including oven temperature, video
! imaging, O2 concentration and
convection air velocity.

Verification of oven optimal
L performance

Enabling user troubleshooting
of oven process

Offering 6 and 12 channel

reflow thermo-profiling

email: info@seikausa.com

web: seikausa.com

Suite 306

Hayward, CA 94545
Tel: 510-293-0580
Fax: 510-293-0940
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San Francisco Office
23785 Cabot Blvd.

Atlanta Office

1580 Boggs Rd.
Suite 900

Duluth, GA 30096
Main: 770-446-3116
Fax: 770-446-3118

Los Angeles Office
3528 Torrance Blvd.
Suite 100

Torrance, CA 90503
Main: 310-540-7310
Fax: 310-540-7930

Malcom RCX Series Modular
Reflow Oven Profiling System

Winner of the 2016 NPI Award
for Process Control Tools!

The Malcom RCX series modular profiler system includes:
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s H E LI MACHINES MATERIALS TOOLS SYSTEMS SOFTWARE

WIRE-TO-BOARD CONNECTOR

HORIZONTAL WET PROCESSING DF51 series 2.0mm pitch connector has
Polygon PLB horizontal production a lock that provides a clear tactile click
equipment line is for multilayer, rigid- S-PARAMETER LOSS ANALYSIS and secures a reliable connection. Dual
flex and HDI panel processing. Wet-in- Si9000e now comes with LA9000 side-lock design prevents socket lift due
wet, inline, desmear and electroless S-parameter loss analysis options to vibration or cable wrenching. Crimp
copper production line has advanced and new Monte Carlo analysis option. connector comes in straight, right-angle,
fluid delivery system, reduces con- Updates bidirectional copy/paste inline connection, and single- or dual-
sumption rates for chemistry and interface between Speedstack and row. Single-row versions are offered in
water, and an operator-friendly design. Si9000e. Has improved support for two to six positions, while the double
Comes with Securiganth and Printo- loss tangent (RefTanD). Causal model- row comes in four to 30 positions. Oper-
ganth product series. ing now extended to copper losses. ating temp. -40° to +105°C.

Atotech Polar Instruments Hirose

atotech.com polarinstruments.com hirose.com

OTHERS OF NOTE
POWER MICROWAVE LAMINATE CIRCUIT SIMULATION SUITE SEMIAQUEOUS PHOTORESIST STRIPPER

Rogers Corp. Keysight RBP Chemical Technology
rogerscorp.com keysight.com rbpchemical.com

AUTOMATED DESIGN REVIEW ‘EASY-ASSEMBLY’ CONNECTORS STRETCHABLE FPC

Mentor Molex OKI Electric Cable
mentor.com molex.com oki.com/en
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‘TOOLLESS CHANGE' TIPS
Active RT soldering tips for WX solder-
ing stations comply with IPC standards.
MS versions are Mil-Spec-compliant.
Boomerang handle permits precise han-
dling and has ergonomic and secure
grip. Patented tip/handle unit enables
toolless tip change.

Weller Tools

apextoolgroup.com

DIGITAL MEGOHMMETER

#880 static control instrument is for use
in electrostatic protected areas (EPA)
for testing static dissipative surfaces. Is
said to be accurate and dependable for
point-to-point (RTT) and resistance-to-
ground (RTG) compliance verification
and qualification assessments. Results
are shown in numeric value within 103
to 108'2Q). Applies 10V and 100V manu-
ally or automatically.

ACL Staticide

aclstaticide.com

ORBITAL SCARA ROBOTS
YK-XG and YK-TW robots contain
advanced features for efficient move-
ment and long-term accuracy. By plac-
ing the tip-rotation axis directly in line
with the speed-reducing gear, leverag-
ing a specially designed hollow motor,
the YK-XG beltless drive permits fast
R-axis rotation with large offset loads
that require traditional belt-driven
robots to decelerate. Latest models fea-
ture x-y axis speeds of 7.6m/s.

Ye ha Factory A

yamaha-motor-im.de/en/fa/

10T DEVICE HANDLER

Data I/0
dataio.com

2-PART POTTING COMPOUND

Master Bond
masterbond.com
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AUTOMATED ASSEMBLY PLATFORM

Bright Machines
brightmachines.com

LED PLACEMENT MACHINE

Manncorp
manncorp.com

OTHERS OF NOTE

CONFORMAL COATING CLEANER

Zestron
zestron.com

FAST-PROCESSING EPOXY

Delo Industrial Adhesives
delo-adhesives.com/us
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sales@rushpch.com
www.rushpcb.com
408-496-6013

