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column

the way i see it

It’s Worse Than I Thought
by Ray Rasmussen
I-Connect007

Summary: A solution to the problem of tin
whiskers, at times, seems a far-off concept, but
surely the problems caused by lead-free requirements and SAC solders can be solved, right? A recent phone conversation with an engineer made it
clear to Editor Ray Rasmussen that the situation is
quite dire.
A few months ago I wrote a column about
the IPC Tin Whiskers Conference I attended
in April. The column, “Chasing Our Tails,”
appeared in the June 2012 issue of SMT Magazine and, from my 10,000-foot view, I couldn’t
see how we were ever going to get this issue
under control. There were just too
many variables, which were
ever-increasing as we
learned
more
about SAC solders and their
shortcomings
as they relate
to high-reliability electronics.
Maybe, someday, we’ll find a
solution to the
actual whiskers
problem, but as
I looked at all
the issues surrounding lead-free
(which caused tin
whiskers to become an
issue again), I just couldn’t
see how we were going to get
on top of the whole thing. It
seemed impossible or, at least, highly
unlikely to me.
As a result of that column, I received a few
comments, one of which turned into a phone
conversation that left me stunned.
This issue is much worse than I thought.
8
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A recently retired aerospace engineer took
the time to walk me through the long history of
the problems associated with, and being compounded by, lead-free SAC solders. He and his
team had been working on solving these problems well before the lead-free mandate came
into effect. What I took away from the conversation was that even with tin/lead solders, the
challenges to building these complex and very
critical systems were many.
The issues with traditional solders were
well known, but a few surprises still lurked. But
with lead-free, the challenges were becoming
so daunting that things were getting out of
control. The ability of these aerospace engineers to guarantee the operability
of critical systems over the long
term was diminishing. Yes,
they are exempt from
RoHS, for now, but
lead-free regulations,
combined with the
commercial off-theshelf (COTS) mandate, have put the
high-reliability guys
in a box. To build the
systems of the future,
they need to plug
into the latest technology the supply
chain has to offer,
and that’s where this
ever-increasing number
of variables comes in, dramatically reducing the chances of building a
consistently reliable product. And, in approximately seven years, the exemption for the mil/
aero guys goes away. The clock is ticking!
Certified Systems
The good news is that aerospace requirements all but ensure that systems won’t fail in

October 2011 • SMT Magazine
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it’s worse than i thought continues

the air.
We don’t
have to worry
too much about
planes dropping out of
the sky or military systems
failing in the field. Very tough certification
processes are required before a new system can
come online. That was reassuring to hear. The
real trouble will come when the system builders aren’t able to meet the requirements of the
military aerospace systems of the near future.
It’s becoming increasingly difficult to get these
systems certified. Rather than working with a
set of known materials and properties, lead-free
variables are causing the industry to reinvestigate just about every piece in the supply chain,
which basically means starting over after more
than 50 years of known good processes and materials.
The Manhattan Project
It was suggested at a conference in Europe
four or five years ago that the high-reliability
industry gather and focus on finding solutions
to the critical issues by creating a Manhattanlike Project. After some discussions, they decided to move forward. A two-week meeting
followed and top engineers from over a dozen
major mil/aero OEMs came up with a plan. The
only problem was that they needed $125 million to do the work. That’s where it sits today:
waiting for funding. Just think: this problem
would likely be behind us by now if they had
acted back then. Too bad.
It’s Political
After listening to my new aerospace engineer friend for more than an hour as he peeled
back layer after layer of the reliability onion,
I offered up that the problem was political in
nature, not technical. He agreed. If there were
sufficient resources, they—the engineers and
scientists—could solve these problems. And,
10
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since
most materials
suppliers cater to the other
90% of the industry with
volume production, the high-reliability guys were going to have to
solve this on their own. But, with
program managers under substantial pressure to keep costs down, they
aren’t looking to spend too much money investigating new ways to produce their products.
Moving to COTS was supposed to help
keep costs down, which would have been
the case if RoHS hadn’t been legislated. Now
things are starting to come unglued. I grabbed
the following from a PERM Consortium white
paper, which puts the issues in a nutshell. PERM
is the aerospace industry’s effort to get on top
of this.
The reliability of SnPb interconnections is well
known and meets the requirements of these more
demanding applications. Based on the scientific information available today, there are increased reliability risks in using Pb-free in high-performance
electronics. These risks include the spontaneous formation of tin whiskers from Pb-free tin (Sn) based
finishes, reduced Pb-free solder joint integrity, reduced reliability by cross-contamination between
the different alloys, and the potential component
and board damage from the higher Pb-free processing temperatures.
Most of us know about these problems if
we’re building high-reliability electronics. But
even the consumer guys don’t want reliability
issues. They need their products to be reliable
for at least a couple years, so they have an interest in many of the same issues. Of course,
people don’t die if an iPod stops working (unless it’s my daughter), so the consumer industry doesn’t face these same pressures. They’re
more interested in keeping costs down. Most
consumer electronics don’t have a useful life
beyond five years in any case. They aren’t going
to push their suppliers to ensure reliability 10 to
20 years out. They don’t care.
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it’s worse than i thought continues
Getting Smaller
The drive to get lighter and smaller yet still
be reliable is relentless. This was already putting
pressure on the high-reliability industry before
RoHS. With the great benefits of smaller, lighter and faster come problems. We have smaller
spaces between leads and pads, which makes
it even easier for whiskers to cause shorts and
for voids to appear and joints to crack; smaller
chip geometries (20nm), I’m told, are leading
to long-term reliability issues with the chips
themselves, which is something I wasn’t aware
of. Add to that the problem with tin/lead-based
legacy systems and counterfeit components
and you can see the complexity of the issues.
The 10% Solution
The high-reliability guys are trapped more
and more in the consumer electronics world,
which is driving technology and innovation.
Unless the high-reliability industry gives up on
COTS, they’ll be subject more frequently to the
shortcomings of these technologies as they try
to produce longer-term reliable systems.

If you match up the optimism and futurecasting from a Steve DeWaters article on military photonics to this conversation I had with
the aerospace engineer working in the trenches, there’s a huge gulf. The military has incredible requirements for electronic systems going
forward. The systems are very complex, able
to crunch tons of data, running complicated
battlefield scenarios meshing all types of realtime data into warfighter displays, command
and control systems, weapons and much more.
And, because of the politics and financial pressures associated, that chasm will get bigger and
bigger.
The good news, paradoxically, is that at
some point we won’t be able to build what’s
needed. That’s when we’ll have the attention of
top brass at the Pentagon along with the major
politicians. Based on that early morning conversation, without a crisis, we aren’t going to
be able to bring the resources to bear. Maybe
that’s the way it’s ultimately supposed to happen. Only then will we have the complete attention of all the major players and access to all
the money needed.
What’s Missing?
Courage. There’s a lot of bureaucracy in
these large defense and aerospace companies.
Of course, the Pentagon is one of the inventors
of bureaucratic systems that stifle the creative
and innovative process. So we’re in a tough
spot. Nobody wants to rock the boat, especially when it’s sinking. It seems like a lot of
folks know the boat’s taking on water, but are
content to just float along, continuing to bail
water as needed.
I do hope more folks will step up and talk
about this issue. I know it’s risky for some, but
we have to get on top of it as soon as we can.
We literally have a lot riding on this. SMT
Ray Rasmussen is the publisher
and chief editor for I-Connect007
publications. He has worked in
the industry since 1978 and is
the former publisher and chief
editor of CircuiTree Magazine.
Contact Rasmussen here.
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smt perspectives and prospects

Can Microstructure
Indicate a Good Solder Joint?
Part II
by Dr. Jennie S. Hwang, CEO
H-Technologies Group

Summary: How does one examine solder joint
microstructure? Is the microstructure important?
This month, Dr. Jennie S. Hwang continues a series
that addresses the practical aspects of solder joint
microstructure and what it can tell us about solder
joint reliability.
Last month’s column ended with: “Additionally, the microstructure of the solder joint
is affected by the process used.” This month I’d
like to address the impact of that process.
With all other conditions being equal—the
same solder alloy, the same substrate surface

14
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finishes, and the same components and PCB—
the microstructure of solder joints can indeed
vary with the process parameters. For a given
system, the parameters affecting the formation
of microstructure during the solder joint making process include both heating and cooling
conditions. Let’s look at the heating stage and
the cooling stage separately.
Microstructure Versus Solder Joint
Making Heating Parameters
For the purpose of this discussion, we separate the PCB assemblies into two groups—one
group of assemblies
that are prone to the
formation of intermetallic compounds
(IMCs) at the interface and another
group that are relatively sluggish in the
formation of IMCs
under
commonly
used soldering conditions. For a given
solder alloy, the two
groups are demarcated by the material elements of the surface
finish on the PCB
and
components.
Immersion Sn, immersion Ag, OSP, and
HASL belong to the
former group, and
Au/Ni and Au/Pd/
Ni fall in the latter
group, regardless of
the architecture and

smt perspectives and prospects

can microstructure indicate a good solder joint? part II continues

Figure 1: An SEM micrograph of a 63Sn37Pb solder joint.
type of component or the structure of the PCB
in an assembly. The nature of the substrate and
its metallurgical affinity to solder composition
can affect the development of the microstructure of solder joint.
In the heating stage of a process, key parameters are the peak temperature and the
time above liquidus. A higher peak temperature
and/or a prolonged heating above liquidus temperature will produce excessive intermetallic
compounds at the interface and in the interior of a solder joint for those material systems
that are prone to metallurgical reactions. The
excessiveness can be considered in three structural areas: The interface, the bulk of the solder
joint, and the surface of the solder joint. The
conditions that promote the formation of ex16
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Figure 2: An SAC305 solder joint consisting of
the Sn grains and the CuxSny and SnxAgy IMC
precipitates.

smt perspectives and prospects

can microstructure indicate a good solder joint? part II continues
cessive IMCs increase the IMC thickness at the
interface. When the peak temperature is high
enough, and when the in-liquid state is prolonged, IMCs will grow and migrate toward the
interior of solder joint. As an illustration, in
the case of Sn-based solder on OSP, the CuxSny
compounds (commonly Cu6Sn5, Cu3Sn) formed
at the interface may migrate into the interior
of solder joint, resulting in additional CuxSny
phases in the microstructure.
In extreme cases, IMCs may emerge on the
free surface of the solder, causing the change
in solder joint appearance. This change in appearance is the direct reflection of change in
microstructure. All three mechanisms and phenomena are expected to adversely affect the
solder joint, either aesthetically or mechanically. The mechanical properties in relation with
microstructure will be discussed in a future
column.
Microstructure Versus Solder Joint
Making Cooling Parameters
As to the cooling effect, it is understood that
the faster the cooling rate is applied, the finer
the microstructure will result. For a SnPb eutectic alloy, a slow cooling rate renders the microstructure to approach equilibrium conditions.
The microstructure of eutectic composition
normally consists of the characteristic lamellar
colonies as exhibited in 63Sn37Pb. As the cooling rate increases, the degree of degeneration
of lamellar colony structure increases and colonies eventually disappear. For lead-free, such
as SnAgCu, a faster cooling rate also results in
finer Sn grains.
Although it is generally accepted that a
faster cooling rate creates finer grain (phase)
structure in bulk solders, this general rule is
often complicated by the interfacial boundary
and metallurgical reaction at the interface of
solder joints. Figure 1 is an SEM micrograph
of a 63Sn37Pb solder joint, comprising the
light Pb-rich phase and the dark Sn-rich
phases, and exhibits the compositional
gradient from the interface toward the interior bulk of the solder joint. Figure 2 shows
an SAC305 solder joint consisting of the
Sn grains and the CuxSny and SnxAgy IMC
precipitates.

A Picture is Worth a Thousand Words
A microstructure obtained in the form of
a high-quality SEM or metallographic micrograph fits well the adage: “A picture is worth
a thousand words.” It provides sights and insights into the state of solder joint integrity and
anticipated behavior. SMT
Reference:
1. Dr. Jennie S. Hwang, “Modern Solder
Technology for Competitive Electronics Manufacturing,” Chapter 6, McGraw-Hill, ISBN-0-07031749-6.

Dr. Hwang will present two
lectures on “Array Package
Interconnection: Forward/
Backward Compatibility and
Reliability” and “Preventing
Production Defects and Failures” at SMTA International
Conference on October 15, 2012, in Orlando, Florida.
Dr. Hwang, a pioneer and longstanding
contributor to SMT manufacturing since its
inception as well as to the lead-free development, has helped improve production yield
and solved challenging reliability issues.
Among her many awards and honors, she
has been inducted into the WIT International
Hall of Fame, elected to the National Academy of Engineering and named an R&D
Stars to Watch. Having held senior executive
positions with Lockheed Martin Corporation,
Sherwin Williams Co., SCM Corporation and
IEM Corporation, she is currently CEO of
H-Technologies Group providing business,
technology and manufacturing solutions.
She is a member of the U.S. Commerce
Department’s Export Council, and serves
on the board of Fortune 500 NYSE companies and civic and university boards. She is
the author of 300+ publications and several
textbooks and an international speaker and
author on trade, business, education and
social issues. Contact her at (216) 577-3284;
e-mail JennieHwang@aol.com.
September 2012 • SMT Magazine
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PCB Reliability:
Cleaning Up
Your Act
by Yash Sutariya
Saturn Electronics Corporation/
Saturn Flex Systems

Summary: Bare board cleanliness is a serious
matter, yet also a relatively new issue for the industry. In addition to design, a product’s environment causes ionic contamination to form dendritic
growth. End-users should review both board design and the environment to combat the issue.
I’ve written in the past regarding PCB reliability from a pure fabrication standpoint. Examining the backbone procedures in the fabrication process, we asserted that adherence to
mechanical guidelines insured steadfast boards
in the field. What I did not address, however, is
the impact of surface cleanliness on long-term
reliability in the field. The cleanliness of a completed PCB is crucial.
As pioneering bare board cleanliness researchers would eventually discover, the major source of ionic contamination is the board
itself! A circuit board with high levels of ionic
contamination will result in deteriorated insulation resistance and dielectric strength. This
environment causes dendrite growth across the
surface of the PCB, which will ultimately reduce
the field life of the end product.
Bare board cleanliness is a critical enough issue that some major users of PCBs have specific
requirements for monitoring ionic contamination, and in December 2009 IPC published a
specification dedicated to this topic (IPC-5704).
18
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If cleanliness requirements for unpopulated
PCBs is fundamental enough that the IPC created the 5-32c Bare Board Cleanliness Assessment
Task Group, which then developed the 5704
specification, the industry’s only requirements
dedicated to printed board cleanliness, why
is it not being called out in fabrication notes?
The major source of ionic contamination is the
board itself!
In performing research for this article, I
came to the conclusion that, like any great
product, cleanliness must be properly marketed to achieve success. In many of my customer
meetings, when the team presents how it combats ionic contamination, it’s not surprising to
see many “deer in the headlights” expressions
on visitors’ faces.
Long-Term Impact of Ionic Contamination
Long-term PCB reliability is often measured
by the number of thermal cycles a PCB can pass
without crossing a pre-established threshold
of damage/performance degradation. Others
measure PCB reliability through a cross-section
examination of plated through holes and dielectric. The common theme here is that these
methods are all testing mechanical functions or
properties of the PCB.
With thermal cycling, the test methods are
simulating operation over time through accelerated testing. What this eliminates, though,
is the testing of defects caused by time itself.
One such defect is electrochemical migration,
or dendritic growth.

