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In Part 2 of our series, SMT Magazine helps you make all of your connections! This month, we 
dig deeper into the no-clean vs. water-soluble solder paste argument, the overstress of compo-
nents during the soldering process, the feasibility of low/no-silver solder pastes, the influence of 
microstructure on bismuth lead-free solders, and high-temperature assembly materials.   

Feasibility of Low/No Silver alloy 
Solder Paste materials
by Jennifer Nguyen, Ranilo Aranda, 
David Geiger, and Murad Kurwa

Influence of microstructure 
on mechanical Behavior of 
Bismuth Pb-Free Solders
by David B. Witkin

reliability assessment of 
No-clean & Water-Soluble 
Solder Pastes, Part I
by Emmanuelle Guéné and Steven Teh

assembly 
materials for 
high-Temperature 
applications
by Jörg Trodler

EOS Exposure of components 
in Soldering Process
by Vladimir Kraz
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rise, buying an electric car will basically be free, 
with the difference in the cost of fuel offsetting 
the monthly payment. That’s when the market’s 
going to explode. When the monthly cost of 
owning an electric vehicle, including electricity, 
is less than what it costs to fuel a gas powered 
car, people will be lining up to buy them. You’ll 
see it in Europe, first, where gas is about $8 per 
gallon. Electrics will be an easy decision once 
the range issue is settled. And if you’re paying 
attention at all, you’ve certainly noticed the bil-
lions of dollars flowing into battery R&D. Most 
major car companies see a 200-mile range bat-
tery for an average priced car hitting the market 
in the next few years. Tesla already does this if 
you’re willing to pay $70k.

Another game-changer is that these cars per-
form better than their internal combustion en-
gine (ICE) cousins. You get a lower cost for fuel, 
a safer vehicle for your family to ride around in, 
lower maintenance costs, higher reliability and 
a more powerful and better driving experience. 
That’s why it’s a game-changer.

Why fight it?  The only thing holding back 
electric cars are the batteries’ cost and range. 
That’s it. Everything else is vastly superior to 
cars powered by ICEs. 

Although I’m an environmentalist at heart 
(where would we be without the Clean Water 
and Clean Air acts?), this article isn’t driven 
by that bent. I don’t have solar panels power-
ing my house because it doesn’t make financial 
sense, and I won’t buy an electric car until it 
does, either. I guess I’m a practical environmen-
talist. But the adoption of electric cars as the 
main source of personal transportation, world-
wide, is a done deal and it’s coming, fast. 

Of course, I’m no expert, but when you see 
just about every car manufacturer on the plan-
et introducing or developing electric cars, you 
have to believe they see the writing on the wall. 
From what I’ve read, there will be seven new 
electric cars (in addition to the 14 on the mar-
ket in the U.S. today) entering the market in 
2014 and lots more in 2015. Many of these will 
be pure electrics, not hybrids. For me, the tip-
ping point is a 200-mile battery range. I don’t 
mind paying more, initially, for an electric car 
since I’ll be saving about $3 for every gas-equiv-
alent gallon of electricity I buy, adding up to 
thousands in savings each year, but I’ve got to 
have more range. 

But think of this: As the cost of these cars 
comes down, and as the cost of gas continues to 

by ray rasmussen
publiSher, i-ConneCT007 

ThE WaY I SEE IT   

coluMn

Electric cars are the Future

rimac’s concept electric “supercar.”
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Pundits of ICE-powered cars tout the im-
proving efficiency as proof that there’s a lot of 
life left in this 150-year-old technology. I dis-
agree. ICEs are too complicated and costly (en-
vironmentally and geopolitically). By compari-
son, they’re slow, noisy and smelly. 

Here’s what convinced me: I recently 
changed the spark plugs and spark plug wires 
on my 2005 Chevy Malibu, which had 100,000 
miles on it. Three cylinders were upfront (really 
easy to get to) and three were up against the 
firewall with little room to get to the plugs. I 
got the job done, but it was a bear. Of course, 
shortly thereafter an engine warning light came 
on and after some Google searches I determined 
that I had to change the thermostat, which I 
did after draining all the radiator fluid. I had to 
dispose of the old fluid, buy more and refill the 
radiator. Sometime later, another warning light 
suggested I was low on oil. I guess my car was 
showing its age by requiring more oil than usu-
al. In the past, I hadn’t had to add any oil be-

tween oil changes. Then, another warning light 
indicated (after more Google searches) I needed 
a new gas cap since my original factory cap was 
causing the fuel system to lose pressure. That’s 
when I knew the gasoline-powered car was fin-
ished. The ever-increasing complexity required 
by ICEs to meet the stringent government effi-
ciency standards makes the ICEs a losing propo-
sition. They can’t compete.

Electric cars don’t need oil; they don’t need 
to be cooled and therefore have no radiators. 
They don’t have a gas tank (a bomb, literally), 
either. Electric motors have worked reliably by 
the millions, day in and day out for years with-
out any, or very little, maintenance. Electric 
cars are very powerful and will shame any ICE 
comparable car off the line. You see it more and 
more at local drag strips as electrics take on ICE 
muscle cars, crushing them in head-to-head du-
els. Global refueling stations (a plug) are already 
in place in every commercial building and in 
just about every home on the planet. Oh, and, 

The way i See iT  

ELEcTrIc carS arE ThE FUTUrE continues

figure 1.
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ELEcTrIc carS arE ThE FUTUrE continues

they don’t pollute, directly. Their sources do, 
mostly coal and natural gas, but the rest don’t 
unless you consider nuclear and its very long 
term, long life to be pollution. But an electric 
car powered by mostly wind, hydro or solar 
doesn’t pollute, and it doesn’t contribute to the 
U.S.’s need to keep petroleum supply lines open 
in the Middle East. It actually does contribute 
to the stability of the long-term U.S. energy pic-
ture. It’s a beautiful thing.

What does this mean to us in the PCB and 
EMS industries? Not too much since more and 
more electronics have been added to ICE power 
trains over the years. Instead of ICE controllers 
and sensors, electronics in electrics will control 
and monitor AC motors, the transmissions and 
the batteries. The brake controllers will be a bit 
more sophisticated because of the regenerative 
braking. Electronics for safety and entertain-
ment will likely progress along the same path as 
ICE electronics. Adding solar into the roofs of 
electric cars, which Ford just announced it will 
be doing, will contribute a bit more electron-
ics, as well. I think we just need to be aware of 
what’s coming. Will companies like Tesla emerge 
as major automakers in the coming years? One 
company already in prime position with Tesla 
is Viasystems, which makes all of the PCBs, as-
semblies and battery buss bars for Tesla’s cars. 

What about Fisker and BYD? Warren Buf-
fet made a large investment in BYD a few years 
ago. They plan a bunch of new electrics in the 
coming years. Fisker is building a high-end Tes-
la-like car. For our industry, it’s more about the 
winners and losers. When the industry shifts to 
electrics, who will be left standing, and are they 
on your customer list? 

Check out this concept car from Rimac. 
They’re calling it a “supercar.”  

What we also see happening, as batteries 
improve, is a move away from gas-powered 
tools. Laptop batteries did a lot to advance this 
market. There are entire companies now build-
ing lines of outdoor power tools to replace gas-
powered lawnmowers, trimmers, blowers, etc., 
and you’ll see more and more electric motor-
cycles and bikes hitting the streets. They’re 
working on electrics for planes (manned and 
unmanned). They’re a lot quieter and more re-
liable. Dyson, the vacuum cleaner maker, be-

lieves that their new battery-powered vacuum 
cleaner, the DC59, could potentially replace 
corded vacuums—it cleans that well. All these 
products need electronic controls. That’s where 
we come in.

There is another major impact of the elec-
tric car, which isn’t being discussed too much: 
its impact on the fossil fuel industry. Combined 
with solar, the predictions are that within the 
next 10 to 15 years, many utilities will be out of 
the power generation business. That’s the pre-
diction in a new book from Stanford University 
lecturer Tony Seba. As the cost of solar drops, 
solar electricity will continue to be integrated 
into the energy mix. As consumers and busi-
nesses alike choose to lower their energy costs 
by installing solar panels, there will be a con-
tinual decline in the need for utilities to provide 
energy, relegating them to maintaining the grid 
as opposed to providing energy. Electric cars ac-
celerate the consumer’s move to residential so-
lar systems since they help justify the system 
costs by offsetting the high price of gasoline. It’s 
an interesting transition and we get a front-row 
seat in watching this transition from fossil fuels 
to an all-electric economy based on renewable 
energy. 

conclusion
Electric cars don’t just offer an alternative 

form of fuel like diesel or hydrogen; the tech-
nology is disruptive. The dramatic reduction in 
fuel costs, the way the fuel (energy) is distrib-
uted and the simplification of the entire power-
drivetrain is a game-changer. That’s why, once 
we get the batteries in place, the shift will hap-
pen almost overnight. Buying an electric car, for 
most, will be a no-brainer and in many cases 
“free.”  We certainly live in exciting times!

That’s the way I see it.  SmT
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Tin Whiskers, Part 4: 
causes and contributing Factors

In this installment of the tin whisker series, 
we’ll take a look at causes and factors that have 
been found or are considered to contribute to 
the appearance of tin whiskers. In the remain-
ing installments, we will address “Tin Whis-
kers—Plausible Theory,” “Tin Whiskers—Impact of 
Testing Conditions,” and “Tin Whiskers—Preven-
tive and Mitigating Measures.”    

As all-encompassing tests to confirm or deny 
the culprits that cause tin whiskers are prohibi-

tively costly and time-consuming, my thoughts 
focus on the logical causes and contributors. 
Fundamentally, the tin whisker follows the ba-
sic physical metallurgy in its principles on nu-
cleation and crystal growth through the classic 
theories of dislocation dynamics and of other 
lattice defects in tin crystal structure. Thus, for 
whiskers to appear from the tin-plated (or tin-
coated) surface, the causes and contributing fac-
tors should be intimately related to the nucle-

ation sites creation and 
the subsequent growth 
paths after the coating 
process. However, for tin 
whisker due to tin’s in-
trinsic characteristics, the 
actual processes of nucle-
ation and grain growth 
are dauntingly complex.

Nucleation and 
growth can be encouraged 
by stresses introduced 
during and after the plat-
ing process. The sources 
of these stresses come 
from multi-fronts. This 
includes residual stresses 
caused by electroplating 
and/or additional stress-
es imposed after plating, 
and/or the induced stress-
es by foreign elements, 
and/or thermally-induced 
stresses. Specific causes 
and contributing factors 
are outlined below.

Organic Inclusions
Organic inclusions af-

fect the tin crystal struc-
ture by distorting or 
crowd the crystal lattice, 

http://en.wikipedia.org/wiki/Stress_(physics)
http://en.wikipedia.org/wiki/Residual_stress
http://en.wikipedia.org/wiki/Electroplating
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thus creating the internal stress. It is found that 
tin whisker growth is correlated to the organic 
inclusions as represented in carbon content in 
the coating. A test conducted at 50°C for four 
months on coatings with similar grain sizes 
generated the following results: For the coating 
containing 0.2% carbon, 235 µm whisker was 
formed while 12 µm whisker was formed for the 
coating containing 0.05% carbon content[1].

Surface Physical condition
Surface conditions, such as 

notches and scratches in the 
coating surface, can be a source 
of atomic irregularity, which 
could contribute to the driv-
ing force of tin whisker forma-
tion.

Substrate Surface 
morphology

Physically maneuvering 
the surface morphology of 
the substrate in the level of 
roughness was found to alter 
the tin whisker propensity— 
a rougher surface being less 
prone to tin whiskers[2]. It is be-
lieved that a relatively rougher 
surface facilitates the formation 
of an even interface between the tin 
coating and the substrate surface that contains 
a thinner and more uniform intermetallic layer.

Oxidation or contamination Level
It is postulated that as the oxygen atoms 

diffuse into the tin crystal structure, oxygen 
can serve as nuclei and can also restrain grain 
boundary mobility and diffusion. When the lat-
tice structure is oriented in such a way that is 
favorable to the protruding crystal growth, tin 
whiskers will occur. Some studies found that 

surface oxide (commonly tin oxide) promotes 
tin whiskers[1]. And studies also found that con-
tamination contributes to tin whisker[3]. 

External mechanical Stresses
Externally applied forces such as those intro-

duced by the lead-forming, bending or torque 
after plating process may affect tin whisker for-
mation. In studying the effect of external me-
chanical force that is imposed on the coating 

on tin whisker growth, the relative 
whisker growth under different 

levels of organic inclusions 
with and without an exter-
nal mechanical force was 
performed. Under each level 
of organic inclusions, an ex-
ternal mechanical force (by 
means of bending) created 
an increased rate of whisker 
growth as shown in Table 1[4]. 

Substrate Base material
It was found that there 

is a difference in tin whisker 
propensity between bronze 
and brass and between Cu-
based and Alloy 42 leads, re-

spectively. The differences are 
primarily attributed to relative 

inter-diffusion between the sub-
strate material and the tin coating, as well as 
to the relative abundance of intermetallic com-
pounds.

metallic Impurities
As metallic particles enter into the tin lat-

tice, they may or may not lead to the formation 
of intermetallic compounds, depending on the 
metallurgy of the elements involved. These me-
tallic particles can change or distort the lattice 
spacing in the tin structure. It should be noted 

Organic Impurity   No mechanical Bend  mechanical Bend

0.2%, 4 months   245 microns    312 microns

0.004%, 7 months   6 microns     6 microns

Table 1.

In studying the effect 
of external mechanical 
force that is imposed 
on the coating on tin 
whisker growth, the 

relative whisker growth 
under different levels 
of organic inclusions 
with and without an 
external mechanical 
force was performed.

“

”
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that the presence of intermetallic compounds 
in the tin coating layer or at the interface be-
tween tin layer and substrate is not a require-
ment for tin whisker formation.

Intermetallic compounds
It should be emphasized that inter-

metallic compounds at the inter-
face of the tin coating and the 
substrate or in the bulk of the 
tin coating is not a necessary 
condition for the occurrence 
of tin whisker. However, in-
termetallic compounds may 
exert additional effects in 
grain structure, as these com-
pounds can form in various 
geometries and morphologies 
ranging from small, more-
rounded particles to long nee-
dles. This formation creates 
either high localized stress or 
well-distributed stress or both 
in the tin lattice structure.