Every Day Special

2 Layers

Y0 YEARS OF MANUFACTURING

4 Layers 6 Layers 8 Layers

$10ea $25ea $40ea S$50ea

*Free Tooling, Solder Mask, & Silk screen.
Specialities

4 Mil Minimum Hole Size

Flex & Rigid-Flex
Roger's | FR4

Quick Turn HDI Boards
Laser Drill Stack Vias
2 Mil Line/2 Mil Space

Heavy Copper Boards
Copper Filled Vias
Control Impedance 5% Tol

See us at SMTAI Booth # 832

SOLDERABLE
PGB SPAGERS

Up to
3.2mm
High

'|'g|:Linc®
0402 ~ 1206 Chip Size

(800) 776-9888  www.PCB Spacer.com

B fesinla

| (877) 259-1669 - resinlab.com

Latest News

News and resources for design, fab and assembly

pcbupdate.com
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The Circuits AssemBLy
Directory oF EMS ComPANIES

BOOST YOUR
PROFITS

¢ Build your EMS database

¢ 3,000+ facilities worldwide

¢ Sortable in Excel

e Unrestricted use

e Includes contact info, no. of lines,

markets served and more!
RBEMES
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circuitsassembly.com/dems
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TECHNICAL ABSTRACTS BABE

In Case You Missed It

This column provides

a

bstracts from recent
industry conferences
and company white
papers. Our goal is
to provide an added

opportunity for read-

€l

rs to keep abreast of

technology and busi-

64

ness trends.

Advanced Materials

“Metal Oxide Semiconductor Nanomembrane-
Based Soft Unnoticeable Multifunctional Electron-
ics for Wearable Human-Machine Interfaces”

Authors: Kyoseung Sim, Zhoulyu Rao, et al;
cyul3@central.uh.edu.

Abstract: Wearable human-machine interfaces
(HMIs) are an important class of devices that
enable human and machine interaction and team-
ing. Recent advances in electronics, materials,
and mechanical designs have offered avenues
toward wearable HMI devices. However, exist-
ing wearable HMI devices are uncomfortable to
use and restrict the human body’s motion, show
slow response times, or are challenging to realize
with multiple functions. Here, the authors report
sol-gel-on-polymer-processed indium zinc oxide
semiconductor nanomembrane-based ultrathin
stretchable electronics with advantages of multi-
functionality, simple manufacturing, imperceptible
wearing, and robust interfacing. Multifunctional
wearable HMI devices range from resistive ran-
dom-access memory for data storage to field-effect
transistors for interfacing and switching circuits,
to various sensors for health and body motion
sensing, and to microheaters for temperature
delivery. HMI devices can be not only seamlessly
worn by humans but also implemented as pros-
thetic skin for robotics, which offer intelligent
feedback, resulting in a closed-loop HMI system.
(Science Advances, Aug. 2, 2019; https://advances.
sciencemag.org/content/5/8/eaav9653).

Flexible Electronics
“Heat-Free Fabrication of Metallic Interconnects for
Flexible/Wearable Devices”

Authors: Andrew Martin, Martin Thuo, et al;
mthuo@iastate.edu.

Abstract: Exploiting interfacial excess (T),
Laplace pressure jump (AP), surface work, and
coupling them to surface reactivity have led to the
synthesis of undercooled metal particles. Meta-
stability is maintained by a core-shell particle
architecture. Fracture of the thin shell leads to
solidification with concomitant sintering. Apply-
ing Scherer’s constitutive model for load-driven,
viscous sintering on the undercooled particles
implies they can form conductive traces. Combin-
ing metastability to eliminate heat and robustness
of viscous sintering, an array of conductive metal-
lic traces can be prepared, leading to a plethora of
devices on various flexible and/or heat-sensitive
substrates. Besides mechanical sintering, chemical
sintering can be performed, which negates the need
for either heat or load. In the latter, connectivity is
hypothesized to occur via a Frenkel’s theory of a

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

sintering-type mechanism. This work reports heat
free, ambient fabrication of metallic conductive
interconnects and traces on all types of substrates.
(Advanced Functional Materials, July 15, 2019;
https://doi.org/10.1002/adfm.201903687)

Solder Materials
“Effects of In and Zn Double Addition on Eutectic
Sn-58Bi Alloy”

Authors: Shiqi Zhou, Yu-An Shen, Hiroshi
Nishikawa, Tiffani Uresti, Vasanth C. Shunmu-
gasamy, and Bilal Mansoor; charleszhou1992@
gmail.com.

Abstract: The effects of 0.5 wt. % In as well
as 0.5 wt. % In and 1 wt. % Zn double (In & Zn)
additions to eutectic Sn58Bi alloy on the micro-
structure and mechanical properties were studied
before and after thermal aging. Newly designed
In & Zn-added Sn58Bi alloy showed much finer
microstructure than eutectic Sn58Bi and In-added
Sn58Bi alloys. The elongation improvements of
36% and 41% before and after 1,008 hr. aging
were obtained in In & Zn-added Sn58Bi alloy
compared to eutectic Sn58Bi alloy. In-induced
solid solution softening (SSS) effect on Sn phase
was revealed by nanoindentation tests. A hard-
ness decrease and a large creep displacement were
obtained in both In- and In & Zn-added Sn58Bi.
The effects of Zn and In combined were respon-
sible for the elongation improvement of In & Zn-
added Sn58Bi. (IEEE Electronic Components and
Technology Conference, May 2019)
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