Figure 1: Time-elapsed footage of dendrite growth on PCB surface.

Dendritic Growth
IPC defines dendritic growth as the growth
of conductive metal filaments on a PCB through
an electrolytic solution under the influence of a
DC voltage bias. Essentially, water absorbs into
the surface of the board over time in operation, possibly connecting near proximity conductors. However, if the PCB surface has excess
ionic contamination, this process is accelerated
via the growth of dendrites, which are metallic
filaments. As dendrites from isolated nets come
into contact with each other on the PCB surface, performance degrades with effects ranging
from intermittent operation to massive shortcircuiting of the PCB.
This, of course, is a very simplified explanation of the failure mechanism. An excellent
paper on this topic, “Electrochemical Migration
on HASL Plated FR-4 Printed Circuit Boards,”
was written by members of the Naval Surface
Warfare Center in conjunction with the University of Maryland.
The earliest information on dendritic
growth via ionic contamination that we have
found comes from the automotive industry.
Historically, the auto industry incorporated
lower-technology PCBs. However, as infotainment and vehicle intelligence requirements
increased, the corresponding designs evolved
to include new technologies which, in turn,
drove down line width and spacing. As spacing
decreased, validation test engineers began seeing higher rates of failure during environmental testing. Through much research, they found

that combinations of poor PCB cleaning and
higher-humidity environments could accelerate these failures, leading to supplier requirements that have, over time, morphed into the
current IPC-5704 specification.
Cause
Dendritic growth is the culmination of
separate events rooted in the PCB fabrication
process.
Since this is a surface cleanliness issue, soldermask plays a key role in dendritic growth.
One of the properties of soldermask is that the
material has pores in the surface. These pores
can act as little “cups” that retain flux used in
the hot air solder levelling (HASL) final finish
process (SnPb and lead-free).
The flux, in turn, is the single largest source
of ion contamination in the PCB fabrication
process. The pores increase the volume of flux
that is retained on the board surface after the
HASL process.
Measurement/Detection
IPC-5704 provides industry guidance on
both testing methods and acceptance criteria
for bare board cleanliness. Through the use
of ion chromatography, IPC-5704 establishes
maximum levels of each component of ionic
contamination, as set forth in Table 1.
Unfortunately, the application of this standard as a method of internal control for PCB fabricators is not widespread due to the equipment
required to provide such detailed test results.
September 2012 • SMT Magazine
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Table 1.
Most PCB fabricators test for total ionic contamination using an ionograph. Obtaining a
detailed breakdown of total ionic contamination for comparison to the above chart requires
the use of an ion chromatograph. Fortunately,
many third-party reliability testing laboratories
offer this as a service for PCB fabricators and
end-users.
Solutions
The easiest solution is to conformal coat
the assembly to freeze these contaminants
in place. For many assemblers, though, this
is not truly the easiest solution due to added
costs and failure modes. The best way to solve
for a dirty board is to clean it well in the first
place.
As with anything, though, getting something clean is easier when it’s less dirty. As such,
we propose a multi-step approach to bare board
cleanliness.
The first step is to address soldermask
pores. An easy method for the PCB fabricator to eliminate, or at the very least
minimize, these pores is to complete the
cross-linking process within the soldermask by applying a UV “bump” to the
PCB during the fabrication process. This
added process step has the effect of

Table 2.
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closing off these pores in the soldermask
surface, eliminating the primary retention
mechanism of flux.
Below are ionic contamination results
of two boards that went through identical
processing with the exception of one having
gone through a UV bump. The other board
was withheld from this process step.
Now that we’ve minimized the opportunities for accumulations of flux, we need to
address cleaning any residual flux from the
HASL process from the surface of the PCB.
This is a two-step method consisting of mechanical obligations corresponding with
chemical specifications.
Mechanical
The mechanical method involves the use
of industry-standard equipment that has been
modified to provide a more aggressive approach
to PCB surface cleaning.
A very robust cleaning unit, in our opinion,
would include (See Table 3 and Figure 2):
The net result of the described process is
to literally heat, beat, and scrub the flux from
the PCB surface. Since industry-standard equipment meeting IPC-5704 standards does not exist, customized, or custom-designed, cleaning
equipment is required.

Cleaning & Coating
pcb reliability: cleaning up your act continues

Table 3.

Figure 2.
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Chemical
Working in conjunction with mechanical
means of cleaning is a chemical additive that
acts as a cleaning agent to break up and disperse flux residue on the PCB surface. Note that
while there may be other alternatives, my company works with EnviroSense’s EnviroGold
cleaning product. I asked EnviroSense’s Mark
Palmer to describe the effect of a cleaning agent
on flux:
Twenty years ago, when EnviroSense Inc. started to sell to PCB fabricators, we found most fab
houses were using city water only to clean HASL
and/or fusing fluxes. Some companies that needed

a higher standard of cleanliness would use powdered detergents such as Cascade dish soap. In
those days the geometries, spacing(s) were much
larger and most PCBs did not have tight vias or
high-density SMT placements. City water and offthe-shelf consumer detergents can contain ionic
materials such as Na, NaCl, P, K, as well as other
unwanted inorganics and organics. They also did
not always rinse completely. Even if the detergents
did rinse well, the subsequent use of city water as
a rinsing media would reapply unwanted ionic
species back on the panel/coupon.
EnviroSense’s products are saponifiers. Saponifiers turn the acids in flux and plating
residues into soaps. The saponification is performed by the mono-ethanol amine (MEA),
and the lowered surface tension is supplied by
the surfactants and glycols contained in our
chemistry. All these combined compounds will
attack the residues by chemical dissolution
along with undermining/lifting these contaminants from the surfaces being cleaned. The
chemical properties of these compounds are highly
water-soluble in the rinsing process.
Today cleaning chemistry needs to meet the
following criteria:
• Low surface tension: Able to lower the
wash solution to under 35 dyne per cm;
• Extremely hydrophilic: Able to be rinsed
after wash section;
• Biodegradable;
• Ease of disposal, pH adjust and/or
treatment;
• Low foaming;
• Non-flammable;
• Health and safety compliant;
• Low volatile organic compounds (V.O.C.s);
• Low odor;
• In a high concentrate form (so customer is
not paying freight for water content); and
• Have a good “loading” (how much flux
residue it can clean per panel/coupon per
gallon of concentrate used.
Even if a chosen chemistry meets all of the
above, the cleaning machinery’s layout is just as
important. The following are basic parameters
for a good layout:
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Fixed die technology
The Pinlam PE4 maximizes
accuracy and improves yield of
multilayer production.
Designed for simplicity, easy to
use and maintain, set up is
simplified, making the Pinlam
PE4 much faster and easier.

Contact Gary Weidner
+1 269 962 2231
gweidner@capicard.com

Cleaning & Coating
pcb reliability: cleaning up your act continues
• Deionized water—8 meg-ohm or better for
both wash chemistry mixing and for the
subsequent rinsing processes.
• A minimum of two “cascading forward”
rinse sections between/after any chemical
wash or plating section(s). This will
minimize cross-contamination of
section(s).
• Temperature capability, from 50°C to 70°C
for both wash and rinse section(s).
• Enough cleaning and rinsing space to
accommodate the needed throughput
per minute, per hour, per day for particular
product.
• Pumps and pump heads (designed in
prior) to allow for needed delivery volume
and pressures of wash and rinse sections.
Conclusion
Bare board cleanliness is a serious matter
and also a relatively new issue. In addition to
PCB design, the product’s environment causes
ionic contamination to form dendritic growth.
PCB end-users should review their designs and
the environment in which the boards will be
used. Based on positive findings, specifications
should be modified to include adherence to

“Breathing” Battery Saves
Energy for a Rainy Day
A new low-cost, “air-breathing” battery has the
capacity to store between eight and 24 hours’ worth
of energy. The rechargeable and eco-friendly battery
uses the chemical energy generated by the oxidation
of iron plates that are exposed to the oxygen in the
air—a process similar to rusting.
“Iron is cheap and air is free,” says Sri Narayan,
professor of chemistry at the University of Southern
California (USC). “It’s the future.”
Iron-air batteries have been
around for decades—they saw a surge
in interest during the 1970s energy
crisis, but suffered from a crippling
problem: A competing chemical reaction of hydrogen generation that
takes place inside the battery (known
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IPC-5704. This will minimize the risk of latent
field failures due to ionic contamination-related
dendrite growth.
Finally, on-site auditing of PCB suppliers is
recommended since industry-standard equipment and cleaning methods generally do not
have enough effectiveness on the PCB to meet
IPC-5704. SMT

Yash Sutariya is vice president
of Corporate Strategy at Saturn
Electronics Corporation (SEC)
and owner/president of Saturn
Flex Systems, Inc. Since joining
the team, SEC has successfully
navigated from a low-mix,
high-volume automotive supplier to a highmix, medium- to high-volume diversified supplier. As a result of the company’s transformation, manufacturing capabilities now range
from quick-turn prototypes to scheduled
volume production while attending a broad
cross-section of industries to include industrial
controls, telecommunications, aerospace, and
power supply industries.

as hydrolysis) sucked away about 50% of the battery’s energy, making it too inefficient to be useful.
Narayan and his team managed to reduce the
energy loss down to 4%—making iron-air batteries that are about 10 times more efficient than their
predecessors. The team did it by adding very small
amount of bismuth sulfide into the battery. Bismuth
(which happens to be part of the active ingredient
in Pepto-Bismol and helps give the pink remedy its
name) shuts down the wasteful hydrogen generation.
Adding lead or mercury might also have worked
to improve the battery’s efficiency, but wouldn’t have
been as safe, Narayan says. “A very small amount of
bismuth sulfide doesn’t compromise on the promise
of an eco-friendly battery that we started
with,” he adds.
Despite his success, Narayan’s work is
still ongoing. His team is working to make
the battery store more energy with less
material.
To view the full article, click here.
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Maintaining OSP Coating Integrity
During the Cleaning Process
by Umut Tosun, Naveen Ravindran,
and Michael McCutchen
ZESTRON America

Summary: OSP is a reliable surface finish
method, but care must be taken during the SMT
process to minimize surface thickness degradation,
particularly due to reflow and cleaning. The results
of this study detail the effect of chemically-assisted
cleaning on OSP film thickness.
During the PCB manufacturing process,
exposed copper traces must be treated with
an anti-corrosion coating. Traditionally, it is
coated with solder by hot air solder leveling
(HASL). The HASL finish prevents oxidation of
the underlying copper and therefore guarantees
a solderable surface. Although this is a sound
approach, organic solderability preservatives
(OSPs) have become prevalent in the electronics industry as an alternative to the HASL process. Even though this is a reliable surface finish method, care must be taken during the SMT
process to minimize surface thickness degradation, particularly due to reflow and cleaning.
Although OSP film integrity can be affected
by various handling and processing procedures,
this study focused on the potential removal of
OSP through the use of a chemically assisted
cleaning process. Many equipment options are
available for cleaning PCBs; however, for purposes of this study, a spray-in-air inline cleaning
system was selected. Additionally, two different cleaning agents varying in alkalinity values
were used. Variables monitored for their effect
on the OSP film thickness included concentration and temperature of cleaning agent and
conveyor belt speed, i.e., time of exposure to
cleaning agent.
Finally, OSP coupons identified for this test
were sourced from two different manufacturers.
Film thickness was measured prior to processing to confirm a baseline thickness. The cou28
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pons were reflowed using a lead-free profile.
Subsequently, the film thickness was rechecked
prior to cleaning to confirm any OSP change resulting from reflow as well as to re-define the
baseline film thickness prior to cleaning.
The results of this study detail the effect of
chemically assisted cleaning on OSP film thickness and quantify the impact of key variables.
Introduction
In general, thin film coatings are used to increase solderability as well as act as an oxidation inhibitor for the copper leads. While OSP
is viewed as a viable alternative to the HASL
process, thinning of its protective coating can
occur at various stages throughout the SMT
process and particularly through reflow and
cleaning.
Today, a typical cleaning process involves
the use of water-based organic chemicals in a
spray-in-air system. This study focused first on
determining the effect of reflow and secondly,
the effect of the cleaning agent on OSP thinning, irrespective of solder pastes. Compatibility of the cleaning process (cleaning agent
+ process parameters) with the OSP layer will
determine flexibility of the cleaning process in
terms of effectively removing various types of
flux residues.
A design of experiment (DOE) was developed to explore the main factors affecting an
OSP layer, including reflow and cleaning. Additionally, this study focused on optimizing
the cleaning process in order to maintain OSP
integrity. Conclusions were drawn based on
changes in the OSP film thickness.
Design of Experiment
The main goal of this study was to determine the effect of the cleaning agent on OSP
thinning. Two cleaning agents were selected
and are identified as follows:
Cleaning Agent 1: Traditional surfactant
based—Several surfactant molecules are required to bond to one residue molecule.
Cleaning Agent 2: Dynamic surfactant
based—Branch-like structure requiring fewer
active ingredient molecules to bond to multiple
residue molecules.