It should also be noted that 
the critical difference between 
SnPb and SnAgCu alloy is that 
SnPb does not (should not) form 
intermetallics in the bulk matrix, but SnAgCu 
alloys intrinsically contain intermetallics. The 
presence of intermetallics in SnAgCu and the 
absence of such in SnPb account for most of the 
phenomenal and property differences between 
SnAgCu and SnPb, including tin whisker.

cTE mismatch Between 
Tin coating and Substrate

The relative coefficient of thermal expan-
sion between the tin plating and substrate can 
contribute to the occurrence of tin whisker as 
the result of additional global stress as well as 
localized stresses. In this regard, the lead mate-
rial (e.g., Alloy 42 vs. Cu) is a factor. Although 
the larger mismatch between the tin layer and 
the substrate causes higher stress level, the dif-
fusion rate of substrate atoms into the tin coat-
ing layer with or without the companion of the 
formation of intermetallics may skew the linear 
relationship between CTE mismatch and the 
whisker propensity.

Plating Process vs. 
coating Surface morphology

Tin plating process parameters control the 
lattice defects incorporated in the tin layer. 
They also determine the thickness of the coat-
ing layer. The organic content, grain size, and 

surface morphology highly depend on 
the coating chemistry and process 

parameters, including the type 
of electrolyte, additive/bright-
eners, current density, process 
temperature, and the process 
control. For instance, high 
current density allows faster 
rate of plating, and a faster 
rate may impede the tin at-
oms’ ability to rearrange to a 
low-energy state, which con-
tributes to subsequent whis-
kering conditions.

Take bright tin as an ex-
ample, which is reportedly 
the most susceptible to tin 
whiskers. Its high susceptibil-
ity is largely attributable to 

the high residual stresses with-
in the tin plating caused by the 

plating chemistry and process. The 
added brighteners in making tin bright may 
serve as nucleation sites and may prevent tin 
from settling into the low energy state to form 
large grains. The resulting small grains provide 
more grain boundaries that in turn offer diffu-
sion paths for tin. 

Plating Process vs. 
coating crystal Structure

The effect of microstructure in terms of 
grain size on whiskers has been observed. 
It is hypothesized that as grain size reduces 
below 1 micron, the internal stress and the 
driving force for recrystallization will be built 
up. This condition creates high whisker pro-
pensity.

Thickness of Tin coating
It is postulated that it takes a proper thick-

ness for whisker to grow. To make a statement 
on the correlation between the thickness of tin 
layer and the whisker propensity is indeed over-

Take bright tin as 
an example, which is 
reportedly the most 

susceptible to tin 
whiskers. Its high 

susceptibility is largely 
attributable to the 

high residual stresses 
within the tin plating 
caused by the plating 
chemistry and process.

“

”
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simplistic. Yet, some results do support that a 
too-thick coating can bury whiskering tenden-
cy and a too-thin coating can shortchange the 
materials needed to grow whiskers. The proper 
thickness also is related to stress distribution 
ability.

Temperature Effect
Temperature drives the kinetics of defect dy-

namics in the tin layer by affecting stress relax-
ation and atomic mobility-related phenomena. 
A high temperature relative to tin’s recrystaliza-
tion temperature is expected to impede the con-
tinued growth along the protruding direction, 
resulting short whiskers.

conclusion
Overall, from the atomic lattice structure 

standpoint, most of the above sources do not 
play out by themselves in the tin coating layer, 
rather they are intricately interplayed. This is 
the very challenge imposed to the evaluation of 
tin whisker propensity based on a set of testing 
conditions.  SmT
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researchers at the Materials and Surface 
Science institute (MSSi), university of limerick, 
Ireland, have made a significant breakthrough 
in rechargeable battery technology. an ever-in-
creasing demand for portable electronic devices 

and improved technology for battery life and 
stability is a vital factor in device performance. 
The combined value of the rechargeable battery 
technology market is set to grow from $11.8 
billion in 2010 to $53.7 billion in 2020. a re-
search team at ul has developed a technology 
that more than doubles and retains the capacity 
of lithium-ion battery anodes even after being 
charged and discharged over 1,000 times.

Breakthrough in Rechargeable
Battery technology
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by Jennifer Nguyen, ranilo aranda, 
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SummarY: many alternative low/no silver 
solder pastes are available today. this article will 
present the performance and process capability 
of various low/no silver alloy solder pastes, along 
with a variety of benefits and concerns.

abstract 
Sn3.0Ag0.5Cu (SAC305) is the most popular 

near-eutectic lead-free alloy used in the manu-
facturing processes. Over the last several years, 
the price of silver has dramatically increased, 
driving a desire for lower-silver alloy alterna-
tives. 

As a result, there is a significant increase in 
the number of alternative low/no silver lead-free 
solder alloys available in the industry recently. 
In this paper, we’ll present the performance and 
process capability of various low/no silver alloy 

solder pastes. Data from printability, wetting 
test, slump test, solder ball test, voiding, etc., 
will be discussed and compared with the con-
trol SAC305 solder paste. Benefits and concerns 
of using low/no silver alloy solder paste materi-
als will also be addressed.

Introduction 
Sn3.0Ag0.5 solder paste is currently the 

common alloy for lead-free solder paste in the 
PCB assembly industry. However, the price of 
silver has kept increasing over the last several 
years. The silver price chart within the last five 
years is shown in Figure 1. This drives the desire 
for alternative low/no silver alloy materials and 
leads to the development of many alternative 
alloys. Today, many alternative low/no silver 
alloy solder pastes are available in the market. 
There are publications on the alternative lead-
free alloys1–3. However, most of the studies fo-
cus on the alternative alloys of the BGA solder 
balls and their reliability. There is very limited 
published information on the performance of 

Feasibility of Low/No Silver Alloy 
Solder Paste Materials
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low/no silver alloy solder pastes. In this article, 
we will discuss the process feasibility and chal-
lenges of low/no silver alloy solder pastes.

alternative Low/No Silver alloy 
Solder Pastes 

In the study, we evaluated 11 different alter-
natives alloys and compared their performance 
with the control SAC305 solder paste (Table 1). 
Type 3 was used in the evaluation. Sn3.0Ag0.5Cu 

alloy typically melts at ~217°C. Alternative low/
no alloys have about 10°C higher melting tem-
perature than SAC305 solder paste. Its liquidus 
temperature ranges from 225°C to 228°C.

Test vehicle 
Flextronics multi-function test vehicle is 

used in the evaluations (Figure 1). The board 
dimensions are 225 mm x 150 mm x 1.67 mm. 
The board surface finish is OSP. The test vehicle 

FEaSIBILITY OF LOW/NO SILvEr aLLOY SOLDEr PaSTE maTErIaLS continues
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figure 1: five-year silver history chart.

Table 1: alternative low/no silver alloy solder pastes.
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has many different SMD component types such 
as BGAs (0.8 mm and 1.0 mm pitch), CSP (0.5 
mm pitch, 0.4 mm, 0.3 mm), QFN component 
(0.5 mm pitch and 0.4 mm pitch), leaded com-
ponents (SOIC, QFN100, QFN208, etc.), chip 
components (0201,0402, 0603, 0805), through-
hole components, etc. In addition, the test 
vehicle has different areas designed for print-
ability test, slump test, wettability test, solder 
ball test, pin testability, etc. The test vehicle is 
shown in Figure 2.

Evaluation methodology and Procedure 

Printability Tests 
For printability tests, the solder pastes were 

printed using the optimized printing param-
eters at 0-hour and 4-hour stencil life. Solder 
paste volume and its standard deviation were 
then recorded and analyzed. Besides the solder 
paste volume and standard deviation, we also 
considered other aspects of printability such as 
printing speed and missing solder. Typically, a 
slower printing speed tends to provide a bet-
ter paste volume and small standard deviation. 
For volume manufacturing a good solder paste 
material should perform well not only at slow 
printing speeds but also at high printing speeds. 
While the printing speed varies based on the 

complexity of the product, a good solder paste 
should be able to print well at a speed of 50–70 
mm/s or higher. 

Different area ratios ranging from 0.3–0.8 
were used for the missing solder evaluation (Fig-
ure 3). The insufficient or missing prints were 
analyzed. The missing solder was defined as less 
than five solder particles on a pad.

Slump Test 
Cold and hot slump tests were performed 

at 0-hour and 4-hour using the IPC-A-20 sten-
cil pattern. The number of solder bridges at 
different spacings was analyzed. For the cold 

feaTure

Figure 2: Flextronics multi-function test vehicle, rev 1.0.

figure 3: Printability area for missing print.
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slump test, the solder bridges were counted at 
the room temperature. For the hot slump test, 
the test vehicles were baked at 125°C–150°C for 
about 20 minutes. The solder bridges were then 
recorded and compared.

Solder Ball Test 
Solder paste was printed on solder mask and 

reflowed (Figure 4). The solder balls, appearance 
and flux residues were analyzed. A quantified 
test for solder balling can be done by counting 
the number of solder balls at a designed loca-
tion.

Wetting Tests 
Solder wetting test was done by reflowing 

the solder paste printed at time zero and at 
4-hours of stencil waiting time. Two wetting 
tests were used in the initial evaluation. In Wet-
ting Test 1, the solder spreading (diameter) was 
measured and compared (Figure 5). In Wetting 
Test 2, the solder paste was printed at different 
aperture openings and reflowed. Lead-free sol-
der paste usually does not wet as well as tin lead 
and thus requires an over pad print to achieve 
full pad coverage. For Wetting Test 2, the mini-
mum print area to achieve 100% solder coverage 
of the pad was observed and analyzed (Figure 6).

Reflow and Process Robustness Tests 
To verify the process robustness of the 

solder paste materials, further tests were per-
formed on the top performing solder pastes 
from the screening tests. Real components 
were used to simulate the production environ-
ment. Three different reflow profiles (low, me-
dium, hot) were used in the low/no silver sol-
der paste evaluation. Table 2 summarizes the 
difference between the profiles. All the boards 
were reflowed in air environment. Print quality 
(volume and standard deviation), solder balls, 
wetting, voiding, flux residues and appearance 
were then evaluated. A good solder paste should 
have good performance across all the tests, and 
its quality should be consistent within a wide 
process window.

FEaSIBILITY OF LOW/NO SILvEr aLLOY SOLDEr PaSTE maTErIaLS continues

feaTure

Figure 4: Solder ball test.

figure 5: Wetting test 1.

figure 6: Wetting test 2.
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FEaSIBILITY OF LOW/NO SILvEr aLLOY SOLDEr PaSTE maTErIaLS continues

results and Discussions 

Printability 
Alternative low/no silver alloy solder pastes 

can print as well as SAC305 solder paste at  
t=0 (Figure 7). However, some low/no silver  
alloy solder paste materials (such as A, D, 
E, F, K) didn’t perform well after four hours  
waiting time as compared to SAC305 solder 
paste. It is believed that the flux chemistry in 

the solder paste played an important role in  
the material printing performance.

Wettability 
In term of wettability, many low/no silver 

alloy solder performed well in this category.  
Figure 8 shows the images of Wetting  
Test 1 for a SAC305, SAC0307 and SN100C  
alloy solder paste. These three solder pastes  
averagely had a similar spreading diameter. 

Table 2: reflow profiles summary.

figure 7: Printability of low/no silver alloy solder pastes at t=0.

feaTure
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FEaSIBILITY OF LOW/NO SILvEr aLLOY SOLDEr PaSTE maTErIaLS continues
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figure 8: Wetting test results of various lead-free alloy solder pastes.

Figure 9: Solder ball test results: good solder paste materials.

Figure 10: Solder ball test results: Many alternative alloy solder pastes resulted in excessive solder balls.
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9). However, many alternative low/no silver al-
loy solder pastes had excessive solder balls (Fig-
ure 10). During the previous lead-free (SAC305) 
solder pate evaluations, almost all materials 
performed well in this solder balling test, and 
excessive solder balls weren’t seen.

Voiding 
The X-ray image of BGA solder joints re-

flowed with SAC305 solder paste is shown in 
Figure 11. The X-ray images of BGA solder 
joints reflowed with SAC0307 and SN100C 
solder paste are shown in Figure 12 and Figure 
14, respectively. In general, many alternative  
low/no silver alloy solder pastes resulted in 
more voiding than SAC305 solder paste. Some 
alternative alloy solder pastes had similar  
voiding level as SAC305 solder paste for the 
BGA solder joint (Figure 13a and 14a). For the 
QFN components, the voiding level was sig-
nificantly increased for the samples reflowed 
with low/no silver solder pastes, as shown in 
Figure 15.

Process Window 
Alternative low/no silver alloy solder pastes 

had a narrower process window than SAC305 
solder paste. Many alternative alloys hadn’t 
completely reflowed at the low lead-free profile 
(Figure 15). Medium or hot profile may be need-
ed when alternative low/no silver alloy solder 
paste is used. This raises the concern about the 

feaTure

figure 11: X-ray image of bga solder joint 
reflowed with SaC305 solder paste. little voids 
were seen.

Figure 12: x-ray images of bga solder joints reflowed with SaC0307 solder pastes. good SaC0307 
solder paste (12a) had similar voiding level as SaC305 solder paste. Many evaluated SaC0307 solder 
pastes (12b,c) had slightly more voids than the control SaC305 solder paste.

Again, flux chemistry has a greater impact on 
the material performance than the alloy com-
position.

Solder Balling Test 
Some alternative alloy solder pastes per-

formed good in the solder balling test (Figure 
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profile temperature impact on the component’s 
process temperature limitation.

conclusions 
There are many alternative low/no sil-

ver solder pastes in the market today. In gen-
eral, alternative low/no silver solder pastes 
have higher liquidus temperature and require 
a higher reflow profile than SAC305 solder 
pastes. Thus, the process window of low/no 
silver solder paste is much narrower than the 
process window of SAC305 solder. Many al-
ternative lead-free solder paste materials have 
good printing and wetting performance. How-
ever, low/no silver alloy solder pastes may 
result in more defects such as solder balling, 

voiding (especially on QFN components) and 
solder bridging. Flux chemistry and supplier 
play a critical role in the performance of alter-
native lead-free solder paste materials. A good 
selected low/no silver solder can have similar 
performance as SAC305 solder pastes in many 
aspects when the process conditions are op-
timized. The higher reflow profile associated 
with alternative low/no silver alloy solder paste 
creates some concerns about the component’s 
process temperature and its limitation. When 
alternative low/no silver solder paste is used, 
it is recommended to review the component’s 
temperature limitation to make sure that they 
can survive the reflow profile. Further work on 
the reliability of lead-free solder joints assem-
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Figure 13: x-ray images of bga solder joints reflowed with Sn100C solder pastes. good Sn100C solder 
paste had similar voiding level as SaC305 solder paste (Figure 13a). Many evaluated Sn100C solder 
pastes had slightly more voids than the control SaC305 solder paste (Figure 13b 13c).

figure 14: X-ray images of Qfn88 components assembled with different lead-free alloy solder pastes. 
low/no silver alloy solder pastes resulted in more voids and larger voids than SaC305 solder paste. 
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bled with alternative low/no silver solder paste 
is recommended.  SmT
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figure 15: visual images of solder joints reflowed with different lead-free alloys using low lead-free 
profile. 15a) Solder paste was melted for SaC305 alloy. 15b and 15c) Cold solder was observed for 
SaC0307 and Sn100C using a low lead-free profile.
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Wearable body sensors and robotic skin must 
ferry information along flexible routes. electron-
ics that bend and stretch have become possible, 
but similar work in the field of optics has lagged 
behind. Particularly difficult to engineer have 
been optics that stretch when someone wearing 

body sensors bends or twists.
belgian researchers report progress with 

an optical circuit that uses both bendable and 
stretchable interconnections made of a rubbery 
material called poly-dimethylsiloxane. 