Cleaning agent
Concentration
Wash temperature

Conveyor belt speed/
exposure time

1
Traditional surfactant
2	Dynamic surfactant
3
10%
4
15%
5
120°F
6
135°F
7
150°F
8
1ft/min/3min
9
2ft/min/1.5min
10 3ft/min/1min

Table 1: Test variables.
Also, it should be noted that Cleaning
Agent 2 includes inhibitors with the same functional group as the OSP coating. Thus, the authors hypothesized that the effect on OSP layer
due to the cleaning agent itself would be minimal.
Test vehicles used were high-temperature
OSP-coated copper coupons and were sourced
from two different vendors.
The DOE developed included 10 variables.
Given the interest in determining the most influential variable, the authors decided to use a
full factorial matrix design. Therefore, a total of
36 tests were conducted (Table 1).
Test evaluation methodology and technique:
• OSP thickness measurements were taken
using a Filmetrics F-42OSP measurement system [1]. Film thickness was determined by taking three measurements from each coupon at
various locations and averaging the values for
use in the thickness analysis.
• The OSP layer thickness was measured before and after reflow to determine the effect of
reflow. Since all OSP coupons were reflowed for
this DOE, post-reflow film thickness was used as
the baseline for analysis following the cleaning
process.
• Test results were analyzed using Minitab
Statistical Software generating a quantitative
comparison of all variables with main effects
and interaction plots (Figures 1-4).
Test protocol:
• The OSP coupons were reflowed using a
typical lead-free profile prior to cleaning to simSeptember 2012 • SMT Magazine
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ulate a worst-case scenario. The peak temperature achieved was 245°F.
• All coupons were cleaned in a spray-in-air
inline cleaner.
• Each trial within the DOE matrix was conducted using two coupons from each vendor for
test repeatability of results.
The following cleaning equipment process
parameters were maintained constant throughout the DOE (Table 2).

Cleaning Process:
Wash Pressure (Top/Bottom) 140 PSI/120 PSI
Rinse:
Rinsing Agent	DI-water (all sections)
Rinse Section Pressure
100 PSI/80 PSI
Rinse Temperature
150°F/65.5°C
Final Rinse Flow Rate
2 gal./min.
Final Rinse Temperature	Room Temperature
Drying:
Drying Method	Hot Circulated Air
Drying Temperature
160°F/71°C

Results and Analysis
The effect of reflow on the OSP layer:

Table 2: Cleaning process.

• The OSP-coated coupons from the two different vendors yielded dramatically different
results with regard to film thinning following
reflow. The OSP layer was thinned by 3.67% on
Vendor A coupons and 47.47% on Vendor B
coupons. Thus the OSP vendor must be careful-

ly considered and their product evaluated in order to minimize the OSP thinning after reflow.
• Since all the coupons were reflowed for
this DOE, the OSP thickness post-reflow was
used as the baseline for judging the impact of
the cleaning process post-reflow.

Figure 1: Main effects plot; Vendor A coupon.
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Figure 2: Interaction plot; Vendor A coupon.
Vendor A Coupon Analysis
For this OSP type, the main effects plot
clearly indicated that cleaning agent selection
had a major impact on film reduction. Dynamic surfactant is clearly the preferred cleaning
agent.
Additionally, the OSP layer was negatively
impacted as the concentration and temperature
were increased and the belt speed was decreased.
Best results were achieved with the following process settings (Figure 1):

based on the difficulty of solubilizing the flux
residues.
Additionally, this plot demonstrates that
lower temperatures and faster belt speeds (shorter wash time) reduce the impact on the OSP layer. However, even the most aggressive parameters, i.e., 15% concentration, 150°F wash temperature and 1ft./min. belt speed, resulted in a
significantly lower percentage of OSP reduction
with the dynamic surfactant as compared to the
traditional surfactant cleaner.

• Concentration: 10%
• Temperature: 120°F
• Belt Speed: 3 ft./min. (1 min. exposure
time)

Vendor B Coupon Analysis
Once again, the main effects plot indicates
that cleaning agent selection had a major impact on film thickness reduction and the dynamic surfactant was clearly the preferred
cleaning agent. With regard to the remaining
variables, there was no significant impact on
the OSP layer (Figures 3 and 4).
However, it should be noted that with this
coupon, the film integrity was greatly affected
by the reflow process itself.

The interaction plot (Figure 2) reinforces
that the dynamic surfactant is the preferred
cleaning agent. The concentration of the dynamic surfactant has minimal impact on the
OSP coating. This is critical since it allows for
flexibility in selecting the concentration level
32
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Figure 3: Main effects plot; Vendor B coupon.

Figure 4: Interaction plot; Vendor B coupon.
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Conclusion
As demonstrated through this DOE, not all
OSP finishes are the same and film thickness can
be greatly affected by reflow and cleaning processes. Vendor A’s OSP-coated coupons resulted
in far less film thinning across all parameters.
With regard to OSP thinning resulting from the
cleaning agent, the authors’ original hypothesis
proved true. Cleaning agent type proved to be
most critical and clearly the dynamic surfactant
based cleaning agent was preferred. Thus, when
properly selected, the cleaning agent can minimize the effect on OSP stability while offering a
wide process window with respect to concentration, temperature and exposure time. This is a
critical consideration for the electronics manufacturer. SMT
Reference
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Video Interview
Ascentech Unveils Large-Format Cleaning Machine
by Real Time with...
IPC APEX EXPO 2012

Randy Allinson offers Guest
Editor Steve Gold a look at
his company’s new Gen3
cleaning machine, a largeformat, quick-regenerating
piece of equipment attracting industry attention.

Click

realtimewith.com
To View
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Figure 1: High-tension
starter coils potted
with a two-component
epoxy system.

Selecting
the Right Potting
Compound for Your Application
by Craig McClenachan, Fabrico
and Jim Stockhausen
ELANTAS PDG, Inc.

Summary: Many questions arise when trying to
select an appropriate potting compound. An experienced materials expert can help identify the primary
concerns, recommend materials, provide testing of
the materials, and offer information on dielectric
strength, adhesive characteristics, thermal conductivity, and more, through the testing process.
Potting materials for electronics and electrical equipment industries cover a device or component to protect it from the surrounding environment. Embedding a device or component
in a compound can secure it in the assembly, as
well as protect it from moisture, and electrically
insulate it so that it will perform as designed.
Potting gets its name from the use of a “pot,”
case, or shell that surrounds the device, into
38
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which the liquid potting material/compound is
introduced. Potting can be performed manually
or using automated meter-mix-dispense (MMD)
equipment.
Potting Considerations
Selecting the appropriate potting compound for your application prompts the following questions:
• What kind of device/component will be
potted? What is the volume of the cavity,
or pot, being filled (shot size)?
• Is the device an electronic part,
transformer, high-voltage component?
Knowing the part characteristics is the first
step in selecting the potting compound.
While one material might be fine for an
electronic part, it may not have the dielectric properties or thermal conductivity
necessary for a high-voltage application.

• What will the operating environment be
like? Hot? Cold? Will there be exposure to
moisture? Solvents or other chemicals?
Vibration?
• What is the acceptable curing time or gel
time? What is the curing mechanism?
UV? Room temperature? Oven?
• What are the adhesive characteristics
required by the application? Durable hard
bonding? Flexible bonding?
• What is the coefficient of thermal
expansion (CTE) of the potting
compound?
CTE of differences between potting
compounds and components may cause
stress or even fracturing of fragile
component parts.
• Will the potting compound be applied
manually or as part of an automated
process? How many parts will be made
per hour? What is the shot size?
• Will the material need to be flameretardant?
• What is the desired hardness of the cured
compound?
• What is the overall cost? Component
parts? Compound? Final product?

Figure 2: Example of a two-component polyurethane system offering electronic protection of
the circuit board within the housing, which can
be found in applications such as automotive electronics, sensors and actuators, or safety devices.

Types of Potting Compounds
There are a variety of potting and encapsulating compounds to consider. The most popular are: epoxy, hot melt, unsaturated polyesters,
urethanes and silicones.

temperatures up to 220°C. Epoxies are very
predictable and stable before, during, and after
processing. In addition, they offer good chemical resistance with the exception of acids. They
provide excellent strength and adhesion, especially to metals and porous surfaces. Moreover,
they have a full range of hardened properties
depending on the formulation. UV cure versions are available.
Standard rigid epoxies are not well-suited
for high-impact applications, unless flexibilizers are added to their formulations. Small
cracks in a hardened epoxy can become large
and easily spread. They are not well suited for
PCBs with surface mount technology (SMT)
components because they can be too rigid once
cured. They do not bond well to flexible plastics
and, when bent, the bond can be easily broken.
They do not work well with low surface energy
(LSE) plastics, as they do not adequately wet
the plastic.

Epoxy
The thermal properties of epoxy allow it
to work well in applications where it may be
exposed to temperatures from 125°C to 155°C.
In some cases, there are specially formulated
epoxy systems that can be exposed to higher

Hot Melt
Hot melts are easy to use, fast to set, and
provide great gap filling. They can be easily removed for repair and rework. They have low
heat resistance but good solvent resistance.
Hot melts can be polyamide, polyurethane,

These are just a few examples of the considerations to be examined during the potting
compound selection process. An experienced
materials expert can help to identify the primary concerns, recommend materials, provide
testing of the materials, and offer information
on dielectric strength, adhesive characteristics,
thermal conductivity, and more, through the
testing process.
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and polyolefin based. They have a low viscosity
when applied at an elevated temperature and
they set at room temperature. The polyolefinbased hot melts can be used with LSE plastics
that are hard to bond.
Hot melts have a fast average set time of 60
seconds and an unlimited depth of application.
They are a cost-effective material
Unsaturated Polyester Resin
Unsaturated polyester resins are commonly
used in electrical potting applications. The formulas’ mechanical characteristics range from
flexible to rigid and can be used in at temperatures up to 180°C. Chemical resistance of these
materials is fair. Their adhesion to metals is
good. Their applied cost is made more economical with the addition of inorganic fillers. The addition of fillers reduces shrinkage during cure.

Urethanes
Urethanes have a broad range of hardness characteristics. With a glass transition
temperature (Tg) below -40°C, urethanes are
a good choice for PCBs with SMT. Gel times
can be easily changed with different formulations to speed up the process. They are
suitable for use in applications with operating temperatures up to 130°C. Some specially
formulated urethanes can withstand operating temperatures up to 150°C. Chemical resistance is good; however, they cannot be totally immersed in chemicals without failure.
They do not work well with low-surface-energy (LSE) plastics, as they do not adequately
wet the plastic.
Urethanes can be rigid to flexible and cure
at room temperature. They are ideal for potting
applications that require flexible bonds.

Figure 3: Examples of two-component epoxy or polyurethane systems used in potting components
such as EMC filters, capacitors, power semiconductors or LED displays.
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Silicone
Silicone is adaptable to temperatures
ranging from -65°C to 200°C. It has a Tg of
-40°C, making it a good match for SMT applications. They provide a soft, flexible bond that
can be UV cured. Solvent resistance is good, and
silicone has a shallow depth of cure and low
strength. Adhesion without a primer can sometimes be a problem. High cost is the biggest issue
with silicone. It does not work well with LSE plastics, as they do not adequately wet the plastic.
UV Curing Materials
Advances in UV curing are allowing design
engineers to use different materials for given applications. UV curing materials cure, or harden,

when exposed to UV light. The benefits of UV
curing include:
• Faster curing: Reducing curing time from
hours to minutes or seconds.
• One-component solution: Eliminate twocomponent handling and mixing waste.
• Longer work times: No time constraints
on their use.
UV light sources should be selected for power, spectral output, distance to the substrate,
and age of the lamp. High-intensity lamps produce more UV for faster cures, but they also increase heat and are not recommended for heatsensitive applications.

Figure 4: Small transformers potted with a two-component epoxy system.
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Applications for Potting
Numerous potting applications exist, including:
• Aerospace;
• Automotive;
• Industrial;
• Optical;
• Lighting;
• PCB protection; and
• Electronics.
As design engineers in all of these industries
continue to make electronics assemblies that
are denser and more powerful, the right selection of potting compounds for the application
is more important than ever.
Working with an Experienced
Materials Specialist
An experienced materials specialist can help
design engineers test the materials for a specific
application. This expert can investigate the appropriate potting formulations that will work
with the substrate, end-use, and manufacturing process. With an in-house test laboratory,
an experienced materials specialist and flexible
materials converter, like Fabrico, can look at alternative compounds based on the customer’s
specifications.
A materials specialist should offer full integration with the customer’s engineering staff,
including 2D and 3D CAD design capabilities,
integration of the customer’s electronic drawings, and rapid prototyping capabilities for
thorough design vetting before manufacturing.
In addition, the materials specialist should
be able to qualify materials and compounds
based on in-house laboratory testing for:
• Temperature resistance;
• Performance at upper temperature limits;
• Shear, tensile, and peel strength;
• Outgassing;
• Dielectric strength and electrical
conductivity; and
• Thermal conductivity.
For potting compounds, a materials specialist must be able to provide packaging/repackag44
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ing to fit the customer’s manufacturing process,
including:
• Tubes, cartridges, cans, and bottles;
• Single- and dual-component cartridges;
• Custom blending of fluids, fillers, and
solvents;
• Precise pre-mix, pour-measure, and
air-free materials;
• Dispensing and curing equipment and
supplies; and
• Assembling, kitting, and custom
packaging.
In addition, ongoing materials and compounds research will discover new solutions for
customer applications in potting and encapsulating. SMT
Craig McClenachan has held
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given the additional responsibility for developing the company’s
Advanced Assembly Business Unit
for high-value material and adhesive applications. McClenachan received a Master of Arts in
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Stockhausen received his BA in Chemical Engineering from the University of Tennessee and a
MBA from Washington University in St. Louis,
Missouri.

Top Ten Market News
Highlights
Smartphone Shipments to Jump
31.6% in 2012
According to TrendForce, in 2012 smartphone shipments are projected to reach 606 million units, a
31.6% increase compared to last year; tablet shipments are forecast at 94 million units, a 69% increase. Desktops and notebooks are expected to see
less than 5% yearly shipment growth, to 146 million
and 206 million, respectively. Undeniably, desktops
and notebooks are no longer in the spotlight; smartphones and tablets have taken center stage in the
technology industry.
Automotive IC Market to Grow
8% to $19.6 Billion in 2012
IC Insights forecasts the automotive IC market will
grow 8% to $19.6 billion in 2012, up from $18.2
billion in 2011. Furthermore, the company also forecasts the automotive IC market will grow to $27.3
billion in 2015, which represents average annual
growth of 11% from 2011-2015.
Semiconductor Capital Spending
Trend Update
Though only six companies are expected to increase
their capital spending this year, the total semiconductor capital spending forecast figure for 2012
was raised to $63.3 billion from $60.7 billion and
total 2012 semiconductor industry capital expenditures are now forecast to decline only 3% this year
as compared to the previous expectations of an 8%
decline.
IDC: Global Chip Revenues
Reach $315B in 2012
Semiconductor revenues worldwide will grow 4.6% in
2012 to $315 billion according to the mid-year 2012
update of the Semiconductor Applications Forecaster
(SAF) from International Data Corporation (IDC). The
SAF also forecasts that semiconductor revenues will
grow 6.2% to $335 billion in 2013 and grow at a
compound annual growth rate (CAGR) of 4.8% from
2011-2016, reaching $380 billion in 2016.
Consumer Tech Spending to Reach
$2.1T in 2012
Consumers will spend $2.1 trillion worldwide on
digital information and entertainment products and
services in 2012, according to Gartner, Inc. This
amounts to a $114 billion global increase compared
with 2011, and spending will continue to grow at a
faster rate than in the past, at around $130 billion a
year, to reach $2.7 trillion by the end of 2016.
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Global Mobile Phone Shipments
Hit 362M Units in Q2
Alex Spektor, associate director at Strategy Analytics, said, “Ongoing macroeconomic challenges in
mature markets like North America and Western Europe, tighter operator upgrade policies, and shifting
consumer tastes were among the key reasons why
global mobile phone shipments grew just 1% annually to reach 362 million units in Q2 2012. Fuelled
by surging demand for its popular Galaxy models,
Samsung was the star performer, shipping 93 million
mobile phones worldwide and capturing a record
26% market share to solidify its first-place lead.”
Global Tablet Shipments Up in Q2;
Apple iPad Lands 68% Share
According to the latest research from Strategy Analytics, global tablet shipments reached 25 million
units in the second quarter of 2012. Apple rose to
68% global market share, its highest level for almost
two years. Microsoft tablets remain niche, but attention is turning to the upcoming Windows 8 launches.
Wireless Drives Growth of
Semiconductor Market in 2012
Semiconductor revenue in the wireless communications category for 2012 is projected to reach $72.6
billion, up 10.4% from $65.8 billion in 2011, according to an IHS iSuppli Global Semiconductor Manufacturing & Supply Market Tracker report from information and analytics provider IHS.
Consumers More Confident About
Overall Economy
Consumer confidence about the overall economy
increased in July, according to the latest CEA Index
released today by the Consumer Electronics Association (CEA®). Consumer confidence in technology
fell from last month, but it was the second-highest
recorded level for July since the creation of the CEA
Index.
Price Drop of Electronic Components
Spur Buying Opportunity
Pricing for widely used components including capacitors, crystals, filters, magnetics, oscillators, and PCBs
all are set to decline at above-average rates in the
third and fourth quarters. “Electronic component
pricing typically is stronger in the second half of the
year, as suppliers strategically boost prices to take
advantage of strong demand during the back-toschool and holiday build seasons,” said Rick Pierson,
principal analyst, semiconductor pricing, for IHS.
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Ionic
Cleanliness
Testing:

Dendrite.

The Ultimate Process
Optimization Tool
by Gregory Alexander
Ascentech, LLC

Summary: If you want to know how robust
your product is before it goes into the field, you
need to know how clean it is. If it isn’t as clean
as it should be, there’s a problem upstream in the
manufacturing process that needs correcting.
The ROSE Test
Cleanliness testing of PCBs, once of critical
importance during the reign of highly-activated
fluxes, has become vital again with the conversion to lead-free soldering alloys and the threat
of tin whisker and dendritic growth occasioned
by the use of high-tin content solders.
Cleanliness of PCB assemblies is easily and
accurately measured through the use of a contaminometer, a test machine that complies
with IPC-TM-650 2.3.25, the resistivity of solvents extracted (ROSE) test. This quick and easy
test of no more than 15 minutes, on average,
can be directly used to control a process, because the test results will indicate that a process
is either healthy, or veering out of control. The
ROSE test method is designed to determine the
proportion of ionic residues present on a circuit
board, electronic component or assembly that
are deleterious to the intended electrical performance. Thus, ROSE ionic cleanliness testing is
a process optimization tool and a good way to
ensure that electronic products will be robust
and reliable in the field.
Why is ROSE Testing Needed?
Lead-free soldering, continuing circuit miniaturization, and evermore hostile operating
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environments for electronics conspire to demand cleaner assemblies. Typical service environments expose the circuit to humidity and,
with the presence of electrical bias, excessive
ionic contaminants on an assembly will cause
problems such as shorting between board traces
due to electrolytic dendrite growth, erosion of
conductors, or loss of insulation resistance. Increased miniaturization means shorter spaces
between component leads; tin whiskers have a
shorter distance to grow, and thus cause failure
of the circuit sooner. More compact assemblies
with smaller clearances are tougher to clean,
and tougher to inspect for residues such as entrapped flux.
If you want to know how robust your product is before it goes into the field, you need to
know how clean it is. If it isn’t as clean as it
should be, then there is a problem upstream
in the manufacturing process that needs correction, so that high or unacceptable levels of
ionic contamination are not present on an assembled PCB when it’s shipped.

Sources of Ionic Contamination
Common sources of ionic contamination include etching, plating, tinning or leveling residues, poor soldermasks, undercured permanent
or temporary solder masks, dust, moisture, oil
pollution from finger prints, component packaging materials, and machine maintenance oils
(especially from wave soldering conveyors).
And remember that when we talk about “cleanliness” testing, we’re only talking about ionic
contaminants, not overall cleanliness of the
board. Many other types of contaminants can
be present on a board, such as surfactants and
even dirt, that have no ionic reactivity.
Lead-Free Soldering
The most popular choice among manufacturers moving to lead-free soldering is
Sn96.5Ag3.0Cu0.5. This ternary alloy melts at
219°C—far higher than the 183°C of eutectic
tin/lead. The implications of this higher melting point are many, but in essence, the effect is
to almost vitrify the undesirable residues and
thereby increase the cleaning challenge. Because there is much less tolerance in the leadfree soldering process, dirty boards that could
have once been soldered by using a more aggressive flux can no longer be tolerated.
Measuring the cleanliness of bare boards
with ROSE testing ensures that those entering
the process have the best chance of soldering
without problems. The test also provides good
feedback of many other process parameters,
such as how well the storage process is working. Test results will quickly identify trends in
the manufacturing process that can be altered
before they become a problem. For example, if
flux composition begins to stray from the optimum, the residues on the board will begin to
change. The sensitivity of the contaminometer
is such that this change will be detected well
before soldering is affected.
Keeping “No-Clean” Honest
ROSE testing is required by DOD/MIL/IPC/
and most customer specs, but more importantly, it is a powerful process optimization
tool because undetected ionics (salts) on PCBs
can lead to adverse electro-chemical reactions.
If you want to be sure your conformal coating

remains attached, you must ensure board cleanliness. As Dr. Jack Brous summarizes in Circuit
Board Ionic Cleanliness Measurement: What Does
It Tell Us? [1], “This (ROSE) test can be used as
a periodic check of the ability of the ‘no-clean’
process to leave residue amounts in a consistent range below levels that can seriously affect
electrical characteristics. Significant increases
of ionic levels, in a periodic testing program,
would then indicate changes in the process
which result in heavier residue levels and their
associated effects on the electrical characteristics of the board surface.”
Test Solutions
Contaminometer systems employ a test solution that is a mixture of isopropyl alcohol
(IPA) and deionized water polished via a mixedresin filter bed comprising chelate-cation-anion
resins. The resistivity of the test solution is measured before, during and after the test. The results are calculated to an equivalency factor of
salt expressed as: < x μg/cm2 Ξ NaCl. The test
solution temperature and resistivity value at
start should be tared (zeroed).
Alcohol and deionized water is employed
because salts dissolve in water and alcohol dissolves substances that are not readily watersoluble (such as rosin-based fluxes). The ratio
is essentially 75% propan-2-ol (IPA) with 25%
deionized water. But there are arguments in favor of a 50-50 ratio of IPA to water.
ROSE Tester Operation
While the science behind contaminometers
is complex, operation needn’t be. This is especially important if the equipment is going to
be used as a process monitoring tool. In this
situation, the machine likely will be operated
by unskilled personnel. Modern machines are
designed so that the only manual task is to insert the PCB at the beginning of the test and to
remove it at the end. All other test cycle operations are automated.
Typical testing starts with tank fill and solution preparation. The solution is pumped
through a mixed-bed ion-exchange column
until it reaches ultra-low conductivity. It is
then homogenized. A mixed-resin filter strips
out ionics as they pass through the medium.
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The test tank and its contents are
quickly. Information is presented
cleaned to a determined conducgraphically, and it can be used
tivity level, expressed as microsiefor statistical analysis and process
mens (μS).
optimization. The degree of conTo test, an operator inserts the
tamination directly correlates to
test piece, causing a volume of
the likelihood of a bare board sucsolution to overflow into a calicessfully soldering or an assembrated tank for measurement; the
bly being soldered at less-thansolution is pumped across the test
optimum process parameters. Test
piece via the measuring cell and
results also can indicate whether
the rise in conductivity is monithe assembly is likely to suffer a
tored. The test ends either at a
field failure when exposed to conpreset time limit or when the conditions that promote growth of
ductivity level rises less than 1%
dendrites.
of the absolute value over a periIn an age where adherence to
od of 48 seconds. Results are prolegislation, stringent process concessed and analyzed via onboard
trols, high throughput of quality
computers.
products, and low consumer tolThe dissolved ionic substances
erance of failures pressure manuDetail
of
a
dendrite.
alter the conductivity of the test
facturing, the contaminometer is
solution; the test equipment prea reliable tool that makes this job
cisely measures the change and expresses it
easier. More should be done to further develop
as μg/cm2 Ξ NaCl equivalence. The measureboth the test and the testing system to meet
ments are made in accordance with IPC/ANSI-Jemerging challenges. SMT
STD001D and UK DEF-STD, and other internaReferences
tional specifications.
1. Dr. Jack Brous, “Circuit Board Ionic CleanA contamination test system uses either a
liness Measurement: What Does It Tell Us?”
static or dynamic test method, but the termi1994.
nology “open loop” versus “closed loop” would
2. Graham Naisbitt, “Cleanliness Testing on
be more appropriate. Static or open-loop testthe Shop Floor,” SMT Magazine, March, 2008.
ing takes a predetermined volume of solution
3. Graham Naisbitt, “How Clean Is Clean?
to carry out the test. Dynamic or closed-loop
Cleanliness Testing Moves from Lab to Shop
testing recirculates the total volume of solution
Floor.”
to a given surface test area. In operation, the
4. Randy Allinson, Ascentech LLC, “Help
tester automatically repurifies the solution each
With Ionic Cleanliness Testing – 101.”
time a new test is run, using a regeneration or
deionizing cartridge.
Some machines use a solid gold measuring
Gregory Alexander has spent 15
cell, ballistic amplifier, and a vigorous pumping
years in electronics design and
system to achieve measurement accuracy at low
manufacturing for military and
conductivity values. The machine is designed
medical instrument companies.
to avoid any polarization effects between elecFor the past 20+ years he has
trodes that might otherwise occur when using
been in sales and marketing roles
DC test currents. Error signals caused by DC
for Tektronix, Mentor Graphics, and, most
and AC currents are eliminated.
recently, Probot as director of sales. He is currently a partner and CTO for Ascentech LLC,
Conclusion
and is an active member of IPC standards comA contaminometer using ROSE testing is acmittees for solderability, SIR and CAF test, and
curately and reliably able to measure contamiionic contamination test.
nation levels on bare boards and assemblies
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Cleaning & Coating

Facts About
HCFC-225
Usage Ban
In 2015
by Lindsey Shehan
Techspray

Summary: The timeline for phase-out of hydrochlorofluorocarbons (HCFCs) was created in
1997, per the Montreal Amendment. To meet the
90% total reduction requirement for all HCFCs by
2015, this phase-out is now underway.
In 1974, Sherwood Rowland and Mario Molina discovered that chlorofluorocarbons (CFCs)
were depleting the ozone layer. In 1995, the
pair received the Nobel Prize in Chemistry for
this work. In response, the United Nations Environment Programme (UNEP) called an international conference to discuss the issue. Shortly
thereafter, the U.S. banned all non-essential
uses of CFCs as propellants in aerosols. In 1987,
the Montreal Protocol on Substances That Deplete the Ozone Layer was signed by 24 countries, requiring all developed countries to begin
the phase-out of CFCs by 1993 and reduce CFCs
to 50% of the baseline (1989 amounts) by 1998.
Since 1987, more than 190 countries have
signed this treaty (United States Environmental
Protection Agency Office of Air and Radiation,
2007).
A timeline for the phase-out of hydrochlorofluorocarbons (HCFCs) was created in 1997
per the Montreal Amendment. To meet the
90% total reduction requirement for all HCFCs
by 2015, HCFC-225 is now being phased out
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(United States Environmental Protection Agency, 2010).

due to the ozone depleting potentials of HCFC225ca and HCFC-225cb, 0.02 and 0.03, respectively, it is now being phased out (Daniel, et al.,
2007).