“To our knowledge, this is the first truly 
bendable, stretchable optical link with these 
miniature dimensions,” said lead author Jeroen 
Missinne of ghent university and imec, a nano-
electronics research center in belgium.

Circuits with stretchable 
optical Interconnections
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Influence of Microstructure on Mechanical 
Behavior of Bismuth Pb-Free Solders

SummarY: Certain alloys that contain bismuth 
have shown superior reliability in pCB testing, 
but they have not been widely used in electronics 
manufacturing due to their Bi content. this article 
focuses on the microstructure and behaviour of  
Bi-containing alloys, and compares this data with 
that of SaC305.

Introduction 
SAC-Bi and Sn-Ag-Bi alloys have demonstrat-

ed superior performance in thermal cycling reli-
ability tests of PCBs, such as the National Center 
for Manufacturing Sciences (NCMS) programs 
in the 1990s1, 2 and the Joint Group on Pollu-
tion Prevention-Joint Committee on Aging Air-
craft program of the early 2000s3. Despite these 
promising results, they have not been widely 
used in electronics manufacturing due to their 
Bi content, which has raised concerns for the 
potential of forming the low-melting point Sn-

Pb-Bi eutectic phase (Tm 96°C) in mixed SnPb/
Pb-free soldering. The recently concluded (De-
cember 2011) NASA-DoD program Phase II fol-
low-on to JCAA-JGPP revived the possible use 
of Bi-containing alloys with the recommenda-
tion that lower reflow temperatures for ternary 
Sn-Ag-Bi and quaternary SAC-Bi could reduce 
potential for pad cratering, as well as possess 
greater resistance to the growth of tin whiskers4. 

At the same time, an explanation for the per-
formance of Bi-containing alloys documented 
in thermal cycling has not been provided, and 
basic aspects of the metallurgy of these alloys 
have not been explored to the same extent as 
more common SAC alloys. The original NCMS 
project on Pb-free solder1 elected not to pursue 
this type of characterization of the alloys on the 
presumption that mechanical property data for 
the solders did not necessarily correlate with or 
provide insight into the reliability of the circuit 
board, which was the project’s motivation. 

In the present work, the relationship be-
tween microstructure, aging and mechanical 
behavior was studied for Sn-3.4Ag-4.8Bi (SnAg-
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Bi) and Sn-3.4Ag-1.0Cu-3.3Bi (SAC-Bi) and 
compared to SAC305. Tensile properties, creep 
behavior and damping capacity of these alloys 
were evaluated. The results show significant dif-
ferences in these properties between the as-cast 
and aged conditions. In particular, 
the properties of SAC305 respond 
to aging differently from the 
Bi-containing alloys. For ex-
ample, while aging at 150°C 
for 336 hours (two weeks) de-
creases the yield and tensile 
strength of SAC305 by nearly 
a factor of two, the same ag-
ing treatment leads to a much 
smaller relative change in the 
strength of SAC-Bi. The rela-
tionship between aging, mi-
crostructure and mechanical 
properties do not necessarily 
explain performance in board-
level thermal cycling tests but 
the metallurgical differences 
observed between the alloys 
due to Bi addition could con-
tribute to fundamental basis 
for improved reliability.

Experimental

Alloy Selection 
The alloys that were selected for this study 

had shown good performance in circuit board 
reliability testing but had not been extensively 
characterized and had not been adopted for use 
by the consumer electronics industry for Pb-free 
assembly. The alloy selection strategy was based 
on three suppositions. First, the selection crite-
ria for Pb-free solders in consumer electronics 
assembly would emphasize cost considerations 
and regulatory compliance deadlines in product 
design and manufacturing. Second, the reliabil-
ity and product lifetime expectations for Pb-free 
consumer products are entirely different from 
high-reliability systems, especially space flight 
hardware where repair and replacement on or-
bit are not possible. Consequently, the perfor-
mance and reliability requirements for indus-
tries whose products were initially exempt from 
RoHS would not be considered in alloy selec-

tion and development of best assembly practic-
es. The third supposition in alloy selection was 
that the consumer electronics industry would 
extensively characterize the Pb-free solder al-
loys for their systems. Therefore, alloys chosen 

for this study were those which had 
shown early promise in circuit-

board reliability testing but 
were subsequently abandoned 
by the electronics assembly 
business.

The main sources used 
for the selection process were 
the two published by the 
National NCMS 1, 2, 5 and the 
U.S. Department of Defense-
sponsored JGPP-JCAA3. Two 
Bi-containing alloys were 
selected based on review of 
these sources: 

1. Sn-3.4Ag-4.8Bi (wt. %): 
This alloy performed well in 
studies reported by NCMS in 
19971, and was the best per-

former in the initial screen-
ing in the 2001 NCMS report2. 

It was dropped from consideration 
at this point because of its high Bi content. Bi 
forms a low melting ternary eutectic with Sn 
and Pb (melting point 96°C), so this alloy was 
potentially problematic in a mixed-alloy envi-
ronment. The actual composition of the alloy 
reflects the largest amount of Bi that could be 
added to the Sn-Ag eutectic without showing 
evidence of Sn-Bi eutectic (melting point 138°C) 
during thermal analysis6. 

2. Sn-3.3Ag-1.0Cu-3.4Bi: This alloy was the 
highly rated in the NCMS 2001 study and was 
one of the alloys selected for extensive charac-
terization in the JCAA-JGPP study3. The alloy 
outperformed SAC and SnPb in manufactured 
circuit boards (high Tg board materials) in the 
latter effort, but did not do as well in reworked 
boards, in which hand soldering of eutectic SnPb 
was used to simulate repair of low-temperature 
circuit boards that had been originally soldered 
with Pb-free alloys. This specific parameter was 
intended to duplicate actual practices for aircraft 
circuit board repair, and it is not certain wheth-

mEchaNIcaL BEhavIOr OF BISmUTh PB-FrEE SOLDErS continues
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The alloys that were 
selected for this study 

had shown good perfor-
mance in circuit board 
reliability testing but 

had not been extensively 
characterized and had 
not been adopted for 
use by the consumer 
electronics industry 

for Pb-free assembly.
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er the results for this alloy in these test articles 
are due to the low-melting Sn-Pb-Bi eutectic or 
other factors. Subsequent analysis of the test re-
sults7 showed that test alloys were a less impor-
tant factor in reliability testing than component 
type for both thermal and vibration testing. 

Sample Preparation and Testing 
Solder alloys were purchased as bars in pre-

alloyed form from commercial vendors. In ad-
dition to the two Bi-containing alloys, SAC305 
was included as a reference alloy, as were SnPb 
and commercially pure Sn for selected test-
ing. Specimens for various tests were prepared 
in bulk form in graphite molds by heating to 
270°C and holding for 20 minutes, followed by 
rapid quenching to room temperature or 0°C, 
resulting in as-solidified microstructures similar 
to that observed in actual solder joints. Samples 
were tested in as-cast condition or aged 
condition, which consisted of 336 
hours in an inert environment 
at 150°C. After casting or ag-
ing, specimens were stored in 
a freezer at -10°C except dur-
ing machining or testing. 

Tensile specimens were 
machined from cylindrical 
blanks as round dogbones 
with threaded grips to con-
form to requirements in 
ASTM E8 standard for tensile 
testing of metallic materials. 
The cylindrical castings had a 
diameter of 9.5 mm, and the 
tensile specimens were ma-
chined with a gauge diameter 
of 4.1 mm and a gauge length 
of 16.3 mm. Tensile tests were 
performed on an Instron (In-
stron Corp., Norwood, MA) 
8800 series test frame at a strain 
rate of 8.3∙10-4 sec-1 at temperatures of 24, 75 
and 125°C. Three or four specimens were run at 
each temperature for both as-cast and aged con-
ditions of each alloy. Testing conditions were 
ambient air and samples were allowed to equili-
brate for 15–20 minutes prior to beginning the 
test. Strain measurements were made using a 
video extensometer.

Creep specimens were of a double shear ge-
ometry inspired by earlier work on the creep 
of pure Sn and pure Pb8. The specimen fea-
tures three grip sections of identical diameter 
and two reduced gauge sections. The specimen 
is held at each end and pulled in the middle 
by a fixed load, and approximates a constant 
stress condition to high strains. Specimens 
were machined from cylindrical castings with 
a diameter of 12.5 mm to dimensions of ap-
proximately 23 mm in length and an overall di-
ameter of 11.5 mm. The reduced gauge sections 
were each 2 mm long and 5.7 mm diameter. 
The specimen geometry is intended to keep the 
specimen at constant shear stress during the 
test, although pure shear is not strictly attained. 
Tests were performed at 42, 75, 100 and 125°C 
by submersing the sample and fixturing into 
a heating silicone oil bath. Room temperature 

tests were performed under ambient 
laboratory conditions. Tempera-

ture fluctuations in both cases 
were less than ±1 K over the 
duration of the tests. Creep 
tests were performed at rang-
es in applied stress equivalent 
to approximately 20–90% of 
the yield strength in tension, 
which worked out to a range 
of applied shear stress from 
3.5 MPa to 60 MPa, depend-
ing on the alloy and condi-
tion. The higher-strength 
Bi-containing alloys required 
higher creep test stresses and 
accounted for the higher test 
loads. 

Displacement of the sam-
ples was measured with an 

accuracy of 5 x 10-4 mm, or a 
strain of approximately 9 x 10-

5. Tests were concluded no sooner 
than having met one of two conditions: a) 
rupture or clear evidence of the onset of ter-
tiary creep, or b) extended period of apparent 
steady-state creep through a minimum test 
duration of 2.5 x 105 seconds (approximately 
three days). Several tests were run in excess of 
5 x 105 seconds. The nature of the alloys was 
that true steady-state secondary creep was not 
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attained so a minimum creep rate was substi-
tuted for steady-state creep rate where neces-
sary. 

Specimens for dynamic mechanical analysis 
(DMA) were prepared from rectangular graph-
ite molds that yielded bars measuring approxi-
mately 60 x 6.4 x 3.2 mm. These rectangular 
bars were reduced to a thickness of approxi-
mately 1.7 mm by manually grinding and lap-
ping roughly equal amounts of material from 
each face. DMA was performed using a TA In-
struments Q800 DMA in dual cantilever mode, 
in which the rectangular beam sample was 
fixed at its ends and the middle. Tests were run 
in both isothermal and temperature sweeping 
modes. For the former, measurements at fre-
quencies from 0.1 to 200 Hz were collected at 
0 and 24°C and displacements of 5, 10 and 20 
µm. A complete set of alloys and aging condi-
tions were run in duplicate only at 5 µm, which 
for a nominal beam thickness of 1.7 mm was 
equivalent to a strain of approximately 7.5∙10-5. 
Measurements above 50 Hz were discarded due 
to instrumental factors. Comparison of alloys 
in isothermal mode is made here most exten-
sively for tests run at 0°C because at the lower 
temperature there was less dependence of mea-
sured tan δ on strain. Additional tests were run 
as temperature sweeps using a displacement of 
5 µm at fixed frequencies from temperatures of 
-100 to +100°C.

results

Microstructures 
Details of as-cast and aged microstructures, 

including micrographs, of SAC-Bi, SnAg-Bi and 
SAC305 for the tests discussed herein have been 
previously published9, 10 and are only summa-
rized here. As reference, previously unpublished 
metallographic images of SAC305 at 400X mag-
nification are provided in Figure 1, and SAC-Bi 
and SnAg-Bi in Figure 2. All three alloys share 
similarities in their microstructures and re-
sponse to aging. In the as-cast condition the 
microstructure is dominated by the dendritic 
structure exemplified in Figure 1. Individual in-
termetallic particles that formed upon solidifi-
cation (SnAg3 and Sn5Cu6) were too small to 
be resolved even at 10,000x magnification in a 
scanning electron microscope. Aging at 150°C 
for 336 hours leads to ripening of these particles 
and loss of dendritic structure. Intermetallic 
particles are typically found stabilizing irregular 
grain boundaries.

The story for the two Bi-containing alloys 
is similar with respect to grain boundaries and 
Sn-Ag and Sn-Cu compounds. Bi does not form 
compounds with Sn, Cu or Ag, so it is present ei-
ther in solid solution or as a separate elemental 
phase. In as-cast SAC-Bi, Bi particles solidify at 
the edges of individual Sn dendrites. Given the 
undercooling of the primary β-Sn phase that oc-
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Figure 1: optical micrographs of as-cast (left) and aged (right) SaC305.
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curs during solidification of Pb-free solders and 
the relatively low temperature of the binary Sn-
Bi eutectic, the location of Bi particles is inter-
preted as evidence that the boundary between 
primary tin dendrites and eutectic regions is the 
last part of the melt to solidify. After aging, Bi 
precipitates are found predominantly found at 
grain boundaries. The solubility of Bi in Sn at 
the 423 K aging temperature exceeds the Bi con-
tent of the alloy, so the preferential nucleation 
and growth of Bi at heterogeneous nucleation 
sites due to aging suggests either that the Bi dif-
fused rapidly at room temperature after aging 
or was retained at grain boundaries even during 
extended aging.

The trends observed in SAC-3.4Bi are also 
true for SnAg-4.8Bi, but the distribution of Bi 
through the alloy is different due to differing Bi 
content. In the as-cast SnAg-Bi the Bi particles 
are found in the interior of the Sn dendrites 
(Figure 2), not at the dendrite-eutectic interface 
as in SAC-Bi. The logic for the SAC-Bi leads to 
the conclusion that the solidification of the Sn 
phase proceeds from the eutectic region to the 
interior of the dendrites. After aging the Bi dis-
tribution consists of 1–5 µm equiaxed particles 
along grain boundaries and a fine dispersion of 
sub-micrometer particles throughout grain in-
teriors. The room-temperature solubility of Bi in 
Sn is approximately 1.8 wt %, so the SnAg-Bi al-
loy contains approximately twice the Bi beyond 

the solubility limit as the SAC-Bi alloy. This dif-
ference accounts for the different microstruc-
tures in the aged condition of the two alloys.