How is the HCFC-225 Phase-Out Defined?
The Clean Air Act addresses the phase-out
of HCFC-225 in section 605(a). The first part
What are Replacements for HCFC-225?
covers the restriction of use and states, “EffecIn 1994, the EPA implemented the Signifitive January 1, 2015, it shall be unlawful for any
cant New Alternatives Policy (SNAP) program to
person to introduce into interstate commerce or
assist in the transition to “safer, practical, and
use any class II substance unless such substance
economically feasible alternatives across multihas been used, recovered, and recycled; is used
ple industrial, consumer, and military sectors.”
and entirely consumed (except for trace quantiThe SNAP program either accepts or rejects poties) in the production of other chemicals; or
tential substitutes using the following process.
is used as a refrigerant in appliances manufacFirst, manufacturers submit information on
tured prior to January 1, 2020.” In this case,
substitutes to the EPA. The EPA then reviews
“use” refers to the use of the controlled subthese substitutes in terms of their health and
stance (HCFC-225) and not to finished products
environmental effects; the substitute’s ozone
containing HCFC-225. Therefore,
depleting potential, global warming
end-users may use, and continue
potential, toxicity, and flammato purchase, products containbility are considered. After the
ing HCFC-225 made before
substitute has been reviewed,
To date, the EPA
January 1, 2015. After that
the EPA issues a listing for the
date, manufacturers of prodsubstitute. To date, the EPA has
has approved more
ucts containing HCFC-225 can
approved more than 300 subthan 300 substitutes stitutes for more than 60 differonly make these products if
the HCFC-225 has been used,
ent uses. Potential substitutes
for more than
recovered, and recycled.
for HCFC-225 include DuPont
Vertrel solvents, n-Propyl Bro60
different
uses.
What is HCFC-225?
mide, Trichloroethylene, 3M
HCFC-225 is a mixture of two
HFEs, and Techspray’s Precisionisomers, HCFC-225ca and HCFCV solvents (United States Environ225cb. A common source of HCFCmental Protection Agency, 2010).
225 is from Asahi Glass Company and known
as Asahiklin AK-225, a precision cleaning solDuPont Vertrel Solvents
vent. AK-225 has many unique properties, inDuPont Vertrel solvents have physical charcluding its ability to form azeotropes (mixtures
acteristics very similar to HCFC-225; howevthat act as one chemical, with unique and coner, they are also much more environmentally
stant physical characteristics), good solvency,
friendly and currently have no use restrictions.
and thermal stability (making it good for use
Vertrel solvents have exposure limits ranging
in vapor degreasing). AK-225 is non-flammable,
from 190 to 200 ppm, over an eight-hour timeand VOC (volatile organic compounds, which
weighted average (TWA); HCFC-225’s limit is
are smog producing and highly regulated) ex100 ppm over an eight-hour TWA. Vertrel solempt, allowing for its use in California.
vents have a lower cleaning efficiency than AKAK-225 also has a low acute toxicity (the ex225; however, Vertrel/trans blends are compatposure level of AK-225 is 100 ppm 8h TWA
ible in cleaning power to AK-225. Vertrel solcompared to 200 ppm for trans), low viscosity
vents also have similar materials compatibility
(meaning that it flows well), high density (it’s
to HCFC-225, which has broad materials comheavier than water, so it will displace water),
patibility (DuPont, 2011).
and low surface tension (meaning that it will
Techspray offers the Precision-V line of
flow well under low stand-offs). Unfortunately,
products, containing Vertrel XF, as a replace-

“

”
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ment for products containing AK-225. Products
in the Precision-V line are Precision-V VaporDegreaser Parts Cleaner, and Precision-V VaporDegreaser Flux Remover. These solvents have a
lower boiling point than most vapor-degreaser
solvents. This reduces heat stress on components being cleaned and reduces energy consumption for the boil sump and chiller coils.
n-Propyl Bromide (nPB)
Solvents containing nPB work well for difficult precision cleaning; however, they are not
considered environmentally friendly. The acceptable exposure limit for nPB solvents is 25
ppm over an eight-hour TWA (United States
Environmental Protection Agency, 2010).
Health hazards include damage to the reproductive system, liver, and nervous system.
There is also evidence that nPB causes damage
to the brain. These effects have been observed
in animals with as little as 400 ppm exposure
(Agency for Toxic Substances and Disease Registry, 2001).
Trichloroethylene (TCE)
From a health and environmental standpoint, TCE is not a good replacement, as it
has been a suspected carcinogen for years and
breathing even small amounts may produce
several unpleasant side effects, including headaches, lung irritation, dizziness, poor coordination, and difficulty concentrating (Agency for
Toxic Substances and Disease Registry, 2001).
TCE has an OSHA permissible exposure limit
(PEL) of 100 ppm TWA. ACGIH recently reduced
TCE’s threshold limit value (TLV) from 25 ppm
to 10 ppm due to a recent EPA study that concluded, “…TCE poses a potential human health

hazard for noncancer toxicity to the central
nervous system, kidney, liver, immune system,
male reproductive system, and the developing
fetus…The human evidence of carcinogenicity
from epidemiologic studies of TCE exposure is
strong for non-Hodgkin Lymphoma…” (United
States Environmental Protection Agency, 2011).
TCE is an aggressive cleaner; this makes it unsuitable for use with most plastics and elastomers. A positive quality of TCE is its cost, as it is
much less expensive than some of the modern
chemistries (DuPont).
3M’s HFEs (hydrofluoroethers)
From an environmental standpoint, 3M
HFEs have been granted VOC exemption. They
are described by 3M as having “no ozone-depleting components, a shorter atmospheric
lifetime, and a lower global warming potential
than CFCs” (3M, 2011).
What Does This Mean to the End-User?
The first section of the Clean Air Act 605(a)
restricts use. In this case, “use” refers to the use
of the controlled substance, HCFC-225, not to
products containing HCFC-225. Products containing HCFC-225 made before January 1, 2015,
may continue to be sold and used by end users
indefinitely.
For Techspray products, this means that all
aerosol products containing HCFC-225 and all
bulk blends containing HCFC-225 made prior
to the cut-off may be sold after December 31,
2014. Sales and use of 1663-54G, -5G, and -G,
will end on December 31, 2014. Beginning on
January 1, 2015, HCFC-225 can only be used
in the manufacture of cleaning products if it
has been used, recovered, and recycled, per the

Products in use after Jan. 1, 2015 	Made before Jan 1, 2015	Made after Jan 1, 2015
Blend of virgin AK225 in aerosol

4

8

Pure (neat) virgin AK225 in aerosol

4

8

Blend of virgin AK225 in bulk packaging

4

8

Pure (neat) virgin AK225 in bulk packaging

8

8

Reclaimed AK225 in any type of packaging

4

4

Table 1.
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Clean Air Act 605(a). See Table 1 for a quick
overview of how the HCFC-225 phase-out affects Techspray products.
Exceptions
To date, the U.S. EPA has not announced
any exceptions to the HCFC-225 ban. However,
if history is any indicator, we can expect to see
exemptions for military use, and possibly medical use, for applications in which a replacement
has not been identified. SMT
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Video Interview
EU’s REACH and CLP Laws Come Into Question
by Real Time with...
IPC APEX EXPO 2012

Gallium arsenide (GaAs) semiconductors
are vital in today’s electronics products,
especially where very high-frequency
electrical signals are required. Many in
the industry are concerned that the EU’s
REACH and CLP laws may enact restrictions that will affect GaAs unfairly, as
these laws may not be based on science.
John Sharp and his associates at TriQuint
Semiconductor are working with the EU
to correct this fault.

56

SMT Magazine • September 2012

Click

realtimewith.com
To View

Top Ten Most-Read Supplier/
New Product Highlights
Agilent, Indium Partner to Train
UC Davis Students
Agilent and Indium have teamed with UC Davis College of Engineering to provide real-world experiences for UC Davis students enrolled in a dual degree
program for a Bachelor of Science in Materials Science and Mechanical Engineering.

decided to extend our market position in India by
a new partnership for our AOI and AXI products,”
says Alice Goepel, international sales manager for
GOEPEL electronic’s AOI/AXI systems. “We are very
pleased winning such well-experienced supplier for
electronic equipment like EMST Marketing Pvt. Ltd.
and looking forward to our future business.”

ACE Now Offers New Lead Tinning Services
ACE Production Technologies, a leading developer
and supplier of production systems for selective soldering and related processes, has announced the
availability of lead tinning services—quick-turn, highquality work from the recognized experts in selective
soldering and tinning technology and systems.

Manncorp Launches Valueflex
Turnkey Line
Electronics manufacturers who need the accuracy
and dependability of a large SMT assembly line
in a small footprint will find their needs met by
Manncorp’s new Valueflex turnkey line. Perfect for
production areas where space is at a premium, the
Valueflex line excels in short-run to mid-range high
precision surface mount assembly, including highmix runs.

Nordson YESTECH Supplies FX AOI to CMI
Nordson YESTECH, a subsidiary of Nordson Corporation and a leading supplier of automated optical and
X-ray inspection systems for the electronics industry,
has provided FX Series automated optical inspection
(AOI) systems to Cooper Microelectronics Inc. (CMI),
an ODM and contract manufacturer, specializing in
industrial controls and all electronics related services.
Molex Custom LED Assemblies Provides
More Options
Molex Incorporated has ramped up engineering and
production to bring custom LED circuit assemblies
into a broader range of electronic products—from
appliances and computers to automotive and consumer electronics. Molex LED solutions on PCB substrates are designed to meet high volume manufacturing requirements in automotive, consumer, medical, military/aerospace, telecommunications, transportation, and industrial equipment applications.
Essemtec Supports Mowden
Controls’ Success
Since 1965, Mowden Controls has been developing
and producing exceptional electronics for customers. Long-term relationships with suppliers and customers, as well as flexibility and quality, have made
the company successful. To continue this tradition,
Mowden has selected machines from Swiss manufacturer Essemtec for production.
GOEPEL Adds EMST as AOI/AXI
Distributor in India
“India is one of the most seminal countries in terms
of electronics manufacturing. Therefore, we have
58

SMT Magazine • September 2012

SMT Place 2000 Ideal for Batch
SMTA & Prototyping
Speed up manual assembly of surface-mount components on PCBs while improving product quality
with the SMT Place 2000 manual pick-and-place system. The SMT Place 2000 enables operators to comfortably place up to 800 components per hour using
an easy-gliding positioning head and sliding armrest
that steadies the arm for more accurate placements
and reduced operator fatigue. Intelligent, auto-on/
auto-off vacuum helps the operator work at top efficiency.
Manncorp Expands Desiccant
Cabinet Line
Recognizing the growing market demand to protect
SMT components from moisture damage, Manncorp
has expanded its line of desiccant cabinets. “We are
now geared to the needs of virtually all potential users,” said CEO Henry Mann, “and since we’re stocking the cabinets in our San Diego facility, they can
be made available for time-critical delivery.”
Electrolube Opens New Office in India
Electrolube, pioneers in materials manufacture for
the electronics, automotive, and industrial manufacturing industries, has announced the opening
of a new office in India to service increasing market
demand more effectively. The new warehouse and
technical sales facility will be based in Bangalore, situated close to the major electronics manufacturing
centres of Southern India.

Wherever technology takes you

We deliver

VENTEC designs, develops, manufactures and sells high quality copper clad
laminates and pre preg bonding materials for the fabrication of a wide variety
of PCB applications.
We deliver consistently high quality products utilizing world class equipment
from Japan and Taiwan, in coordination with specifically designed plant layouts
and production flows.
.
But it's not all about the products. As well as providing flexible production
capacity and competitive cost manufacturing, our team is commited to
delivering the the very best service and support to our customers.
To learn more about how we can deliver for you, please visit our website.

Ventec Europe
www.ventec-europe.com

Ventec USA
www.ventec-usa.com

Ventec International Group
www.venteclaminates.com

NEW column

evolutionary solutions

Better Together
by Karla Osorno
EE Technologies, Inc.

Summary: Simple solutions can support higher yields in both productivity and quality, resulting in lower final costs for the OEM, the CM, and
the end customer. In many cases the position of a
single component can make the difference between
an efficiently manufactured assembly and a special condition that requires additional handling,
tooling, and labor.
As an OEM, it is critical to continually
search for cost savings while providing the
best-quality products and
services to your customers. Many OEMs look to
partner with EMS providers to achieve

60

SMT Magazine • September 2012

objectives of quality, service, and cost savings.
This partnership can begin at different stages of
the product life cycle, but most would agree the
earlier the better. Three key actions should be
taken to achieve long-term success: Collaborate
early, collaborate for cost reductions, and collaborate for improvement.
Collaborate Early
An opportunity that is often neglected is
collaborating with the EMS provider during the
early design phase of a new product to provide
potential insights on how to design the product
as cost-effectively as possible while simplifying
manufacturing.
Simple solutions during the design phase
can support higher yields in both productivity and quality resulting in lower final costs for
the OEM, the contract
manufacturer, and the
end customer. In many
cases the position of a
single component can
make the difference between an efficiently manufactured assembly and a special
condition that requires additional
handling, tooling, and labor.
In one instance, collaborating with a
customer on an LED board resulted in a
more stable product at a greatly reduced
cost. The EMS provider was able to recommend an alternative LED component with
better lead time, price, and quality. This
single change saved hundreds of thousands of
dollars, improved time to market, and strengthened the partnership between the OEM and the
EMS provider.
While designers are cognizant of the requirements to make a product efficient to build,
there is a wealth of potential in designing for a
specific manufacturer and their equipment set

evolutionary solutions

better together continues

that can take efficiency to the next level. Good
EMS providers will share documented specifications for design for manufacturability, test, service and reliability (DFX) to:
• Ensure the most reliable, cost-effective
design solution.
• Ensure manufacturability within
production capabilities.
• Improve repair and service turn-around
time.
• Ensure ease of test and function
validation.
• Improve product robustness and
reliability.
• Improve production cycle times.
Your EMS partner also brings years of industry experience as well as insight into industry
trends and regulations that may have an impact
on the product.
Collaborate for Cost Reductions
The automotive industry as part of the advanced product quality planning (APQP) process recognizes the value of overlapping the
product design and development with the process design and development, but the lines of
communication are not always clearly defined
between the designer and external suppliers
during the inception of a new product. Not being able to collaborate during these valuable
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early stages can be costly as the product becomes more defined and documented.
Due to the increased number of processes
and approvals required for each change to the
design as it matures, the earlier a potential improvement can be implemented, the more costs
can be avoided, not only in future manufacturing costs but with engineering and design costs.
Changes that have come about as a result of
the APQP process collaboration include changing the board layout to reduce rework process
steps. In one example of a board used in a popular car model, two capacitors had limited space
between them, requiring rework after the surface mount placement. With customer approval, the design was improved to create the needed spacing and eliminate the rework process
step. This prevented cost increases down the
road and also resulted in a better quality board.
Collaborate for Improvements
How does the CM benefit from collaboration? Working with the designers can be beneficial to the contract manufacturers as well. Being
able to provide inputs that can prevent quality
issues during manufacture can reduce the need
for troubleshooting and repairs and other nonvalue-added activities that add to the labor and
overhead rates applied to all customers. Preventing or minimizing these not only makes
more capacity available, but also increases the
efficiency of the manufacturing facility so it can
be more competitive.
For one project with a hard-to-find raw component that had significant proven failure rates,
it was recommended to test the raw material
prior to assembly. Test engineering was able to
quickly develop a functional test and procedure
to confirm the quality of the raw component.
This quick test saved a tremendous amount of
time and money, which more than covered the
additional raw material test time.
In another example, a board layout failed to
accommodate a required surface mount applied
2D matrix label. The team was able to collaborate to move components to allow for the lot
traceability label. Further collaboration is occurring to move from the paper label to a laser
etching process using new technology and ultimately saving $0.03 per board.

evolutionary solutions

better together continues
Understanding the product design, critical features, and its end users can also lead to
ideas for improvement, particularly in the area
of error elimination or at a minimum in process
detection. A manufacturer may have additional
data on component reliability in certain conditions that would be difficult to gain elsewhere.
Experience with many different components, manufacturers, and assembly processes
aids EMS providers in providing unique and
valuable information to OEMs.
When You Don’t Collaborate
When OEMs and EMS providers do not collaborate, costs can increase for both parties. In
some of these situations, when the partnership
ends and the OEM looks for another EMS provider, there is incomplete or non-existent documentation. A strong EMS provider can step in to
fill the gap and provide documentation for existing products. This is clearly after the fact and
adds to the costs of the product for the OEM.
However, EMS providers offering this service
add value and make the best of the situation.
Good Sense
With technology reducing logistical issues
for meetings and other communications, some
historical reasons for not meeting—travel costs
and travel time—are gone, leaving no valid reasons why OEMs and EMS providers cannot collaborate.