The anisotropy of the tetragonal β-Sn unit 
cell has been noted for its influence on both 
mechanical behavior of Pb-free solder11 and sol-
der joint reliability12. The crystallographic ori-
entation of various samples was not assessed 
in the current work but there is no indication 
that results were unduly influenced by preferred 
orientation or very large grain sizes. The influ-
ence of preferred orientation of the Sn unit cell 
with respect to applied loads in the various tests 
should thus be considered part of the system-
atic error in the reported results.

Tensile Properties 
Tensile properties (yield strength and ulti-

mate tensile strength) for tensile tests performed 
at three temperatures are summarized in Table 
1. The Castin™ (AIM Solder) alloy was also test-
ed and is included in the table. The change in 
yield or ultimate strength due to aging is shown 
as a percentage.

There are two primary trends in Table 1. The 
first is the large difference in strength imparted 
to the SAC-Bi and SnAg-Bi alloys by the addition 
of Bi, and the second is the differences among 
the alloys in response of strength to aging. In 
SAC305, the considerable drop off in strength 
after aging is attributed to the loss of intact eu-

Figure 2: SeM bSe micrographs (1000x) of as-cast microstructure of SaC-bi (left) and Snag-bi (right). 
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tectic regions which constrain the deformation 
of the relatively softer primary β-Sn. The aged 
microstructure contains relatively less abundant 
and much larger intermetallic particles that are 
primarily found at grain boundaries. In uniaxial 
tension it is expected that these grain bound-
ary particles do not strengthen SAC305 and the 
drop in strength due to aging is dramatic, a re-
sult consistent with other investigations13, 14. 

The influence of Bi on Pb-free solder me-
chanical properties have been attributed to 
a combination of solid solution and particle 
strengthening for both SAC-Bi and SnAg-Bi9. 
The results in Table 1 show that the while the 
strengths of SAC-Bi and SnAg-Bi respectively are 
not too different from each other in the as-cast 
condition, the alloys respond to aging differ-
ently. The strength of SAC-Bi decreases after ag-
ing, although less in absolute and much less in 
relative terms than was observed for SAC305. In 
contrast, the strength of SnAg-Bi remains nearly 
constant. The microstructural changes that oc-
cur in aging of SAC-Bi are similar to those ob-
served in SAC305, with the additional feature 
of precipitation of grain boundary Bi particles. 
Therefore, the strength is diminished in a simi-
lar way by the loss of particle-reinforced eutec-
tic regions, an effect which is countered by the 
presence of Bi in solid solution. Aging of SnAg-
Bi leads to a ripening of Ag3Sn particles and ero-
sion of the eutectic region but it is accompanied 
by a redistribution of Bi particles that results in a 

fine dispersion of Bi throughout grain interiors, 
not only at grain boundaries. The small changes 
in tensile properties for this alloy are somewhat 
surprising in light of the dramatic differences 
between the as-cast and aged microstructure. 
This too is understood as the dual contribution 
to strengthening by Bi as particles and in solid 
solution, although the relative contributions of 
the two types of strengthening cannot be deter-
mined based on this data.

Creep 
Creep data for Pb-free solder alloys and  

multiple sample scales (e.g., bulk, lap shear 
and solder-joint scale) have been analyzed us-
ing both hyperbolic sine models and power law 
models15, 16:

Hyperbolic Sine Model:

Power Law Model: 

Creep data were analyzed in detail using 
both models in a previous publication10, but it 

Table 1: Tensile properties of Solders (all values in Mpa; average of three or four specimens per condition).
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should be noted that in that publication the use 
of hyperbolic sine model was used to compare 
the data for SAC-Bi and SnAg-Bi alloys to pub-
lished data for dilute Sn-Bi alloys17 and to com-
pare as-cast and aged SAC305 to published data 
for as-cast18 and aged19 bulk SAC396. The hyper-
bolic sine model may have merit as a modeling 
tool for solder joint deformation calculations, 
but when confronted with a change in creep 
behavior as a function of applied stress, it can 
obscure the actual operative creep mechanisms 
by rolling all data into a single expression with 
one stress exponent and activation energy. For 
example, comparing creep data for SAC305 at 
75°C reveals key differences between the as-cast 
and aged condition, as shown in Figure 3.

The as-cast SAC305 can be fit using a single 
power-law model, while the aged alloy could be 
fit using either a single hyperbolic sine function 
or a combination of a low-stress and high-stress 
power law function. In the case of aged SAC305, 
the change from a lower stress exponent at low-
er stress (n = 2.5) to a higher stress exponent 
(n = 7.8) at applied shear stress above roughly 
10 MPa at 75°C may mean that a different de-
formation mechanism needs to be considered 

at different loads, and that the transition be-
tween the two regimes is not likely to occur at 
the same shear stress in aged SAC305 as it does 
in as-cast SAC305. In general for all three alloys 
the transition between low and high stress oc-
curs at a temperature-compensated shear stress 
τ/G (where G is shear modulus) of approximate-
ly 4 x 10-4. 

While the previous publication provides de-
tails of the creep model parameters n and Q for 
each equation, a rough summary of the obser-
vations for all three alloys can be made using a 
single figure showing the measured steady-state 
or minimum shear strain rate as a function of 
temperature under a constant stress of 8.7 MPa, 
as shown in Figure 4.

While higher applied loads were necessary 
during testing to complete tests in a reasonable 
amount of time, lower stresses such as 8.7 MPa 
(~1250 psi) are more representative of the types 
of thermomechanical loads that might be ex-
pected in solder joints in actual applications. In 
this case, the data show that SAC305 is most 
creep resistant in the as-cast condition, but in 
the aged condition it deforms more rapidly than 
any other alloy. The 8.7 MPa stress in Figure 4 

Figure 3: Creep data for as-cast and aged SaC305 tested at 75°C.
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figure 4: comparison of shear strain rates of alloys in aged and as-cast condition. Previously unpub-
lished results for Castin (SaC-Sb) are also shown.

is a larger fraction of the yield strength in as-
cast SAC305 than for SAC-Bi or SnAg-Bi, so the 
change in creep strain rates in SAC305 with ag-
ing is due to the shift to the high stress regime 
with higher stress exponent n for the aged alloy 
even though at the same applied load. At the 
other extreme, the measured creep strain rates 
for SnAg-Bi do not change due to aging. 

While the details of creep analysis are im-
portant, the quantitative results of creep testing 
can be summarized as follows10: 

• Aging decreases the apparent activation 
   energy of creep for SAC305 and SAC-Bi; 
• Aging has minimal effect on the activation 
   energy of SnAg-Bi; and 
• The activation energy of creep in SAC305 
   is lower than SAC-Bi and SnAg-Bi in either 
   as-cast or aged conditions. 

In practical terms, the implications of the 
first two of these three statements are captured 
to a great extent in Figure 4: The creep rates of 
SAC305 and SAC-Bi will change with the mi-
crostructural changes that occur during aging, 
but the creep rate of SnAg-Bi will remain nearly 

constant. It has been found that extended aging 
of SnPb at 125°C had minimal effect on room-
temperature creep rates of Sn-37Pb13, so the 
behavior of SnAg-Bi is similar to SnPb in that 
respect. 

Damping capacity 
Damping capacity is reported as loss tangent 

(tanδ), where the loss angle δ represents the 
phase angle between stress and strain. The loss 
angle is related to the engineering quantity spe-
cific damping capacity Ψ by the relationship: 

Ψ =2πtanδ 
The specific damping capacity refers to the 

ratio of the energy dissipated to maximum 
elastic energy stored20; in the DMA testing the 
source of the elastic energy is the cantilever 
bending imposed by the test frame. Presumably 
higher damping capacity could lead to better 
dynamic performance, with less elastic energy 
from impacts available to cause failures in inter-
metallics or pad cratering. For SAC solders the 
energy stored during the input of elastic energy 
may provide a similar driving force for micro-
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structural evolution as observed during isother-
mal aging, although by a different route than 
particle coarsening. For example, decrease in 
hardness was measured as a function of shear 
fatigue cycles even though the typical interme-
tallic particle size did not change as a result of 
the applied elastic/plastic loads21.

The testing temperature is suffi-
ciently high relative to the melt-
ing points of the alloys that at 
0°C, the damping behavior is 
attributed to thermally activat-
ed dislocation movement that 
is sensitive to microstructural 
factors such as grain size and 
dislocation density22. Literature 
data for high purity tin23 are 
seen to be consistent with the 
present data, including the small 
absorption peak that occurs in 
several alloys but not Sn-37Pb. The 
general behavior of all of the Pb-free al-
loys appears to be consistent with the response 
of the β-Sn matrix to the elastic input, while the 
differences between them are attributed to indi-
vidual characteristics of the microstructures. 

While the log-log nature of the tanδ vs. fre-
quency plots obscures the magnitude of the 
change between as-cast and aged Sn-37Pb, there 
is a roughly 0.011 decrease in tanδ due to aging, 
which is the largest measured change of all the al-
loys. The coarsening of lamellae in Sn-37Pb leads 
to reduction in the number of phase boundaries 
which is presumably responsible for the decrease 
in damping. In the Pb-free alloys, the behavior 
of SAC305 with respect to aging is the opposite 
of SAC-Bi and SnAg-Bi, as aging SAC305 leads to 
an increase in damping capacity while it is de-
creased in the Bi-containing alloys. For SAC305, 
the positive change is attributed to the forma-
tion of a continuous Sn matrix. For SAC-Bi and 
SnAg-Bi the decrease is consistent with the gen-
eral notion that a coarsening of the microstruc-
ture and annealing reduces damping capacity.

The plot of tanδ vs. temperature at a single 
frequency (in this case 10 Hz) in the presentation 
charts shows that considering the data at only 
0°C does not provide a complete picture of the 
behavior of these alloys. As the test temperature 
reaches room temperature and above, tanδ of the 

Bi-containing alloys increases dramatically rela-
tive to SAC305, so that above 50°C damping ca-
pacity of SnAg-Bi actually exceeds SAC305 while 
SAC-Bi exceeds SAC305 in the as-cast condition. 
The trends in damping capacity as a function of 
temperature can be compared to results for com-

mercially pure Sn and Sn-37Pb. This 
comparison shows that SAC305 

behaves like Sn, exhibiting a 
gradual and relatively small 
change over the 200-degree 
change from –100 to + 100°C. 
SAC-Bi and SnAg-Bi are more 
like SnPb, in which a relative-
ly large increase in tanδ occurs 
as temperature increases past 
room temperature. Given the 
similarities between the bi-
nary phase diagrams of Sn-Pb 

and Sn-Bi, the results for damp-
ing capacity indicate that the Sn-

Bi interfaces are more important in 
determining the behavior of SAC-Bi and SnAg-Bi 
than the intermetallic particle-Sn matrix inter-
faces in SAC305. 

conclusions 
The objective of this research was to charac-

terize the mechanical metallurgy of alternative 
solder alloys for high-reliability applications. Key 
differences in use of high-reliability electronic 
systems compared to mass-produced consumer 
electronic devices include harsh deployment en-
vironments and length of service life. Electronic 
systems installed in a satellite, for example, may 
be built years before the spacecraft is launched 
and then must survive many years in orbit with 
no opportunity for repair or replacement. The 
system life cycle, sustainability requirements 
and usage environments for space vehicles dif-
fer from airborne systems and there is no reason 
to expect that the optimal solder alloy for space 
is the same for aircraft. Characterizing behavior 
and performance of solder joints over long time 
scales may not be a high priority for consumer 
electronics manufacturers, although the docu-
mented changes in SAC alloy microstructures 
due to isothermal aging and their impact on reli-
ability have been documented24, 25. 

The selection of Bi-containing alloys was 

The coarsening of 
lamellae in Sn-37Pb 
leads to reduction in 
the number of phase 
boundaries which is 

presumably responsible 
for the decrease 

in damping. 

“

”
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based on their performance in early circuit-board 
reliability testing programs. The mechanical be-
havior of these alloys shows that the addition of 
Bi to SnAg or SAC leads to a different response 
to isothermal aging than is seen in SAC305. 
These results do not necessarily explain the per-
formance of Bi-containing alloys in reliability 
testing, but they do show the extent to which 
the mechanical behavior of different alloys can 
vary. The results of this research demonstrates 
the need for microstructure-based material prop-
erties for modeling of solder joint behavior in 
long-lifetime high-reliability systems but they 
also suggest that the additions of small amounts 
of Bi could decrease changes in solder alloy prop-
erties over time and result in more readily pre-
dictable solder joint deformation. 
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SummarY: this article examines the nature, 
consequences and mitigation of electrical over-
stress (eoS) caused by electromagnetic interfer-
ence (emi), or electrical noise, on power lines and 
ground in a manufacturing environment. 

Introduction 
Soldering irons, solder extractors and other 

equipment that comes in direct electrical con-
tact with sensitive components can inject sig-
nificant energy into these devices. Specifically, 
metal-to-metal contact between the tip of the 
soldering iron and pins of the components can 
be a gateway for high current that can cause sig-
nificant device damage. 

Where would a soldering iron tip get volt-
age? After all, it is supposed to be grounded, 

just like the PCB to which the components are 
being soldered, so theoretically there should be 
no difference in voltage and thus no harmful 
currents between the tip of the iron and the de-
vices. This, however, may only be true for DC 
or for very low frequencies such as power mains 
(50/60Hz). For high-frequency signals it may be 
very different. 

Transient Signals: 
a Source of Electrical Overstress 

Assuming the tip of the iron is properly 
grounded, the voltage on it can arrive mainly 
via ground connection and to some degree via 
capacitive coupling between the heating ele-
ment and the tip. 

Ground by itself is not a generator of any 
signal. However, grounding wires connect the 
entire factory and once some stray electrical sig-
nal enters grounding network, this signal can 
reach quite far. 

by vladimir kraz 
onfIlTer Inc.

EOS Exposure of Components 
in Soldering Process
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Main source of voltage on ground is tran-
sient signals leaked from power lines. Transient 
signals can come from a number of sources, 
such as switched power supplies, thyristor con-
trol, servo motors, equipment commutation 
and so on1. These signals can reach significant 
magnitude. Figure 1 shows a transient signal on 
a power line caused by turning on ubiquitous 
heat gun. As seen, the peak signal reaches 8.7V 
and this is not the highest magnitude found in 
manufacturing environment where plenty of 
high-current equipment is operating.

By virtue of neutral and ground being even-
tually connected together at some point, and 
because of leakage currents (parasitic currents 
between power lines and ground) present in al-
most all equipment and, to a much higher de-
gree, in manufacturing equipment, these tran-
sient signals are also present on ground. Cur-
rent leakage at high frequencies is significantly 
higher than often-specified leakage at power 
line frequencies.

This is due to much-reduced impedance 
of parasitic capacitance coupling at higher 
frequencies. With the complexity of ground-
ing network and increased leakage at high fre-
quencies in the soldering iron itself, there is 
a strong possibility of current spikes between 
grounded iron tip and grounded PC board 
with components. 