NCKU Team Designs New Material
for Electronic Packaging
A research team led by Lin Kwang-lung,
professor of materials science and engineering
at National Cheng Kung University (NCKU), southern Taiwan,
has developed the Sn-Zn-Ag-AlGa solder, a new material which
excels in terms of reliability and
low cost.
The properties of the new
material have raised local industry’s interest to trial run the

Tools like video conferencing and other chat
services allow for face time and full communication. It is said that communication breaks
down to 7% verbal (words), 38% vocal (volume,
pitch, rhythm, etc.), and 55% body movements
(mostly facial expressions). Thus organizations
choosing to collaborate using face time capture
the non-verbal communication and will have
more complete communication. This better
communication leads to better collaboration
and better results.
For all of these reasons, it makes good business sense for OEMs and EMS providers to work
together from the design stage. Through collaboration, we are better together. SMT
Karla Osorno is business development officer for EE Technologies, Inc., an EMS provider
delivering complete engineering
and manufacturing services with
locations in Nevada and Mexico.
With education and more than 20 years’ experience in finance and operations, Osorno
drives completion of projects in marketing,
business development, operations, and process improvement. Her passions are to educate and empower others to make changes
and a daily difference in the world. Contact
Osorno here.

manufacturing of solder ball from the patented
alloy. Collaborative efforts have successfully
produced solder balls of industrial specification
with diameters of 0.76 mm, 0.50 mm, and
0.30 mm.
The newly-developed material, which is
weighted toward metals that are
relatively cheaper, is about 15%
less expensive than what is available on the market, Lin added.
After more than seven years of
research, he hopes to work with
manufacturers to develop commercial applications of the new
material soon.
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article

by Ahne Oosterhof
Eastwood Consulting

and Stephan Schmidt
LPKF Laser & Electronics

Summary: The quality of a stencil may be measured a number of ways: Smoothness of the cut
wall, material quality, thickness and thickness uniformity of the material, proper aperture location,
and proper aperture size. Here, through the testing
of a dozen stencils acquired and manufactured using different equipment and methods, the authors
show that significant variability exists in aperture
size precision between various stencil manufacturing sources.
Editor’s Note: This article was originally published in the Proceedings of IPC APEX EXPO, San
Diego, California, February, 28–March 1, 2012.
Many articles have been published indicating that 60 to 75% of all board assembly problems stem from solder paste printing. The important outcome from the printing process is to
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get the correct amount of solder deposited in
the right place. A significant part of that solution is the stencil, and its correctness depends
on how well the manufacturing process is controlled using proper machines, materials, methods, and manpower (the 4M rule).
The quality of the stencil may be measured
in a number of ways: Smoothness of the cut
wall, material quality, thickness and thickness
uniformity of the material, proper aperture location, and proper aperture size. This report
will show that significant variability exists in
aperture size precision between various stencil
manufacturing sources.
Reason for the Test
The most significant predictor of paste
release from stencils is the area ratio (AR).
This is the ratio of the aperture area over the
aperture wall area and the larger the number,
the higher the paste release percentage. Therefore, if the aperture area is off by a certain
percentage, it will directly influence the AR
and thereby the paste release from the stencil.
Historically, the lower limit for the AR has

been 0.66. Below that, the paste deposit was expected to be insufficient. How well the paste releases, even with a design limit of 0.66 or higher,
depends to a large degree on the methods used
and the performance of the equipment used to
manufacture the stencil.
Figures 1 and 2 show apertures in different
stencils made from the same data. The equipment, manufacturing method, and process control of the operator can greatly influence the
quality of the manufactured stencil, which, in
turn, influences the accuracy of the solder paste
deposit on the pad.
Test
For this test, a dozen stencils were acquired
and manufactured using different equipment
and methods (various laser brands and types,
various manufacturing processes, as well as
electroforming). These stencils were produced
using normal production processes, some cut as
sheets, others cut in a frame, without the vendors being aware of their purpose.
All stencils were scanned and measured using a large, high-resolution (12,000 dpi) flatbed
scanner (LPKF ScanCheck) and the resulting
measurements were analyzed. Prior to use, the
scanner was calibrated and had a maximum error of ±5µm. All stencils were stored at room
temperature.
The information obtained from the scanner included aperture location (X and Y coor-

Figure 1: Example of stencil cut on a modern
fiber laser stencil cutter.

dinates), aperture type, area, position error, and
size error. Some debris is often still present in
a few apertures of a new stencil and the ScanCheck machine does pick up this debris—it
causes the area calculation of those apertures to
be smaller than actual. With visual inspection
of the ScanCheck data it is easy to recognize
such apertures and to exclude them from the
analysis.
By far the most commonly used stencil
thickness these days is 125µm (5 mil), as are the
stencils used in this test. The metal used is typically available with a ±5% or ±6.4µm (0.25 mil)
thickness tolerance. The stencil used in this test
has an image size of about 325 mm x 500 mm
and contains about 21,000 apertures; approximately 14,000 of those are circles. In this analysis, only circles are used. For both the smallest
circles and the smallest rectangles the AR was
greater than 0.7.
Precision of Apertures in a Large Stencil
The precision of the area of stencil apertures
and the material thickness determine how close
the paste volume will be with respect to the design goal. The dimensional precision of the aperture size depends on the stability, accuracy, use,
and maintenance regimen of the laser system. In
the case of the electroformed stencil, it depends
on the exposure level of the film used, the exposure of the photosensitive material on the mandrel and the control of the chemical process.

Figure 2: Example of stencil cut on a legacy
lamp-pumped stencil cutter.
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solder paste deposits and the precision of aperture sizes continues
Test Results
The distributions of the area errors of the
apertures for each stencil are shown in Figure 3.
The vertical axis shows aperture quantities; the
horizontal axis shows the percentage deviation
from the aperture area design goal. The best
results can be recognized by narrower distributions resulting in higher peaks near 0%.
The data acquired from the ScanCheck
system was analyzed and a tolerance of ±10%
was chosen for area limits. This allowed calcu-

lating Cp and Cpk for the various stencils and
the resulting distributions are shown in Figures
4 and 5.
Figure 4 shows the distribution of Cp from
a high of 3.4 to a low of 0.97. This indicates
that the width of the aperture size distribution of these stencils ranges from near to much
better than the width of the chosen spec limit
and the width distribution of the best performer is more than three times as good as that of
the worst performer.
Figure 5 shows the
distribution of Cpk,
which is the more significant quality indicator, as it shows how
well the range of aperture sizes fits within the
spec limits. Here and in
Figure 3 we see that all
stencils tended towards
the smaller end of the
spec range with several
completely outside on
the low end. Again, the
quality of the best stencil far exceeded that of
the worst stencil.

Figure 3: Distribution of aperture area for each stencil.

Figure 4: Cp range for aperture area distribution.
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Impact
From the data we
can see that the Cpk of
the worst stencil indicated that all its apertures were well outside
the spec limits. The process mean for this stencil’s aperture area was
-22%. The best stencil
has a Cpk of 2.04, a process mean of -3.9%, and
a Cp better than 3.38—
very few of its apertures
were outside the chosen
area spec limit.
The smallest circular
apertures in these stencils were 0.388 mm (15
mil), which for a stencil
with a 125µm (5 mil)

solder paste deposits and the precision of aperture sizes continues

Figure 5: Cpk range for aperture area distribution.

thickness results in an AR of approximately 0.7.
For the stencil with the worst process mean of
-24%, the AR is reduced to 0.53, which means
that half the apertures have an AR of better than
0.53, but the other half are worse than 0.53.
This is well below the historic limit of 0.66 and
will result in poor print performance.
Root Causes
A number of root causes influence the dimensional accuracy of an aperture in a solder
paste stencil. The most significant source of
avoidable inaccuracies in the industry is data
processing. If the artwork file is processed without an exact consideration for the manufacturing method and knowledge of the laser system’s
performance, this can lead to a significant impact on the Cpk.
Laser systems can operate with varying beam
sizes, typically anywhere from 20 to 45µm depending on laser technology and system condition and maintenance. In many cases, artwork
files are processed with a standard beam size,
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but remember, the laser beam is equivalent to
the bit in a milling machine. The size of the bit
determines where the cutting path should be in
order to cut the proper opening. As the stencil
could end up being cut on any of a number of
different machines with varying laser beam sizes, it is necessary to know the beam size when
calculating the cutting path to get the correct
aperture sizes.
Lacking this information, the result could
be undersized apertures if calculating the cutting path using the large, standard beam size,
but using a modern fiber laser-based system
with typically a smaller laser beam. Similarly,
oversized apertures would result if cutting on an
older, lamp-pumped laser with a typically larger
laser beam after calculating the cutting path but
expecting to use a much smaller beam. To avoid
these pitfalls it is important for a manufacturer
to frequently monitor and adjust for the actual
beam sizes of the equipment to be used.
Another cause of inaccuracies of aperture
dimensions is the control and performance of

TM

THE best way to find a PCB fabricator, anywhere.

Yes, THE PCB List
is the best place to find
a PCB fabricator!

How did you find the
right PCB fabricator?
I found them on
THE PCB List!

solder paste deposits and the precision of aperture sizes continues
the positioning system
can vary greatly. Some
lasers can also show
beam shapes that are
not round if not adjusted or maintained properly. This leads to a different size error in the
X versus Y direction.
It leads to round apertures showing an oval
shape and square apertures becoming rectangular. This is, in most
cases, a maintenance
issue which should not
be present on a properly calibrated and mainFigure 6: Comparing Cp of two stencils made of similar machines.
tained system.
The best-performing stencil (Graph I-G,
Figure 3) was manufactured using a modern
laser, which was well
maintained and calibrated. The data preparation was performed
specifically for this laser with exact knowledge of the beam size
and shape. The program used for CAD data
processing allows for
corrections to accommodate laser beam size
and shape. Obeying the
4M rule does pay.
Photochemical production methods such
as E-form also require
Figure 7: Comparing Cpk of two stencils made of similar machines
very tight process conand different beam size compensation procedures.
trol to allow for higher
Cp and Cpk values.
Laser systems have
the position system. Resulting errors typically
been in use to manufacture stencils since the
show up as greater variance in aperture size and
mid-nineties and have improved significantly.
this is mostly impacting the Cp of the aperture
To show continuous improvements, from the
dimension accuracy. Laser cutting systems, for
data above, two stencils (Graphs I-F and I-G)
instance, come in a wide variety of models and
are compared, which are manufactured on the
quality levels. The accuracy and stability of
same brand, type, and family of machines (Fig70
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solder paste deposits and the precision of aperture sizes continues

Figure 8: Paste release test results.
ures 6 and 7). However, the second is the more
modern updated version.
Conclusion
The above measurement results indicate that
without knowing the manufacturing method
used to produce the stencil designed to meet an
AR limit of 0.7, AR may vary between 0.7 and
less than 0.53, likely resulting in very poor print
performance.
However, based on paste release test results
(Figure 8 and Reference 1) with the best choice
of stencil manufacturing method and stencil
material it still may be possible to get acceptable paste deposits even with these lower AR
values.
In print tests represented by Figure 8, the
vertical yellow line indicates the historic AR
limit. Using the intersection of this line with
the commonly used stainless steel (300 series)

line (light blue curve) yields a given paste volume percentage. For the best material choice
(fine grain stainless, red curve) that same percentage allows an AR of 0.52. This means that
for the tests described above, with the worst
aperture sizes it is necessary to choose the very
best stencil material to even have a chance of
obtaining acceptable paste release.
Now that we have learned that the size of
the apertures can vary significantly due to manufacturing methods, previous reports (Figure 9
and Reference 2) have shown that for the same
reasons the aperture locations can vary greatly.
For the same size and complexity of stencils location errors of up to 175µm (7 mil) have been
measured.
In short, it is necessary to know how a stencil will be manufactured and the user needs to
have to ability to verify the stencil quality, especially measuring aperture size and location as
September 2012 • SMT Magazine
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solder paste deposits and the precision of aperture sizes continues

Figure 9: Variance of aperture size.
with the above test results and the referenced
results it is clear that poor print results are not
out of the question. SMT
References:
1. Robert F. Dervaes, Jeff Poulos, and Scott
Williams, “Conquering SMT stencil printAhne Oosterhof obtained an Electrical Engineering degree from the
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Tektronix, Oosterhof founded ALaser. Currently, Oosterhof consults for A-Laser,
Fine Line Stencil, and LPKF Laser & Electronics
North America.
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smt trends & technologies

It Pays to be Frugal
by Sjef van Gastel
Assembléon Netherlands B.V.