What is acceptable and Safe? 
There are a number of standards and rec-

ommendations limiting signal on the tip of a 
soldering iron. The ESD Association’s STM13.1-
20002 sets current limit at 10mA and voltage 
limit at 20mV. While the test set-up in this doc-
ument implies mains (50/60Hz) signal, there 
is no stated limit of properties of the signal. It 
should be noted that the current limit in this 
document is about 15 years old (it takes at least 
three years to finalize and to release a document 
within the standards organizations); the current 
limits now should be substantially lower to re-
flect higher sensitivity of today’s components. 

Now-obsolete MIL-STD-20003 and its asso-
ciated military standards specify no more than 
2mV RMS voltage on the tip. RMS values may be 
very misleading for transient signals. 2mV RMS 
may translate into quite high peak-voltage of 
transient signal; the voltage spikes can be very 
narrow (i.e., have very short duty cycle). Figure 
2 shows the difference between peak and RMS 
values of a transient signal, and from turning 
on the same heat gun on a workbench where 
the time base was spread to the degree where 
typical multimeter can measure it. 761mV peak 
translates into only a 15.8mV RMS signal, a 48x 
ratio in this case. For this type of waveform, a 
2mV RMS signal would translate into 96mV 
peak signal. Obviously, RMS value is not the 

feaTure
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figure 1: Transient signal on power line caused 
by turning on heat gun.

Figure 2: rMS and peak values of a transient 
signal typical on power lines.



March 2014 • SMT Magazine    47

best way to specify signal on the tip of the iron. 
A common multimeter often used for this pur-
pose provides measurements of either RMS val-
ue or close to average—good for 50/60Hz, but 
unusable for transient high-frequency signals.

IPC-TM-650 section 2.5.33.2 allows for 2V 
peak voltage on the tip of the soldering iron, 
which is extremely high; section 2.5.33.3 of the 
same document allows maximum of 1µA of cur-
rent measurable with a multimeter, not a scope 
thus providing RMS or average value. 

In dissent with the above IPC standards, 
IPC-A-610-E4, the most fundamental document 
controlling quality of PCB assembly, provides 
the following instructions:

3.1.1 EOS/ESD Prevention—
Electrical Overstress (EOS) 

...Before handling or processing sensitive com-
ponents, tools and equipment need to be carefully 
tested to ensure that they do not generate damaging 

energy, including spike voltages. Current research 
indicates that voltages and spikes less than 0.5 volt 
are acceptable. However, an increasing number of 
extremely sensitive components require that solder-
ing irons, solder extractors, test instruments and 
other equipment must never generate spikes greater 
than 0.3 volt.

IPC-77115, which provides directions for 
rework of the electronic circuits, mimics IPC-A-
610-E.

Which measurements are Important 
Let’s examine the properties of the EOS 

signal caused by conducted EMI. As a rule, 
conducted emission signals are high-energy 
signals(i.e., having low output impedance and 
capable of delivering high currents). The rea-
son for this is that creation of disturbances on 
low-impedance power line requires power and 
only truly low-impedance sources of noise can 

feaTure
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Figure 3: Test setup for measuring eoS exposure.
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deliver. Even fairly low voltage transient signals 
on power lines can be quite dangerous because 
of their current capability.

Current is a better measure of EOS safety 
of sensitive devices since it is the current that 
causes actual damage (with very few excep-
tions). In addition, due to complex imped-
ances the current capability of some devices 
and boards may be limited at high frequencies; 
therefore, voltage measurements alone may not 
be a definitive indication of current injection 
into the circuit. 

Another factor in favor of current measure-
ments vs. voltage is that strong transient signals 
on power lines and ground can easily inject cor-
responding signals into oscilloscope probe ca-
bles via radiated emission thus distorting volt-
age measurement results. Injection of radiated 
signal into current probe is significantly less 
than into a voltage probe due to a number of 
factors, including lower impedance of the cur-
rent probe arrangement. We will focus on mea-
surements of current. 

A typical setup of a workbench is seen in 
Figure 3. A grounded metal plate is used in lieu 

of a PCB as the worst-case scenario. Current is 
measured using a Tektronix CT1 current probe6 
with bandwidth of 1GHz. This probe has con-
version factor of 5mV/ma, meaning that 1mA 
of current would be seen as 5mV on the oscil-
loscope.

There are many sources of noise in manu-
facturing environment. Some of them are ran-
dom, such as transients from turning on and 
off a typical heat gun or other piece of equip-
ment. Others are periodic, synchronized with 
the waveform of voltage on the mains (50 or 60 
Hz). Periodic transient signals are caused by a 
variety of equipment, including heaters, bright-
ness control for vision systems and countless 
more. For the purposes of repeatability of the 
data we will focus on periodic signals. An easily-
reproducible noise from a common light dim-
mer connected to a 60W light bulb was used in 
tests described below. 

Figure 4 depicts such transient signal on 
power lines and corresponding current between 
the tip of the soldering iron and the compo-
nent in the setup of Figure 3. As seen, the peak 
current from the tip (19.12mA) is significantly 

higher than allowed by ESDA 
STM13.1-2000. It should be not-
ed that typical transient signals 
on power lines in the industrial 
settings are often significantly 
higher than the ones shown in 
Figure 4; see earlier Figure 1. 

Data from previously-pub-
lished sources corroborate the 
above data. Raytheon, in its pa-
per7 presented at the ESD Sym-
posium in 2005, show transient 
currents at the tip of soldering 
iron reaching 1000mA. 

how Does the Noise 
Get on the Tip of the 
Soldering Iron? 

Although the tip of most 
professional-grade soldering 
irons is grounded quite suf-
ficiently for DC and very low 
frequencies, at high frequencies 
the situation is quite different. 
Figure 5 shows how the solder-

feaTure
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figure 4: Transient on power line from periodic signal and resulting 
current from the tip.
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If the voltage on the tip is the same as the 
voltage on the PCB or on the soldered com-
ponents, then there won’t be any current. At 
DC and 50/60Hz the grounding scheme of 
professional soldering irons typically works 
well.

At high frequencies the voltage between 
the tip and the components is nearly impos-
sible to equalize due the complex impedance 
of overall grounding wiring. This impedance 
causes, among other things, ground bounce8 
and phase shift, as well as resonance and 
ringing9. What sometimes aggravates the sit-
uation is that some factories opt for a sepa-
rate “ESD Ground,” a different grounding 
network which is eventually connected to a 
facility ground. The long wires in these two 
grounding networks leading to the soldering 
iron and to the workbenches greatly contrib-
ute to a voltage differential at high frequen-
cies. Figure 6 shows the current from the tip 
of the iron in several situations with different 
distances between where the soldering iron is 
plugged in and grounding of the workbench/
PCB. As seen, the difference in current reach-
es ~80%. 

ing iron and a workbench look like at high fre-
quencies.

Several factors are at play (in no particular 
order of significance): 

• Noise on power lines induces correspond-
ing noise on ground via capacitive and induc-
tive coupling, as well as via leakage currents 

• Switched power supplies (the ones that 
are used in soldering irons to convert 120/250V 
down to a typical 24V) can be transparent for 
high-frequency signals due to a number of fac-
tors, parasitic capacitance being the dominant 
one. The noise from the mains thus can propa-
gate to the low-voltage line of the iron’s heating 
element 

• Switched power supply inside the solder-
ing iron can be a source of noise by itself 

• Iron’s heating element is capacitively cou-
pled with the tip allowing propagation of high-
frequency signals 

• Ground wires—from mains to the iron’s 
supply, from the iron’s supply to the iron it-
self and from the soldered object to the facility 
ground—have complex impedance, including 
resistance and inductance 

feaTure
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figure 5: noise propagation in the soldering iron.
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Soldering Iron Properties 
Are all soldering irons alike in generating 

and/or passing the noise down the tip? What 
about top-of-the line soldering irons? If there 
is a current from the tip of the soldering iron, 
does it mean that the iron itself is defective or 
unsuitable for work with sensitive components? 

High-frequency currents from the tip of the 
professional-grade properly-installed iron are 
caused not by the iron itself, but by the reality of 
complex facility topology, wiring and operation 
of equipment. Soldering iron is just one com-
ponent in soldering process and no matter how 
good it is it cannot fundamentally solve the issues 
of facility by itself. In short, if you have a quality 
soldering iron, it is doing its job. It is a user’s task 
to provide safe EOS environment for the entire 
bench where the iron is only one of components. 

mitigating Effects of Transient Signals 
on Power Lines and Ground

If the sources of transient signals on power 
lines is known and can be removed without af-
fecting production process, then the reduction 
of current from the tip of the soldering iron is 
relatively simple. However, too often the source 
is either unknown or cannot be removed. The 
only remaining options are grounding manage-
ment and filtering out the transient signals on 
power lines and ground. 

Grounding management 
Re-routing of ground connection and sepa-

ration of “noisy” ground from a clean one can 

help to reduce harmful currents. Techniques 
recommended and explained in this paper4 
help to alleviate some of the noise issues. Spe-
cifically, low impedance to facility ground and 
separation between noisy and quiet grounds 
and connecting soldering iron and the work-
bench to the quiet ground often result in lower 
level of transient signals. 

As shown in Figure 6, grounding of the 
workbench and of the soldering iron as close as 
possible to each other can significantly reduce 
current exposure during soldering.

Grounding management alone, however, 
cannot satisfactory resolve noise issues since 
the source of EMI is not removed and the prob-
lematic signal still present in the soldering iron. 

Filtering Out the Noise 
Unless noise on power lines and ground is 

greatly reduces, there always will be a possibil-
ity of EOS exposure during soldering. Intel rec-
ommends10 power line filters as the first line of 
defense against EOS.

These filters suppress noise on power lines 
and provide soldering iron with relatively clean 
power. Some EMI filters also suppress noise in 
ground line. 

Figure 7 shows recommended application of 
power line EMI filter with the soldering iron. It 
is important to connect ground of your work-
bench or tool to the ground terminal of the fil-
ter, not to the facility ground—the filter creates 
a quiet “EMI ecosystem” at its output. Figure 8 
shows the current from the tip of the iron used 

feaTure

figure 6a: Pcb is grounded 
~1.5 m from the iron.

figure 6b: Pcb is grounded 
~18” from the iron.

Figure 6c: pCb is grounded next 
to the iron.
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with OnFILTER’s APN515LG filter under the 
same noise on power lines as in Figure 4. As 
seen, the current from the tip becomes negligi-
bly low. 

This requires specially-designed filter op-
timized for soldering process properties. Some 
soldering irons that include a “generic” type of 
filter can actually add noise7. This paper9 pro-
vides explanation of this phenomenon.

conclusion 
High-frequency signals on power lines and 

ground can drive high currents into sensitive 
devices during soldering, resulting in electrical 
overstress and device damage. Proper analysis 
of the soldering environment, as well as any 
environment where conductive objects come 

EOS EXPOSUrE OF cOmPONENTS IN SOLDErING PrOcESS continues

feaTure

Figure 7: Soldering iron with power line eMi filter (onFilTer model apn515lg).

Figure 8: Soldering tip current after power line 
eMi filter (onFilTer model apn515lg).
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feaTure

in contact with the sensitive devices and imple-
mentation of preventive and corrective mea-
sures improves yield and reduces EOS-caused 
failures.  SmT 
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a new breed of ultra thin super-material has 
the potential to cause a technological revolution. 
artificial graphene should lead to faster, smaller, 
and lighter electronic and optical devices of all 
kinds, including higher performance photovol-
taic cells, lasers, or leD lighting.

for the first time, scientists have been able 
to produce and analyse artificial graphene from 
traditional semiconduc-
tor materials. Such is 
the scientific importance 
of this breakthrough, 
in findings published 
recently in one of the 
world’s leading physics 
journals, Physical review 
X. a researcher from the 
university of luxem-
bourg played an impor-
tant role in this highly 
innovative work.

graphene (derived 
from graphite) is a one 
atom thick honeycomb 
lattice of carbon atoms. 

This strong, flexible, conducting, and transpar-
ent material has huge scientific and technological 
potential. Just recently discovered in 2004, there 
is a major global push to understand its poten-
tial uses. artificial graphene has the same honey-
comb structure, but in this case, instead of carbon 
atoms, nanometer-thick semiconductor crystals 
are used. changing the size, shape and chemical 
nature of the nano-crystals makes it possible to 
tailor the material to each specific task.

The university of luxembourg is heavily in-
volved in cross-border, multidisciplinary research 

projects. In this case 
it partnered with the 
Institute for electron-
ics, Microelectronics, 
and nanotechnol-
ogy (ieMn) in lille, 
france, the Debye 
Institute for nano-
materials Science and 
the Institute for Theo-
retical Physics of the 
university of utrecht, 
netherlands and the 
Max planck institute 
for the Physics of 
Complex Systems in 
Dresden, germany.

Artificial Graphene a new Breed 
of Ultra-thin super-material
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Show preview

This year, the Mandalay Bay Hotel and Con-
vention Center is the site for the industry’s pre-
mier event, with 430 exhibitors from more than 
50 countries. Featuring advanced and emerg-
ing technologies in printed board design and  
manufacturing, electronics assembly, test and 
printed electronics, APEX is a great place to find 
new suppliers with new solutions and connect 
with colleagues from around the world. Plenty 
of free offerings are on hand—follow these links 
for a complete online show brochure or event 
schedule.

Here are a few highlights of what attendees 
may expect include:

• 430 exhibitors showing equipment, 
materials and services for printed boards and 
electronics manufacturing—plus printed elec-
tronics! There›s no better place to see and com-
pare.

• The largest technical conference for our 
industry in the world. Highly selective, the 
conference presents new research and innovations 
from experts in the fields of electronics assembly, 
test and board fabrication and design.

• FREE! Industry poster sessions—Catch up 
on the latest research and meet the authors.

• Professional development courses provide 
comprehensive updates on pressing industry 
concerns.

• Standards development meetings that help 
shape the future of our industry.

• IPC International Hand Soldering Grand 
Championship—Compete in or watch the ex-
citement on the show floor.

• Other happenings on the show floor in-
clude the Show Floor Welcome Reception on 
Tuesday and a display of cutting-edge products 
and services in the New Product Corridor.  There 
are also plenty of informational resources at the 
IPC Bookstore.

• Networking opportunities including an 
International Reception, First-Timers’ Welcome, 
IPC Tech Talk, Women in Electronics Networking 
Meeting, and IPC Government Relations Com-
mittee Open Forum allow attendees to meet 
colleagues, get updates on key issues and share 
ideas.

To register to attend IPC APEX EXPO 2014, 
click here.