Summary: Low-energy electronics manufacturing equipment helps maintain production—more
production for the same energy—and also saves
money. A recent comparison suggests that an average high-volume assembly plant could save nearly
half a million dollars a year on energy-related costs
alone, and that figure can only rise.
Electricity consumption by manufacturing
equipment is rarely seen as a major manufacturing cost. Materials and components, manufacturing equipment, and the salaries of production personnel are traditionally thought of
as the main cost concerns for a company. But is
this true?
The price of energy and raw materials is
quickly rising due to the growing scarcity of fossil fuels and materials combined with a growing
demand from upcoming economies, particu-

larly BRIC countries. Recent news from both
India and China imparts that their economies
are developing so fast that the electricity supply from power plants is insufficient to fulfill
energy needs (Figure 1). This unbalance results
in frequent power cuts.
Low-energy
electronics
manufacturing
equipment helps maintain production—more
production for the same energy—and also saves
money. A recent comparison suggests that an
average high-volume assembly plant could save
nearly half a million dollars a year on energy related costs alone, and that figure can only rise.

First, the Reflow Oven
A typical SMT flow line consists of a stencil printer, PCB handling equipment, pick-andplace machines, a reflow oven, and test and repair equipment. The reflow oven will use the
most energy, followed by the pick-andplace machines and test and repair stations.
A few options can reduce the energy
consumption of the reflow oven. First
is optimizing the oven temperature
profile. Reducing the oven belt speed
by 10 to 12%, combined with reducing
the peak oven temperature to approximately 235 to 245°C, will reduce the
reflow oven energy consumption by
some 10 to 15%. Typical hourly energy
consumption per reflow oven is 8 to 12
kWh. Of course you should verify on
forehand if this belt speed reduction is
acceptable in relation with the production needed. For instance: If 200 boards
per hour are needed and the board
length is 250 mm, this means that your
belt speed should be higher than 0.833
m/min. Overall consumption is mainly
determined by the number of heating
Figure 1: Power shortages will occur frequently in strongzones in the oven and, hence, the oven
growing economies.
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it pays to be frugal continues
lighting and heating/cooling of the machine
environment; and reworking defects caused by
pick and place.
A comparative study performed by Assembléon
has shown large differences in energy
Second, Pick-and-Place Machines
consumption related to the real output of difTo compare the energy consumption inferent pick-and-place machines. These differvolved for pick-and-place, you first need a modences come from the different machine types.
el showing the different energy consumption
Two main types exist: Sequential pick and place,
categories. Four categories can be distinguished:
where all pick-and-place actions are performed
Driving (electric) motors and machine controls;
sequentially, using multiple pipette placement
generating vacuum and/or compressed air;
heads, and parallel pick-andplace, where pick-and-place actions are performed in parallel,
using single or only a few pipette placement heads on multiple, parallel operating, placement robots.
Sequential pick-and-place
machines have considerable
accelerations/decelerations on
(relatively) heavy placement
heads and these need more energy (remember that the equation for kinetic energy is ½
mv2). Parallel pick-and-place
machines have much lower accelerations/decelerations, actFigure 2: Sequential placement versus parallel placement:
ing on much lighter placement
Fast and heavy versus slow and light.
heads requiring much less energy.
Multiple pipette placement heads, found in sequential pick-and-place machines,
also have greater vacuum consumption since all available
pipette positions need to be
‘energized’ with the vacuum to
hold all components in place.
Vacuum consumption in a parallel pick-and-place machine,
with considerably fewer pipette
positions, will be much lower.
Equipment on a flow line takes
up area, also for the operator,
which also takes energy to illuminate and (air) condition.
Equipment with a small
Figure 3: Comparing energy consumption of six different
footprint
per unit output will
pick-and-place machines (output: 100 kcph).
minimize energy consumption.
length. The longest reflow ovens in a flow line
consume approximately 50 kW (10 heating
zones).
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it pays to be frugal continues
Small machines can
also allow the use of
smaller buildings with
lower building costs…
small is beautiful.
Third, Rework and
Repair Stations
Finally, the defects
per million placements
of a pick-and-place machine will have considerable influence on the
rework rate and, hence,
the number of rework
stations needed. ComFigure 4.
pare a sequential machine with a typical
DPM rate of 30 with a parallel machine with a
typical DPM rate of 10. Assuming that a typical board contains 1,500 components, a DPM
figure of 30 means that one board out of 22 will
be defective. The literature shows that approximately nine minutes are needed per rework action, including finding the defect, de-soldering,
component and solder preparation, component
placement, component soldering, and inspection. Flow lines with a 20-second cycle time
will, on average, generate a rework action (taking an average of 540 seconds) every 444 seconds. This requires two rework stations!
If we compare this to parallel pick-and-place
(DPM rate of 10), one board out of 66 will be
defective, so generating a rework action every
1,333 seconds (again, average rework time 540
seconds). Only one rework station is needed.
This not only saves space in the line, but also
investment and energy costs (an average 2.5
kW per rework station).
Energy Savings of $420,000
Results from the study comparing different
pick-and-place machines on the market show
big differences in energy consumption. Six
models were compared (A to F). The most efficient model, a parallel machine, had an average
annual energy consumption of 100,000 kWh
(per 750M components placed) against 380,000
kWh (same number of components placed) for
the least efficient model. This is a difference

of 280,000 kWh per year for pick-and-place
alone. Add the potential savings from reflow
soldering (estimated at 15%) and you end with
total savings of approximately 300,000 kWh
per year.
With the average U.S. industry energy price
of $ 0.065 per kWh, this means saving $19,500
per year per line of 100,000 cph production
capacity. Considering an average high-volume
electronics manufacturing plant has approximately 12 lines (average 30-second line cycle
time), potential annual energy savings per plant
are more than $420,000.
It pays to be frugal! SMT
In addition to playing the clarinet
in two bands, Assembléon’s Sjef
van Gastel has another passion:
SMT. He has been with the company since its start-up as a Philips
division in 1979. As the current
Manager for Advanced Development, he combines his experience as systems architect and
machine designer to explore technical and
business opportunities from emerging technologies. van Gastel holds many patents and
is a frequent speaker at international conferences related to SMT. He is also the author of
“Fundamentals of SMD Assembly,” which has
become a standard piece of literature in the
industry.
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Top Ten Most-Read
Mil/Aero007 Highlights
OnCore Massachusetts Achieves
AS9100C Certification
“Being AS9100C compliant at Springfield confirms our
commitment to our aerospace and defense customers,” said Dan Perez, president and CEO. “The continuous improvement of our Quality Management System
is part of our customer commitment of providing complete solutions including total quality and regulatory
compliance.”
OSI Systems’ Q4 Revenue Up 28% YoY
Deepak Chopra, president and CEO, stated, “We are
pleased to report outstanding results for our fourth
quarter and fiscal year. Each of our divisions finished
the year strong. This momentum, combined with a
record year-end backlog of $1.1 billion, positions us
well for continued strong top line growth and earnings
expansion in fiscal 2013.”
Sypris’ EMS Reports 15% Sequential
Revenue Increase in Q2
Revenue for the company’s Electronics Group was
$16.1 million in the second quarter compared to
$16.2 million in the prior year period, but up 15.2%
sequentially from the first quarter of 2012. Gross profit
for the quarter was $4.3 million, or 26.9% of revenue,
compared to $1.0 million, or 6.4% of revenue for the
same period in 2011, and up sequentially from $2.6
million, or 18.6% of revenue, from the first quarter of
2012.

Nortech Systems Posts Sales of
$28M in Q2; Up 7%
Nortech Systems Incorporated has reported net sales
of $28.0 million for the second quarter ended June
30, 2012, compared with net sales of $27.8 million for
the second quarter of 2011. Operating income for the
second quarter of 2012 was $319,000, compared with
$339,000 for the second quarter of 2011.
IEC Reports Record Q3 Results
W. Barry Gilbert, chairman of the board and CEO, stated, “For the second quarter in a row we have achieved
financial results well above our historic metrics, specifically gross margins of 20.6% and operating margin
of 9.8%. During the third quarter, cost containment
and product mix were important drivers of our higher
margins. The gross and operating margin results were
some of the best in the company’s history, and particularly strong for our industry.”
Elecsys Expects New Spending
to Boost EMS Sales
The short-term reduction in sales is expected to be
temporary as the company continues to invest in new
product development and sales and market development efforts. The company believes that these investments will begin to impact results during the second
half of the next fiscal year.

Divsys Achieves ISO 9001:2008
Registration
ISO 9001:2008 is just one of the many steps the company is taking to set itself apart from other suppliers of
PCBs. Holding the certifications and registrations necessary to be “world-class” is the paper side of the coin.
DIVSYS closes the loop with quality product tested in
its Indianapolis, Indiana facility to provide the product
assurance piece of the puzzle that many suppliers of
bare boards are missing from the equation.

Suntron Completes Audit by Major
Defense Company
The audit assessed the company’s facility, personnel,
and processes, and concluded that Suntron has very
good equipment and a very experienced and educated
process, test engineering, and QA staff. The company
was analysed in the following categories: Facility and
equipment capabilities, receiving inspection process,
AS9102, materials control and traceability, manufacturing floor, test processes, personnel training, calibration equipment, and supplier base controls. Suntron
received high marks in each category.

API Technologies Names Bel Lazar
President and CEO
API Technologies Corporation recently announced the
promotion of Bel Lazar to the position of president
and chief executive officer. Brian Kahn, who previously
held the positions of chairman and chief executive officer, will continue to serve as chairman of the Board.
Bel Lazar joined API on February 28, 2011, as president
and chief operating officer.

PartnerTech Posts Growth in Q1;
Optimistic About 1H
“Despite somewhat of a slowdown from the first quarter,
sales rose by 2% in local currency compared with the same
quarter of 2011 and the operating profit was SEK 12 million. Like many others, we were affected by market uncertainty during the second quarter. Some customers pulled
back or postponed orders, but the underlying dynamics
are positive,” said Leif Thorwaldsson, president and CEO.
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zulki’s pcb nuggets

Get a New View on X-ray:
A Brand New Ballgame
by Zulki Khan
NexLogic Technologies

Summary: With PCB technologies dramatically
escalating, it makes good business sense for the
OEM to get closer to its CM or EMS provider and
get a good handle on reading and understanding
X-ray images for BGAs, CSPs, and flip chips. Zulki
Khan explains why.
It used to be that original equipment manufacturers (OEMs) didn’t know much about X-ray
at the PCB assembly stage—they didn’t care too
much about it or it just wasn’t on their priority
list as a key step for achieving PCB assembly reliability. After all, X-ray is in the domain of the
contract manufacturer (CM) or EMS provider. There were other things
to think about at the time
for OEM engineers. That
was back when device
packaging was larger and
simpler and there was a
lot of room on the board.
Back then, X-ray technology effectively met
PCB and package inspection requirements.
So, in effect, there were
no worries.
Today it’s a brand new
ballgame. Yes, you can
say some PCB assembly
aspects are still best left to
the CM or EMS provider;
however, consider that PCB
technologies have dramatically escalated and you’re now dealing with
ever-shrinking boards packed on both
sides with miniature device packages
like microBGAs. Given these rapidly
evolving circumstances it makes good
business sense for you, the OEM, to
get closer to your CM or EMS provider
and get a good handle on reading and
80
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understanding X-ray images for BGAs, CSPs,
and flip chips. Here’s why.
Let’s say you’re developing a new product.
You’ve made significant investments for newer
system architecture and you certainly want to
safeguard those investments. Toward the end
of your development cycle you learn some of
the BGA-packaged devices are experiencing
problems. So, the question becomes: Do these
problems stem from an unstable design or BGA
placement at the PCB assembly stage?
This is the time when X-ray images and figures come in handy. It could be there are intermittent connections, meaning sometimes the
PCB works; other times, it doesn’t or something
else is causing your board not to work properly. When things are not working properly
you take the bull by the horns and start
drilling down. You look at possible
suspects and one of the common
suspects for products like yours
is a BGA, CSP or flip chip.
As shown in Figure 1, X-ray
is the best way to inspect the insides of these packages, verify the
integrity of the solder joints,
and assure proper assembly.
In the case of BGAs with
balls, those balls are shown
to be properly melted and
soldered on the surface of
the board. If land grid arrays (LGAs) with bumps
are involved, the X-ray
image clearly shows the
bumps are properly adhered
to surface mount pads on the
board’s top surface.
Most
often,
however,
things aren’t so rosy at closer
inspection and, in most cases,
it takes advanced X-ray sys-
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get a new view on x-ray: A brand new ballgame continues

Figure 1.

tems to get an even more detailed definition of
the problem. Not only do you want to inspect
BGA solder joints, but you also want to verify
device packaging integrity. You want to inspect
the chip inside the BGA and make sure all connections from the chip are properly connected
to peripheral BGA balls or LGA bumps.
Aside from these potential problematic areas, other emerging and hard-to-detect areas
exist. For instance, head-on-pillow is a defect
that regular X-ray has trouble detecting and interpreting. It doesn’t clearly show that solder
hasn’t properly melted, so that a joint is not
100%. This means advanced X-ray systems with
powerful image recognition features and welltrained technicians are critical in this instance
to pinpoint such defects.
X-ray intensity level targeted at the board or
package is another area with which you want to
gain familiarity. Some defects can be spotted at
low intensity or kV levels, but others, finer in
nature and most difficult to uncover, can only
be verified with a higher kV rating. In these
cases, the most sophisticated, most powerful X82
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ray systems have the capability of zooming in
at a 1,000 or 2,000 X level. These systems can
find those highly elusive defects due to their extremely high kV levels.
Also, you want to look for images showing
BGA delamination and voids. A high-end X-ray
system ensures co-planarity of the device and
also may identify whether or not there’s package delamination. Voids, regardless of how diligent, careful, and precise placement practices
are exercised, will still occur. According to IPC
Standard A-610 (Acceptability of Electronic Assemblies), Revision E-2010 (Acceptability of
Electronic Assemblies), and Section 8.3.12.4
(Surface Mount Area Array-Voids), a certain percentage of voids is acceptable, normally up to
25%. Specifically, it states that 25% or less voiding of any ball in the X-ray image area is acceptable for Class 1, 2, and 3.     
A highly sophisticated X-ray system is able
to not only detect and show voids, but can also
determine the percentage of voids. Accordingly, the CM or OEM can therefore determine
whether or not the percentage of voids meets

zulki’s pcb nuggets

get a new view on x-ray: A brand new ballgame continues
device specifications called out by OEM engineers. Take, for example, a BGA with 1,156 balls
and 15 or 20 of those balls have voids. If those
voids are within 5 to 10%, they are acceptable
per IPC Class 2.
Even with the higher kV levels that stateof-the-art X-ray systems deliver, there’s still
one more PCB area that demands the best
of both man and machine. This involves a
highly-populated, double-sided, BGA-populated PCB. In this instance, the X-ray image
focuses on a BGA on the board’s top side. However, there are capacitors and resistors in the
same spot, but directly on the bottom side,
making the image complicated to review and
analyze.
To the inexperienced technician’s eyes, the
black-and-white image under inspection appears as a composite of the top- and bottomside images and he or she is deceived into
thinking the image is that of a short, rather
than a component on the other side. On the
other hand, the experienced technician knows
how to decipher the image. He or she can then
clearly delineate BGA balls under inspection
from the components on the other side, which
aren’t associated with the correct and only image the technician is inspecting.
In summary, it’s to an OEM’s advantage to
become savvy about X-ray on the PCB assembly
floor. In some situations, you may find poorly
trained technicians who can either misinterpret
or be too casual about reading X-ray images. As
a result, you get less than acceptable inspection

New Way of Assembling Particles
Into Complex Structures
Researchers at the University of Pennsylvania have
identified a simple new method to direct particle assembly based only on surface tension and particle shape.
The research, led by Kathleen J. Stebe, professor in the
Department of Chemical and Biomolecular Engineering
and the school’s Deputy Dean for Research, relies on the
simple fact that a liquid surface will tend to minimize its
surface area.
Stebe’s lab used cylindrical particles made out of a
common polymer. When placed on the surface of a thin

and, quite likely, defects that go undetected,
leading to field failures.
Worst of all, an unscrupulous CM or EMS
provider might try to pull a quick one;, they
will try to pass a detected flaw or defect to
avoid incurring extra time and costs and get
your PCB project shipped out the door as
fast as possible. But, if you are up to date and
armed with plenty of know-how in terms of
interpreting these images, you can stand your
ground when it’s determined your product
isn’t working. You can intelligently contest
the design or assembly and make your case by
questioning X-ray image results or actually
demanding to view them as the way to resolve
the issues keeping your product from working
properly. SMT
Zulki Khan is the founder and
president of NexLogic Technologies, Inc., in San Jose, California,
an ISO 9001:2008-certified company, ISO 13485-certified for
manufacturing medical devices
and a RoHS-compliant EMS provider. Prior
to NexLogic, Khan was general manager for
Imagineering, Inc. in Schaumburg, Illinois. He
has also worked on high-speed PCB designs
with signal integrity analysis. He holds a B.S.
in EE from NED University in Karachi, Pakistan,
and an M.B.A. from the University of Iowa. He
is a frequent author of contributed articles to
EMS industry publications.

film of water, the cylinders produce a saddle-shaped deformation: The water’s surface dips at each end of a particle and rises up along their sides.
In the study, instead of two particles interacting,
particles interact with a stationary post. The post pokes
through the water’s surface, causing the surface to curve
upward around it; the particles move so as to make the
surface area as small as possible.
By changing the cross-sectional shape of the posts,
the researchers were able to show fine control over how
the particles moved and oriented. A circular post attracted
particles in straight lines, whereas an elliptical post drew
particles to the elongated ends. A square post produced
the most complex behavior, drawing particles strongly to
the corners, leaving the sides open.
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Top
Ten
Most-Read News Highlights
from SMTonline this Month
a

New IPC President
	Restructures Divisions,
	Realigns Staff

John Mitchell, president of IPC, says, “I want to
provide a glimpse into some of the changes happening internally at IPC. After a thorough review, I
have decided to reorganize the staff into new divisions to facilitate better service to our members.
I’d like to share them with you. There are some
significant ideas in the mission that we are striving
to achieve: global trade association, success of the
members, technology enhancement and government relations.”

plex electronic and electromechanical devices and
related services through niche opportunities in the
military and aerospace, medical, and industrial
markets. Much of Sparton’s growth will be driven
by the acquisition of complementary businesses.

Magazine Announces
c SMT
New Advisory Board Members
The I-Connect007 family of publications is pleased
to announce new editorial advisory board members for SMT Magazine. These industry experts
from around the world will assist editors in providing the most relevant and intelligent coverage of
the global electronics assembly industry.

Accelerates Growth
Standards Set for Potting,
b Sparton
with Management Changes d
	Encapsulating Boards
Sparton announces management appointments
to further accelerate the implementation of its
strategic growth plan. As stated in the strategic
plan, the company will continue to provide com84
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The IPC-HDBK-850 covers a broad range of protective materials for printed boards, providing
designers and users with an efficient tool to help
select encapsulants for printed board assemblies.

Surplus to ongoing operations of Celestica

LATE MODEL SMT, TELECOMMUNICATIONS
and ELECTRONIC TEST & MEASUREMENT EQUIPMENT

3 Online Auction Sales
Sale 1 - Sale Closing: Thursday, 20th September 2012
Featuring:
Telecommunication / Electronic Test Equipment:
• Agilent E5515C / 8960 Series 10 and Rohde & Schwarz
CMU200 Communication Test Sets
• Agilent N4010A Wireless Connectivity Test Sets
• Rohde & Schwarz NRP-Z22 Power Sensors
• Agilent DSO3102A Digital Storage Oscilloscopes
• Spirent GSS6100 Signal Generators
• Agilent N9340B Handheld Spectrum Analyzers
• Agilent E3640A & 66309D Power Supplies
• VTI EX7204L Mainframes

Location: Monterrey, Mexico

SMT Process Equipment:
• DEK Europa Screen Printers
• CyberOptics SE300 Ultra Solder Paste Inspection Systems
• Yestech F1 AOI System
• Conveyors, Bareboard Loaders, FIFO Conveyors by Nutek,
JOT, Flex Link
• Data I/O Roadrunner Inline Programmable Feeders
• Vitronics XPM3-1030, BTU Pyramax 150N & BTU Paragon
150 Reflow Ovens
• Nicolet NXR 1400 X-Ray System
• Air-Vac Onyx 29 Rework Stations

For further information, please contact:

WILLIAM HLADY

Tel: +1 248 514 3336

Email: william.hlady@go-dove.com

Sale 2 - Sale Closing: Thursday, 27th September 2012

Location: Oradea, Romania

Featuring:
SMT Process Equipment:
• DEK Europa Screen Printers
Electronic Test & Measurement
• CyberOptics SE300 Ultra Solder Paste Inspection Systems
• Agilent E5515C / 8960 Series 10 Communication
• Yestech F1 AOI System
Test Sets (Qty 40)
• Conveyors, Bareboard Loaders, FIFO Conveyors by Nutek,
• Rohde & Schwarz CMU200 Communication Test
JOT, Flex Link
Sets (Qty 25)
• Data I/O Roadrunner Inline Programmable Feeders
• Agilent N4010A'Wireless Connectivity Test Set (Qty 19)
• Vitronics XPM3-1030, BTU Pyramax 150N & BTU Paragon
• Agilent 66309D Dual Output Mobile Communications
150 Reflow Ovens
DC Source (Qty 43)
• Nicolet NXR 1400 X-Ray System
• National Instruments NI PXIe-1062Q Extended
• Air-Vac Onyx 29 Rework Stations
Interface Frame (Qty19)
• Rohde & Schwarz NRP-Z22-1137.7506.02 Power
Sensor (Qty 31)
• Also Including - Camfil Farr Clean Air Filter Work Hoods With Simco Scorpion 3 Ionizer, Simco Orion & Top Gun Sidekick
Ionizers, Atlas Copco Etd M 20 Abl Electric Screwdrivers (2012), Quicher/ohtake Nj-12 Screw Feeder (Upto 2012), Mettler
Toledo Electronic Scales, Hakko Hot-air Blower Soldering Stations And Much More

For further information, please contact:

ROBERT PENDAL Tel: +44 7774 652 403 Email: robert.pendal@go-dove.com
RICHARD SIEBERER Tel: +43 676 843 813 105 Email: richard.sieberer@go-dove.com

Sale 3 - Sale Closing: Thursday, 11th October 2012
Featuring:
Telecom Test Equipment:
• Agilent E5515C / 8960 Series 10 Communication Test Sets
• Agilent N4010A Wireless Connectivity Test Sets
• Rohde & Schwarz NRP-Z22 Power Sensors
• Agilent 66309D Power Supplies
SMT Process Equipment:
• Nutek Buffer Conveyors
• Speedline 8000-1 FX Dispensers
• Yestech YTV-F1 F1 AOI Automated PCB Inspection System
• Data I/O Roadrunner Inline Programmable Feeders
• Cencorp 16000303 High Speed Depaneling System

Location: Senai, Malaysia

Miscelleanous Equipment:
• Start International Tda080-m Tape Dispensers
• Quicher Precision Screw Feeders
• Simco Orion And Topgun Ionizing Guns
• 'The' Ld5500 Label Dispenser
• Simco Aerostat Pc Ionizing Air Blower
• Micron Ionizing Cabinet & Self Powered Laminar
Flow Unit And Filter

For further information, please contact:

BOON CHUAY LEE

Tel: +65 6334 4266

Email: boonchuay.lee@go-dove.com
In Conjunction with

www.go-dove.com

Top ten continues

The standard includes information on choosing,
mixing, applying, and dispensing for each of the
materials listed.

Launches Industry
e IPC
Guidelines for Solder Pastes
Solder paste is a necessity for basically all PCBs,
but it’s one of the most overlooked technologies
in the electronics industry. IPC has completed the
first standard that will help development teams
improve the quality of their solder paste operations, which could bring significant improvements
in quality and reliability.

f

EMS Firms Steer Focus to
Dashboards

The difficulty of managing electronics manufacturing has grown exponentially as outsourcing, globalization, product complexity, and market shifts
become the norm. The challenge for OEMs and
EMS providers is keeping track of project status
when components and production are globally
sourced and shipped. Since data overload is as
inefficient as not enough data, it is important to
identify the right data to track and automate the
process enough that critical issues are immediately
evident.

IPC Handbook Delves Into
g
	Protective Coatings

EMS M&A Activity Drops
h
	Sequentially in Q2
Four completed transactions occurred in Q2 2012.
The four transactions show a decrease in the M&A
activity compared to the nine transactions in the
previous quarter. The recent softening in some developed economies and a slowdown in China and
India have created challenges for companies to pursue strategic investments within the EMS sector.

Weak Q1 for Flextronics;
i
	Transformation to Improve
	Portfolio

“Despite the challenging economic environment,
we achieved our targeted operating margin and
our adjusted EPS improved 10% compared to the
same quarter last year. We have accomplished a
transformation of our business to our desired portfolio model, which will lead to further margin expansion over the course of fiscal year 2013,” said
Mike McNamara, CEO.

Benchmark Overcomes Slow
j
	Market with Solid Q2 Results
“We are very pleased with the solid execution of
our team for the second quarter in a weakening
environment. Notably, our revenue and margin
improvements were achieved while supporting
numerous program ramps from previous quarters’
bookings, as well as the ongoing Thailand recovery efforts,” said President and CEO Gayla J. Delly.

Whether they’re protecting handheld products
from moisture and the shock of drops or trying
to improve the lifetimes of high-reliability circuit
boards, more design and manufacturing teams are
potting and encapsulating boards. As spacing dimensions shrink, it’s becoming increasingly more
important to pick the right materials to protect
these boards in operating environments in which
a conformal coating will not do the job.

smtonline.com
For the latest SMT news—anywhere, anytime.
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Calendar

E v e n ts
For the IPC’s Calendar of Events, click here.
For the SMTA Calendar of Events, click here.
For the iNEMI Calendar, click here.
For a complete listing of events, check out
SMT Magazine’s full events calendar here.
J-STD-001E: Requirement for Soldered
Electrical and Electronic Assemblies
September 10-14, 2012
Valencia, California
PCIM South America
September 11-13, 2012
Sao Paulo, Brazil
West Penn Expo and Tech Forum
September 13, 2012
Monroeville, Pennsylvania

MEDevice Forum San Diego
September 19-20, 2012
San Diego, California
Northeast Shingo Prize Conference
September 25-26, 2012
Worcester, Massachusetts
Modern Day Marine
September 25-27, 2012
Quantico, Virginia
MEPTEC/SMTA Medical Electronics
Symposium
September 26-27, 2012
Arizona State University, Arizona
Austin (CTEA) Expo and Tech Forum
September 26, 2012
Austin, Texas
Printed Electronics Asia
October 2-3, 2012
Tokyo, Japan
DMS Osaka
October 3-5, 2012
Osaka, Japan

EIPC Summer Conference
September 13-14, 2012
Milan, Italy

21st Annual International
Electronics Forum
October 3 - 5, 2012
Yerevan, Armenia

The ECOC Exhibition
September 16-20, 2012
Amsterdam, The Netherlands

NEPCON Vietnam 2012
October 4-6, 2012
Ho Chi Minh City, Vietnam

Advancement in Thermal
Management 2012
September 18-19, 2012
Denver, Colorado

Plastic Electronics Conference 2012
October 9-11, 2012
Dresden, Germany

Manufacturing in Guadalajara 2012
September 18-20, 2012
Guadalajara, Jalisco, Mexico
IPC Workshop:
Design for Manufacture
September 19-20, 2012
Fredericksburg, Virginia
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Next Month in
SMT Magazine
The focus of the October issue
is RoHS, REACH, and WEEE compliance and current legislation, waste
water management, and many
other environmental concerns encountered during manufacturing.
OEM and EMS providers must be
proactive and keep up with the
latest changes in various countries
to remain at the top of their game.
The October issue of SMT
Magazine will bring readers a host
of industry experts to address
energy conservation, workplace
safety, and sustainability issues;
define green and green-washing
legislation; present a conflict metals update; and offer the latest
concerning REACH, RoHS, and
WEEE and much more.
If you’re not yet a subscriber,
don’t miss out! Click here to receive SMT Magazine in your inbox
each month.
See you in October!
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