For an inside look at the show and in-depth 
interviews with industry insiders directly from 
the show floor, be sure to visit I-Connect007’s 
Real Time With… site during the show. We’re the 
only publication posting interviews and events 
in real time!

https://www.ipcapexexpo.org/html/main/brochure.htm
https://www.ipcapexexpo.org/html/main/event-schedule.htm
https://www.ipcapexexpo.org/html/main/event-schedule.htm
https://www.ipcapexexpo.org/html/main/exhibitor-list.htm
http://www.ipcapexexpo.org/html/main/technical-conference.htm
http://www.ipcapexexpo.org/html/main/professional-development-courses.htm
http://www.ipcapexexpo.org/html/main/standards-development-meetings.htm
http://www.ipcapexexpo.org/html/main/hand-soldering-competition.htm
http://www.ipcapexexpo.org/html/main/hand-soldering-competition.htm
http://www.ipcapexexpo.org/html/main/special-events.htm#corridor
https://www.ipcapexexpo.org/html/main/special-events.htm#corridor
http://www.ipcapexexpo.org/html/main/special-events.htm#international
http://www.ipcapexexpo.org/html/main/register-now.htm
http://www.realtimewith.com/
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Show preview

Opening Keynote Address:
Tuesday, march 25, 2014
8:30–9:30 a.m.

Peter Diamandis, m.D.
Creating a World of 
Abundance

Peter Diamandis, M.D., is 
a dynamic inspirational speaker and tech en-
trepreneur who will share his insights about 
how breakthroughs in exponentially growing 
technologies like artificial intelligence, nano-
materials, 3D printing, robotics and digital 
medicine will re-engineer products, companies, 
industries—and even society—over the next 
20 years. Diamandis will explain how human 
society has evolved from “local and linear” to 
“global and exponential,” and how this change 
has not only spawned the creation of new bil-
lion dollar start-ups out of nowhere, but also 
led to the demise of 50-year-old billion-dollar 
companies overnight.

Through his work as chairman and co-
founder of Singularity University and chair-
man/CEO of X PRIZE, Diamandis has proven 
the transformational power that exponentially 
growing technology has on companies, govern-
ments and humanity—and on “do-it-yourself” 
technologists and small companies who can 
now achieve what only governments or large 
corporations could do before.

Day Two Keynote Address:
Wednesday, march 26, 2014 
9–10:00 a.m.

James mcLurkin
Swarm Robotics and the Toys, 
Movies and Insects that Made 
it all Possible

They will flock. They will swarm. And they 
will tackle the dangerous, dirty and dull jobs 
for which humans are inherently ill-suited. 
They’re multirobot systems—and one day they 
will become the norm, according to roboticist, 

inventor, researcher and teacher, James McLur-
kin. Inspired by the complex group behaviors 
found in ants, bees, wasps and termites, McLur-
kin’s work focuses on developing software and 
programming techniques for groups of autono-
mous robots with populations ranging from 10 
to 10,000.

As a child, McLurkin was constantly play-
ing with Star Wars® toys and building with 
LEGO® bricks, cardboard boxes and any other 
materials he could access. Today, armed with 
degrees in electrical engineering and computer 
science from M.I.T. and University of Califor-
nia, Berkeley, McLurkin continues to harness 
his inventiveness to develop the robot swarms 
that will one day perform jobs ranging from 
warehouse operations to search-and-rescue 
missions to Mars exploration. Don’t miss this 
fascinating look at the future of robotics and 
the technology that is making it happen.

Day Three Keynote Address:
Thursday, march 27, 2014
9–10:00 a.m.

Diandra Leslie-Pelecky, Ph.D.
The Physics of NASCAR

How do you design and man-
ufacture a car that will move at 
speeds in the neighborhood of 200 mph (321 
km/h), yet handle with precision and, most 
important, keep the driver alive? What tech-
nology makes a NASCAR car different from the 
vehicles you see on the highway?

In a presentation based on her book, “The 
Physics of NASCAR,” physicist and researcher 
Diandra Leslie-Pelecky, Ph.D., will take you be-
hind the scenes of America’s most popular spec-
tator sport—and explain the feats of engineer-
ing that make NASCAR work. Drawing on her 
extensive access to NASCAR race shops, drivers, 
crew chiefs, engine builders and pit crews, Dr. 
Leslie-Pelecky will trace the lifecycle of a race-
car, from its creation at leading race shops to 
competing in the action of the NASCAR series.
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Show preview

Free IPc aPEX EXPO BUZZ sessions
Eight free BUZZ sessions will be offered 

at IPC APEX EXPO this year. The industry’s top 
technical experts on subjects ranging from au-
tomotive and new technologies to conflict min-
erals, export controls and technology roadmaps 
will provide insights into timely issues. Admis-
sion to the BUZZ sessions and the exhibit hall is 
free to pre-registrants, a savings of $25 on-site. 
Click the link above for BUZZ session times and 
a complete schedule. 

This year’s BUZZ session topics:

• Underwriters Laboratories: Updates
• Advanced Fabrication Instruction  

         Exchange Between Design and 
   Manufacturing: The IPC-2581B Model
• Promoting Excellence: New IPC Standards  
   for Reliability and Quality, and IPC 
   Validation Services Program
• Forbidden by the Government: 
   Electronics’ Materials Restrictions
• INEMI Sustainability Forum
• Counterfeit Components
• What’s Coming in 2015 in Electronic 
   Technology Roadmaps

IPc EmS management council 
meeting

monday, march 24  
8:00 a.m.–5:00 p.m. (includes networking 
breakfast, lunch and dinner)

With a unique high-level focus, this event 
will provide information on current trends and 
strategies so you can make the best choices 
for your company’s future. Network with your 
peers and learn how other EMS executives are 
resolving problems that you are also facing.  For 
a complete meeting agenda, including topics to 
be covered, click here. Note: Must be a represen-
tative of an EMS company to attend.

IPc aPEX EXPO 2014 
Technical conference

The IPC APEX EXPO technical conference is 
known worldwide as one of the finest and most 
selective in the world. Learn about new research 
and innovations from key industry players in 
the areas of board fabrication and design and 
electronics assembly.

Sign up for one day, the full conference or 
an All-Access Pass. Click here for complete reg-
istration information and forms.

https://www.ipcapexexpo.org/html/main/buzz-sessions.htm
https://www.ipcapexexpo.org/html/main/ems-agenda.htm
http://www.ipcapexexpo.org/html/main/technical-conference.htm
http://www.ipcapexexpo.org/html/main/register-now.htm
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Show preview

Professional Development courses

Sunday and monday, march 23–24
Thursday, march 27

This year, 29 professional development 
courses are being offered, with each three-hour 
course focusing on a critical issue within nine 
specialized areas, including: assembly processes 
for lead free and tin-lead soldering; cleaning, 
coating and contamination; design; emerging 
technologies; environmental issues and com-
pliance; PCB fabrication and materials; printed 
electronics; quality, reliability and test; and sup-
ply chain/business issues. Course attendees will 
receive an instructional handbook to reinforce 
key information and use as a reference when 
they return to work.

Among the instructors leading the courses 
are Rainer Thueringer, Ph.D., Technische Hoch-

Real Time with… 
Interviews and Panel Discussions

This year, I-Connect007 and the Real Time 
with... program returns to Las Vegas, Nevada to 
bring you complete video coverage of IPC APEX 
EXPO 2014. Last year, we brought you more 
than 150 interviews—and this year promises to 
be just as prolific. 

The Real Time with… team of editors, guest 
editors,  and videographers will be working 
throughout this seminal event to capture the 
keynotes and bring you one-on-one interviews 
and panel discussions with the industry’s top 
technologists, engineers, and business leaders 
as it happens! 

Visit Real Time with... for updated informa-
tion about IPC APEX EXPO 2014.

The PcB List—Find out what it’s all 
about in the I-connect007 booth!

Brought to you by PCB007, The PCB List is 
the world’s most comprehensive online directo-
ry of printed circuit manufacturers, anywhere.  
Buyers, specifiers, designers and others looking 
for a PCB fabricator will appreciate the intui-
tive navigation, detailed search capability, and 
global reach of The PCB List.   With a Showcase 
listing, a PCB fabricator can create a neat, orga-
nized presentation that puts all pertinent infor-
mation at a potential customer’s fingertips.  

Drop by the I-Connect007 booth to see for 
yourself how easy it is to find a fabricator, or 
create a Showcase listing!

schule Mittelhessen; S. Manian Ramkumar, 
Ph.D., Rochester Institute of Technology; Phil 
Zarrow, ITM Consulting Inc.; Jennie Hwang, 
Ph.D., Sc.D., H-Technologies Group; Ray Prasad, 
Ray Prasad Consultancy Group; Gerjan Diep-
straten, Vitronics Soltec; and Mike Bixenman, 
DBA, Kyzen.

Click here for a complete list of professional 
development courses and instructors.

http://www.realtimewith.com/pages/show.cgi?rtwsid=64
http://www.realtimewith.com/
http://www.thePCBlist.com
http://www.ipcapexexpo.org/html/main/professional-development-courses.htm
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SummarY: trends in the automotive market 
are leading to an increasing need for new solder 
alloys. this article will discuss the reliability of soft 
soldering alloys at higher temperatures, as well as 
possibilities for different applications. 

New technology trends in the automotive 
market include high-power modules for e-mobil-
ity, and a combination of logic and power which 
will be developed for increased economy, safety 
and reliability. One of the most important chal-
lenges is the electrical system and the realization 
of complete energy management. The connec-
tion between sensor, logic and control units, as 
well as power transmission for electrical vehicles, 
is the electronics assembling technology. 

This article will discuss and show results 
of reliability in soft soldering alloys (based on 

by Jörg Trodler 
heraeuS MaTerialS TeChnology gMbh & Co. Kg

Assembly Materials for 
High-Temperature Applications

feaTure

lead-free requirements) for higher temperature 
s (>125°C–175°C), as well as possibilities for dif-
ferent applications. Therefore, it will present 
the basis of the material and the realization for 
processes for the electronics assembly technol-
ogy. Furthermore alternatives and development 
stages for temperatures above 200°C will be dis-
cussed.

Introduction
Important requirements for applications 

that combine power and logic devices include:

• High power density
• High reliability
• High heat conductivity
• Ambient condition more than 150°C
• Lead-free technology
• Lifetimes longer than 15 years
• Cost
• And of course, optimum methods for 
   combining power and logic



http://smtonline.com/magtracker/?mag=smt1403&page=61&link=http://www.technica.com
http://smtonline.com/magtracker/?mag=smt1403&page=61&link=http://www.technica.com
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This leads to a need for assembly materials 
with improved properties.

As state-of-the-art for power modules’ pre-
forms and solder paste are based on eutectic tin/
silver (SnAg3.5) or tin/silver/copper (SAC) with 
3 or 4% silver, the eutectic SnAg3.5 alloy has 

worked up to 125°C for years. For temperature 
above 125°C, these alternatives can be used:

• Special alloys for soft soldering (e.g., HT1)
• Sinter paste/Sinter adhesive
• Diffusion soldering (e.g., HotPowCon [HPC])

feaTure

aSSEmBLY maTErIaLS FOr hIGh-TEmPEraTUrE aPPLIcaTIONS continues

figure 1: assembly of a power module.

Table 1: Table of soft solder alloy for the electronics.
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Soft Solder alloy
The table in Figure 2 shows a list of soft sol-

der alloys that are already in use for electron-
ics. All alloys are based on tin (Sn) and thus not 
low-temperature alloys like SnBi.

SAC alloys have been in use for standard ap-
plications on organic PCB substrates in electron-
ics for years. The eutectic SnAg3.5 are mostly 
used for thick film applications (TF), as well as 
power electronics based on direct copper bond-
ing (DCB) for temperatures up to 125°C, and 
in some applications even higher. The applica-
tion field for Innolot solder paste on PCBs is up 
to 150°C, and can withstand a higher number 
of cycles (1–3) on organic PCB substrates. But 
Innolot will not work for power or TF appli-
cations; the HT1 alloy has been developed for 
such applications.

metallurgical aspect for hT1
Based on an investigation for BGA balls, an 

alloy has been developed for increasing the re-
sistance to thermal cycling with higher temper-
ature differences. Due to the fact that BGA balls 
require a high quantity of Ag inside, it wasn’t 
possible to realize a powder production for soft 
soldering alloys, because Ag3Sn intermetallic 
had been created during the process (Figure 2 
and Figure 3a-3e).

The first modification for changing the Ag-
3Sn structure was developed by using a crystal 
modification. Figures 4a and 4b compare the 
structure with and without that modification 
(KM).

One major advantage is that the structure of 
the critical Ag3Sn intermetallic has changed to 
a 3D structure (star structure). One of the causes 
of this phenomenon is the critical nucleus ra-
dius due to the fact that Ag3Sn and NdSn2 have 
nearly the same radius5. Nevertheless, anoth-
er factor is the content of silver. Different Ag  
contents of 2%, 2.5%, 3% and 3.75% have been 
invested. Different alloys were soldered onto 
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figure 2: cross-section after powder production 
(source: Müller, nMb 160804).

figure 3a-3e: Mapping of the powder. figure 3b 
is ag3Sn (source: Müller, nMb 160804).
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substrates and analyzed by cross-sections. Fig-
ure 5 shows intermetallic with a quantity of 
3.75% Ag, which means the silver content was 
fixed at 2.5%.

A further investigation was done by a DSC 
analysis to finalize the melting point/rang of 

those alloys. As result of that DSC, the alloy 
with 2.5% Ag has a melting range from 210°C 
to 217°C and was selected for the final alloy.

Technology Qualification for hT1
Different solder pastes/alloys on real DCBs 

were qualified for the technology. The steps for 
the qualification were:

• Printing and measurement of the solder 
   deposits after printing
• X-ray
• Cleaning with two mediums and cleaner
• TCT 30’/10’’/30 with -40/+125 and 
   -40/175°C

The first interpretation of the results fo-
cuses on cross-section results after N=500 by 
-40/+175, Figures 6a to 6c.
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Figure 4: (a) SaC + in (without modifier); and, (b) SaC+in+KM (source: Müller, nMb 160804).

Figure 5: Cross-section with 3.75% ag, ag3Sn.

Figures 6: (a) Snag.5; (b) hT1; and (c) innolot.
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In these cross-sections there are not re-
ally any differences to the interface between 
SnAg3.5 and HT1. The HT1 is finely dispersed, 
and offers more homogeny, and the SnAg3 
shows Ag3Sn intermetallic. The Innolot already 
shows some defects between the substrate and 
the solder joint inside the interface. Another 
effect with the Innolot was some die loss after 
the TCT, which means there was a complete 
crack inside the assembly. Based on that result, 
a product qualification with SnAg3.5 and HT1 
was made.

Product Qualification for hT1
The current requirements for such DCB 

product qualification are N=1000 at -04/+125°C 

with 30’/10’’/30’ without any electrical de-
fects. Therefore, the passive test was made 
with these requirements and the electrical 
analyses as well as some cross-sections after 
N=250/500/750/1000/1500/2000, plus end of 
life (EOL). Both alloys fulfill this technical re-
quirement, which means that after N=1000 
there was no electrical failure. The first electri-
cal failure came after 1500 cycles for both al-
loys, but this was not due to a defect in the 
assembly (Figure 7). All defects were based on 
wire bond defects.

After N=2000 there was a delamination with 
the SnAg3.5 alloy between die and solder (Fig-
ure 8). That effect was temporary, which means 
that it wasn’t for all. For example another cross 
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Figure 8: Cross-section of Snag3.5 after n=2000. Figure 9: Cross-section of Snag3.5 after n=3000.

Figure 7: Cross-section after n=1500 (a) hT1 and (b) Snag3.5.

a b
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section after N=3000 doesn’t show that effect 
(Figure 9).

No delamination showed in the HT1 alloy 
after all cycles. Figure 10 shows the results after 
4,000 cycles.

As a summary of this investigation, for stan-
dard applications SnAg3.5 is used, but when 
an improvement is needed for higher tempera-
tures, the HT1 is the selected alloy.

Sintering
Soft solder alloys with or without additives 

does have a limit of electrical and thermal con-
ductivity. Devices which need more of those 
physical properties or operate at higher tem-
peratures (200°C), alternatives for the assembly 
technology are needed, including materials. 
One of these possibilities is sinter technology. A 
comparison between soft solder alloy and sinter 
technology is described in Figure 13.

On one hand, silver has a higher melting 
temperature (961°C) than Sn-based soft solder al-
loys; there are no aging effects when operating at 
higher temperatures (e.g., 200°C). On the other 
hand, the thermal conductivity is much higher 
than soft solder alloys. That guarantees a higher 
level of thermal management, and junction tem-
perature is transformed and more effective.

State-of-the-art is sinter materials with nano 
silver particles inside (NTV)6, 7. This technology 
needs operation pressure by >30MPa for die 
placing. The challenge for this technology is re-
duction of pressure and process temperature8. 
By using nano silver9 it is possible to come to 
technology without any pressure10. The limit-
ing factor is thickness of silver layers up to 10 
µm. With more layers, the shrinking makes an 
inhomogeneous structure that limits the ad-

feaTure

aSSEmBLY maTErIaLS FOr hIGh-TEmPEraTUrE aPPLIcaTIONS continues

Table 2: Table showing the most important properties.

figure 10: cross-section hT1 after n=4000 
(source: Faunhofer enaS).
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hesion to the die or substrate. Another factor 
could be the roughness of the finish itself, e.g., 
copper on DCB. For that challenge a concept 
with micro silver has been developed. This al-
lows a process without pressure, or with low 
pressure, at 220°C.

Diffusion Soldering/hotPowcon (hPc)
Different investigations described11, 12 an 

increase of thermal stability by using a dissolu-
tion process for creating intermetallic connec-
tions.  Therefore, an increase in reliability after 

temperature cycling3 means a combination of 
thermal solidification and isothermal solidifica-
tion, which could be the basis for a new type of 
interconnection, as seen in Figures 11 and 12.

From this basic investigation, the idea for 
this project was developed: to create structure 
designs by developing high melting-point in-
termetallic solder paste. For this purpose, a soft 
solder alloy was used based on Sn with a high 
metal concentration and additives, and the pos-
sibility of isothermal solidification at low/stan-
dard solder temperatures, as well as operating 
temperature above liquidus temperature after 
soldering. Before the project began, an investi-
gation had been carried out on realistic DCBs 
with IGBTs. The process was printed with a 20 
µm stencil, pick-and-place of IGBTs and solder-
ing in vapor phase with vacuum. The solder 
paste was based on type 6 eutectic SnCu powder 
with and without Cu powder in different sizes. 
The result after soldering without Cu powder is 
shown in Figure 13.

By using this process, intermetallic in a se-
lective connection between substrate and die 
was created. By using additional Cu powder, as 
in Figure 14, most of the solder joint was creat-
ed with the standard interconnection based on 
the soft solder alloy and selective intermetallic 
of the Cu powder.

Figure 12: Creating of intermetallic with Cu in a SnCu system (Source: Fraunhofer iZM).

figure 11: Phase diagram of a two element system.
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Figure 13: igbT on DCb with SnCu solder paste 
(type 6) produced with a 20 μm stencil.

figure 15: Transformation and structure of this project.

Figure 14: igbT on DCb with SnCu solder paste 
(type 6) and Cu powder produced with a 20 μm 
stencil.
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conclusion
In this investigation, a variety of possibili-

ties were created, forming the basis for a project 
with experts from different companies. One of 
the first steps was to formulate criteria neces-
sary for the final solution, including:

• Printability with type 6 paste, what about 
   thinner stencil and type 7 or 8 paste
• Dispensing 
• Copper ball quality and quantity (size) 
• Temperature profiling 
• Tempering 
• Combination power electronic and SMT
• How many IMC are necessary 
• Vacuum and/or soldering with pressure 
• Thermal and electrical conductivity   SmT 
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researchers from the university of california, riv-
erside and russian academy of Science have dem-
onstrated a new type of holographic memory device 
that could provide unprecedented data storage ca-
pacity and data processing capabilities in electronic 
devices.

The device uses spin waves, a collective oscilla-
tion of spins in magnetic materials, instead of the op-
tical beams. Spin waves are advantageous because 

they are compatible with the conventional electronic 
devices and may operate at a much shorter wave-
length than optical devices, allowing for smaller elec-
tronic devices that have greater storage capacity.

“The results open a new field of research, which 
may have tremendous impact on the development of 
new logic and memory devices,” said lead researcher 
and uC riverside research professor alexander Khi-
tun.

a paper, “Magnonic holographic Memory,” 
which describes the finding, has been submitted for 
publication in the journal applied Physics letters. an 
advance copy of the paper can be accessed here.

Improving electronic Devices 
Using Holograms
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SummarY: this article will highlight the dif-
ferences between the water-soluble and no-clean 
families of solder pastes to help guide technologists 
in their choice. 

abstract
Looking back 25 years ago, the solder pastes 

residues had to be cleaned after reflow due to 
their corrosive nature. Two ways of cleaning 
were possible, either using solvent or water, 
with or without detergent. Now the assembly 
world is mainly no-clean: Paste formulation is 
safer in terms of chemical reliability and process 
costs are reduced without cleaning. 

However, some applications (i.e., military, 
aerospace, high-frequency, and semiconduc-
tors) require a perfect elimination of the residue 
after reflow. There are several options to achieve 
this result: the use of a no-clean paste whose 
residue can be removed with the most suitable 

cleaning method, or the use of a paste designed 
to be cleaned, as a water-soluble solder paste.

The water-soluble solder pastes generally 
show great wettability because of their strong 
activation, but they are also known to have 
shorter stencil life and to be more sensitive to 
working conditions such as temperature and 
humidity, compared to the no-clean pastes. Ad-
ditionally, with components’ stand-off getting 
smaller and smaller, washing residues with wa-
ter only is becoming more challenging due to 
its high surface tension. Often, the addition of 
detergent becomes necessary.

The purpose of this article is to highlight the 
differences between these two families of solder 
pastes to guide users in their choice. This will 
be achieved through the comparison of sev-
eral recent water-soluble and no-clean formu-
lations for reliability. First the printing quality 
will be evaluated (viscosity, tack, cold slump, 
printing speed according to pressure, stencil 
life, idle time, printing consistency). Then the 
reflow properties will be compared (hot slump, 
solderballing, reflow process window, wetting 
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ability on different finishes). Finally the residue 
cleanability will be assessed. The IPC SIR test 
(method IPC-TM-650 2.6.3.7) will be also per-
formed to conclude the study. Both standard-
ized tests and production tests will be used to 
evaluate the performance of these two kinds of 
solder pastes.

Introduction
Solder paste is a compound that typically 

consists of a fusible alloy and some type of de-
oxidizing flux. Different pastes can have a va-
riety of compositions, though a typical formu-
la consists of powdered solder mixed in with 
a gel-like flux material. According to standard  
J-STD-004 “Requirements for Soldering Fluxes,” 
solder pastes are classified into three types based 
on the flux types: (1) rosin-based, (2) water-sol-
uble and (3) no-clean. In the past, solder pastes 
were cleanable. There are generally two differ-
ent types of cleanable pastes: water cleanable 
type (water-soluble paste) and chemical clean-
able type (cleaned by solvent or detergent).

With the increase in packaging density, 
combined with the complete ban on CFCs by 
the year 2000 (the Montreal Protocol), the elec-
tronics industry was strongly driven to imple-
ment water cleanable process and no-clean 
processes. Furthermore, as the workability and 
reliability requirements of the process are be-
coming stricter and more precise, water-soluble 
solder paste and no-clean solder pastes have 
been developed accordingly. As the name im-
plies, flux residues from the water- soluble sol-
der paste are designed to be cleaned using wa-
ter. For example, for RF circuits and high-speed 
circuits, for performance reasons it is usually 
essential that assemblies have no flux residue 
after reflow. Many electronics manufacturers 
with a wide variety of products also prefer clean 

assemblies, such as medical equipment and 
military assemblies.

With the current challenges of the minia-
turization of SMT components, narrower spac-
ing between components and substrates, lower 
stand-off and higher temperatures used for lead-
free applications, solder paste residue becomes 
more difficult to clean. Water-soluble pastes are 
also commonly used in hard-to-solder applica-
tions when solvent cleaning is not feasible or in 
applications where no-clean residues may pose 
cosmetic issues. Water cleaning is an easy process 
to control, and the equipment is relatively easy 
to maintain, though the cost-effectiveness issue 
comparing to solvent base cleaning, becomes 
one of the hot debate topics in recent times.

From the application point of view, the ob-
vious advantage of converting to water-soluble 
solder paste is the elimination of CFCs from 
PCB cleaning processes. However, this solder 
paste technology is more sensitive to normal 
processing variables. Water-soluble materials 
often exhibit production sensitivity to mois-
ture: Moisture which enters the paste can de-
grade printability and promote solder balling. 
It has also been noted that water-soluble pastes 
typically have reduced tack times and may be 
less compatible with long reflow profiles. The 
lower level of activation associated with no-
clean pastes may reduce the process window for 
full solder wetting of components.

The properties of six recent lead-free solder 
pastes will be described: three of them are wa-
ter-soluble and three of them are no-clean. The 
characteristics of each paste will be reviewed. 
Then, printing performances will be evaluated 
through standardized laboratory tests such as 
viscosity, tackiness and slump and through tests 
in a printing machine. The reflow properties 
will be investigated through both standardized 
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Table 1: Solder pastes characteristics.
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and production tests (hot slump, solderballing, 
wettability, reflow process window, graping abil-
ity). Finally, the cleaning ability will be assessed.

 
Experiments

The pastes used for this evaluation were all 
made of SnAg3Cu0.5 (SAC305) alloy with type 
3 (25/45 microns,-325/+500 mesh) particle size. 
The selected water-soluble pastes are named A, B 
and C and the no-clean pastes are named D, E and 
F. The flux designation according to J-STD-004A 
and the metal content are gathered in the Table 1.

We ensured that all the pastes used for the 
study were recently manufactured (4–8 weeks). 
Before starting the evaluation, the aspect and 
the viscosity of the pastes were checked in order 
to ensure that they were compliant with the ini-
tial specifications.

acid Index, Non-volatile 
residue and viscosity

The metal contents of the solder pastes (MC, 
expressed in percentage) and their non-volatile 
residues (NVR, expressed in percentage of the 
total flux medium) were measured although the 
ability of a solder paste residue to be cleaned is 
more linked to its quality than to its quantity. 
The acid index (Ia) was determined by acid-base 
titration.

The dynamic viscosity was determined us-
ing two types of viscometers: Brookfield and 
Malcom (Figure 1). The viscosity was first mea-
sured with a spindle type viscometer Brookfield 
DVII at 5 rotations per minute (RPM) using a 
TF spindle. Measures were made without mix-
ing, and after mixing, at 20°C and 25°C accord-
ing to the test method described in IPC-TM-650 
method 2.4.34. The viscosity with a spiral pump 
viscometer Malcom PC1-TL was determined at 
10RPM and 25°C. The results are listed in Table 
2. The viscosity data are given in Pascal-seconds 
(Pa.s). All the results were found in accordance 
with the initial specifications. The highest vis-
cosity was found for paste C, which also had the 
highest metal content. The acid indexes of the 
water-soluble solder pastes were low compared 
to the ones of the no-clean pastes: a value of 
5 was even found for paste B. The non-volatile 
residues were a bit higher for water-soluble sol-
der pastes than for no-clean ones.

Tackiness
The tackiness was assessed using our inter-

nal test which is designed to measure the tack 
force of a solder paste with an applied force of  
1g/mm2 or 4g/mm2: Low applied forces are 
more representative of the actual use of a sol-
der paste at the pick-and-place step and allow a 
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Figure 1: Schematic representation of a) brookfield viscometer (source: brookfield) and b) Malcom 
viscometer (source: Malcomtech).
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better tack force discrimination from one paste 
to another. The common standards measure the 
cohesion of a solder paste at higher forces, 15 g/
mm2 for IPC-TM-650, method 2.4.44.

The measurements were performed at room 
temperature (21°C +/-3°C) and (50% +/-10%) 
relative humidity. The first measure was done 
after printing and the evolution of the tacki-
ness was followed. The follow-up of tackiness 
with an applied force of 1 g/mm2 according to 

time is shown in Figure 2. The low limit is 1 g/
mm2 (equal to the force applied). The pastes ex-
hibit initial values between 1.2 (paste A) and 1.6 
(paste F). All the pastes keep a tackiness above 
the limit for 24 hours except the paste C which 
adhesion starts to decrease between 8 and 18 
hours. Internally, we have correlated the tacki-
ness with the abandon time (idle time) on the 
stencil during printing: If a solder paste does 
not lose its tackiness for 24 hours during this 
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Table 2: Metal content, non volatile residue, acid index and viscosity measurements.

figure 2: Tackiness vs. time.
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Electronic products, particularly consumer 
products have become more complex with 
greater circuit density, finer lines and 
spacings and more functionality. Reliability 
issues continue to be a major concern for 
industrial, bio-medical, aerospace and 
automotive applications and require materials, 
manufacturing, test and quality engineers and 
scientists to be creative in planning for the 
future. Challenges such as the use of finer 
powders in solder paste, the greater need for 
heat dissipation, the use of novel components 
and technologies are included. Due to cost 
considerations, new low silver or silver free 
alloys are being studied. The use of tailored 
alloy systems, the variety of alloy choices, 
and smaller passive components are among 
the concerns being addressed. Now, a new 
group of engineers and scientists involved in 
the design and manufacture of (a) medical 
devices, and (b) monitoring and control 
instruments must be ready for the requirements 
of RoHS recast, also known as RoHS 2. This EU 
directive officially required that it be made into 
national laws by January 2, 2013 and these 
two new categories of electronics must become 
compliant by July 22, 2014. Soldering and 
reliability professionals need to come together 
to share their knowledge and their vision for 
addressing these challenges.

Keynote addreSS  May 14, 2014  |  8:50am 

A View of the Electronics Industry 
Process, Reliability, and Materials 
Research Landscape
Martin Anselm, Ph.D., Manager AREA Consortium,  
Universal Instruments Corporation

Today, the electronic industry’s OEMs and CMs are forced to comply 
with market trends in technologies — due to part availability or cost, 
and reliability testing for validation. The term “reliability” is often 
misused, since these tests are evaluation or qualification tests — 
based upon internal or customer driven standard practices, or on 
industry accepted standards which do not always provide pass/fail 
criterion. These tests are employed as best guesses for the reliability 
of products in the field. This condition is primarily a consequence of 
limited materials understanding.  

We cannot ignore the current state of the economy and the evolution 
of business practices over the past two decades, paired with 
significant legislative changes, which contributes to the rate at which 
leaps in our understanding are being achieved. As a result OEMs and 
CMs have little time to perform fundamental research and often spend 
more time in support of individual product needs. As new materials 
and components become mainstream, manufacturing and “reliability” 
testing becomes less and less effective in producing predictable 
results in yield and reliability. The more fundamental research to 
understand the fundamentals of mechanics of failures, reliability 
and material properties falls on academia and consortia. Martin will 
discuss the current mainstream North American research landscape, 
reviewing some of the research groups in the industry and how each 
fits into the electronics market. Specific research topics will be used 
as examples to illustrate value for each program.
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test, the abandon time on the stencil is about 
four hours for 0.4 mm pitch and 120 µm stencil 
thickness at room temperature.

Slump
The slump was tested according to IPC-

TM-650 method 2.4.35. The pastes were printed 
on alumina substrates through the IPC-A21 0.2 
mm thick stencil (Figure 3).

For cold slump the substrates were observed 
after 10–20 minutes at ambient conditions (25 
+/-5°C and 50+/-10% relative humidity): the 
minimum spacing at which the bridges are 
formed is noted. The paste shall show no evi-
dence of bridging when spacing is 0.56 mm or 
greater (for 0.63x2.03 pad size) and 0.25 mm or 
greater (for 0.33x2.03 pad size) to conform to 
J-STD-005 paragraph 3.6.1.

No bridge was seen on 0.63x2.03 pad size 
whatever the paste. Bridges with spacing of 0.06 
to 0.10 mm was observed for 0.33x2.03 pad 
size. None of the pastes are prone to cold slump. 
Pastes A and C results are shown in Figure 4.

For hot slump, the substrates were observed 
after 10–15 minutes at 150°C preheating and 
cooling to ambient temperature. The paste shall 
show no evidence of bridging when spacing is 
0.63 mm or greater (0.63x2.03 pad size) and 
0.30 mm or greater (0.33x2.03 pad size) to con-
form to J-STD-005, paragraph 3.6.1. The general 

trend is to obtain better results with no-clean 
solder pastes than with water-soluble (WS) sol-
der pastes: The no-clean are all below the limits. 
Among the WS, Paste A is more prone to slump 
than the other pastes and exceeds the limits. Be-
cause a quick preheat at 150°C does not really 
reflect the reality of a thermal profile, a slower 
preheat was evaluated: First, the substrate is 
placed on a hotplate at 100°C during one min-
ute, then immediately on another hotplate at 
140°C for one minute and finally on a hotplate 
at 160°C for one minute. The slump behavior 
was improved for all the pastes and only paste 
A was still above the limit. Pictures of pastes A 
and C are gathered in Table 3 and all the results 
are summarized in Figure 5 and 6.

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

feaTure

Figure 3: ipC a-21 stencil (extracted from ipC TM-650 2.4.35).

Figure 4: Cold slump a) paste a, and b) paste C.
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rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

feaTure

Table 3: Paste a and c slump test.

Figure 5a: Slump for 0.63x2.03 pad size.

Figure 5b: Slump for 0.33x2.03 pad size.
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rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

The last revision of IPC-TM-650 method 
2.4.35 procedure mentions a change in the pre-
heat temperature: The samples shall be tested at 
a temperature of 35°C below the melting point 
which means 180°C for SAC 305 solder pastes. 
The test was performed at 180°C: A, B, C and D 
were above the defined criteria.

Stability at Elevated Temperature
The stability of the paste being part of its 

reliability, the influence of storage at elevated 
temperature was examined: The pastes were 
stored at 40°C and checked after four days and 
seven days. A decantation phenomenon oc-
curred for paste A after four days: After mixing 
many lumps were found in the paste. Paste C 
surface looked dry and dull after seven days but 
resumed its shiny appearance after mixing. The 

feaTure

other pastes did not exhibit any change. A sim-
ple printability test was done: The pastes were 
printed on an alumina substrate using a 0.250 
mm thick stencil with round openings of 5 mm 
diameter. Only paste A was difficult to print 
correctly, resulting in a non-planar surface. The 
tackiness was also measured on each paste after 
seven days. Paste A showed a higher tackiness 
but the decrease was fast; it lost completely its 
tackiness after eight hours. There was no signifi-
cant change for the other pastes neither in val-
ue nor in duration. Slump trials showed an “im-
provement” for paste A at 150°C but no change 
for pastes B, C, D, E and F. The modification of 
paste A properties is due to an internal reaction 
due to the exposure to temperature: This paste 
is sensitive to temperature. Pictures and results 
are given in the Table 4 for paste A, B, C and E.

Table 4: pastes a, b, C, e after 7 days at 40°C.
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stable paste leads to a sudden increase of vis-
cosity after a few hours only (Figure 6b). The 
overall appearance of the curve gives additional 
indications of the paste behavior.

The viscosity curves as a function of time 
are summarized in Figure 7. No sudden in-
crease was seen. However, pastes A viscos-
ity increased during the three first hours 
before decreasing. Pastes A and C curves are  
irregular while B, D, E and F curves are 
smoother. According to these results, it is 
likely that A and C have a lower printability 
performance.

viscosity over Time
A more drastic viscosity test was conducted 

on each solder paste: The test consists in the fol-
low-up of viscosity over time using a Malcom 
spiral pump viscometer at 25°C and 10RPM. The 
test simulates solder paste ageing when it is sub-
mitted to a permanent mixing and reproduces 
the shearing it undergoes during printing. The 
measure of viscosity evolution versus time dur-
ing the stirring allows predicting the premature 
solder paste ageing by correlation.

A stable paste keeps a constant viscosity 
over time (Figure 6a). On the contrary, an un-

Figure 6: a) Stable viscosity and b) sudden increase of viscosity after seven hours.

figure 7: viscosity curves over time.

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

a b
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Printing Performance
Printing tests were performed at 25°C in a 

DEK Horizon 05 printer using the Efsot Verifica-
tion board1 with a 120 microns laser cut stain-
less steel stencil and 250 mm length squeegees. 
The test board includes a printing pattern test 
area (horizontal and vertical), 0.4 mm pitch 
QFN, 0402 and 0201 printing areas (Figure 8). 
The minimum pressure according to printing 
speed was determined (Table 5, Figure 9). Paste 
C requires much more pressure than the other 
pastes and is not able to stand high printing 
speeds (Figure 10).

The printing quality was assessed mainly on 
the printing test patterns using criteria accord-
ing to Philips Notation1: The results are rejected 
if the smearing result is below or equal to 2 on 
0.27 mm opening width and 0.13 mm space 
width or if the printing result is below or equal 
to 2 on 0,22/0,18: under stencil cleaning is then 
required. The details to assess printing quality 
are explained in Figures 11 and 12.

The printing definition and the smearing 
ability were evaluated for each solder paste at 
a medium speed of 50 mm/s. The pressure ap-
plied is the minimum pressure determined be-
fore plus one bar additional. The first board is 
printed and the quality is visually inspected, 
then, without any cleaning, a second board is 
printed, etc., until the criteria are reached. Ta-
ble 6 shows the example of pastes C and F. For 
shorts, paste C reached the criterion after 13 

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

Figure 8: a) efsot verification board 
and b) detail of printing pattern.

figure 9: graph of pressure according to speed.

Table 5.
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rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

Figure 10: a) and b) insufficient pressure; c) and d) minimum pressure.

a b c d

figure 11: Printing pattern opening width and dam description.

Figure 12: a) evaluation criterion for smearing/shorts, and b) evaluation criterion for printing definition.
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prints and paste F reached this criterion after 15 
prints. Printing definition was better for paste 
F too: 16 prints against 14) prints. A detailed 
table for A, B, D and E is not reported. Pastes B, 
D and E were almost similar to F whereas A was 
below. The final ranking was, from the best to 
the worst: F, E, B, D, A and C. Examples of print-
ing defects are illustrated in Table 7.

The idle time was determinedand defined as 
the maximum time allowed for the paste to re-
main on the stencil for a good restart without 

the need of under-stencil cleaning. The same cri-
teria were used: Paste E showed the best idle time 
(3h,30) followed by F and D, then A and B, then 
C (1h,30). Results are summarized in Table 8.

Paste aging under shearing was assessed: 600 
printing cycles without paste consumption at 
50 mm/s were made. All the pastes still looked 
smooth after the test, so the Brookfield viscosity 
at 20°C was measured. A decrease was observed 
due to the shearing for all the pastes, as seen in 
Table 9.

feaTure

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

Table 6: Pastes c and f printing quality.

Table 7: examples of printing defects.

Table 8: Idle time.
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Table 9: viscosity after cycling test.

Table 10: Solderballing classification (nF-C-90550).

Table 11: Solderballing test.

Solderballing
Solderballing performances were checked 

on a hotplate using our internal procedure. 
The pastes are printed on alumina substrates 
through a 0.250 mm thick stencil with two 
round opening of 5 mm diameter, with a dis-
tance between centers of 25 mm. The tempera-
ture of the hotplate was set at 250°C and several 
temperatures and times of preheat were tested. 
The goal was to classify the paste according to 
preheat. The solderballing classification ranks 

from class 1 to class 5, the balls being counted 
with 30x magnification (Table 10).

Solderballing was class 5 for paste B with-
out preheat. Otherwise, the pastes gave good re-
sults whatever the preheat, except for the most 
demanding condition (180°C, 2 during 2 min-
utes) where solderballing ranked from class 2 to 
class 5. After four hours at ambient conditions 
(21°C/50%RH), pastes A and B have exploded 
upon contact with the hotplate and a signifi-
cant degradation occurred for B and C after 2 

feaTure
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minutes at 160°C, respectively class 4 and class 
5 instead of class 1 for both initially. The sum-
mary is presented in Table 11 with images in 
Figure 13.

 
Discussion

After checking the initial properties of the 
pastes, which were all in their specification in 
terms of metal content and viscosity, several 
tests were done to evaluate their printing perfor-
mance. In terms of viscosity, spiral pump type 
viscometer results and spindle type viscom-
eter results showed the same tendency, except 
for paste A and C. These two pastes also had a 
different behavior and a different curve shape, 
compared to B, D, E and F as far as viscosity ac-
cording to time was concerned. Paste C was far 

the worst in terms of high printing speed abil-
ity. Regarding tackiness, adhesion of paste C 
started to decrease before the other pastes, the 
idle time was also the lowest. 

Hot slump was generally worse for the WS 
pastes than for the no-clean pastes. Paste A was 
extremely sensitive to storage at 40°C and lost 
its printing properties after four days only. The 
printing definition as well as the anti-bridging 
ability all along the prints was acceptable for all 
the pastes and, although C and A ranked last, the 
difference was not significant enough to draw 
any conclusion. The exposure to ambient condi-
tions (21°C, 50%RH) between printing and reflow 
led to a degradation of solderballing performance 
for all the water-soluble solder pastes whereas the 
no-clean pastes were not affected at all.

Figure 13: a) Class 1, b) class 4, c) a, b, C without preheat after 4 hours at ambient temperature and 
d) explosion.

feaTure

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues
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feaTure

rELIaBILITY aSSESSmENT OF NO-cLEaN aND WaTEr-SOLUBLE SOLDEr PaSTES, ParT 1 continues

conclusion
The purpose of the paper was to highlight 

the reliability differences between water-soluble 
and no-clean solder pastes to guide users in their 
choice. To achieve this goal, six lead-free pastes 
were extensively studied, three being water-sol-
uble and three being no-clean. The first part of 
the study focused on printing performance. The 
pastes were characterized using standardized 
tests and internally developed tests: dynamic 
viscosity, tackiness, slump and solderballing. 
The influence of accelerated storage at elevated 
temperature, the influence of time and condi-
tions between printing and reflow and the in-
fluence of continuous shear according to time 
were shown.

The printing performances were also eval-
uated in a printer. Although the number of 
pastes studied was restricted, the water-solu-
ble pastes generally yielded results below the 
no-clean pastes with sensitivity to tempera-
ture and humidity, a tendency to slump dur-
ing preheat and a narrower printing window. 

Water-soluble solder pastes must be stored, 
handled and used with more caution before 
reflow.

In the second part of the paper, the reflow 
properties will be compared: wettability, reflow 
process window, anti-graping properties. Final-
ly the residue cleanability with water, then with 
water and detergents will be examined. The 
cleanliness will be assessed using visual inspec-
tion, ionic contamination and surface insula-
tion resistance tests.  SmT
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U.S. army, Lockheed Demo 
autonomous convoys
The two have demonstrated the ability of fully au-
tonomous convoys to operate in urban environ-
ments with multiple vehicles of different models. 
The test involved driverless tactical vehicles navi-
gating hazards and obstacles such as road inter-
sections, oncoming traffic, stalled and passing ve-
hicles, pedestrians, and traffic circles.

TT electronics-ImS’ Ohio Facility Earns 
Nadcap accreditation
“we are extremely proud of this recognition for 
our efforts in Perry, ohio. over the past two years, 
news of nadcap accreditation across our global fa-
cilities has been well received by our customers as 
they see the mutual benefits of partnering with a 
global supplier that stands for the nadcap ethos,” 
said Mark r. Kray, vP and general manager.
 
Uav market to hit $114.7B by 2023
a new report says the global uav market size can 
be expected to grow to more than $8 million by 
2018. hale/Male/Suav market has the highest 
business potential throughout the study period, 
whereas the u.S. and israel will be the maximum 
revenue generator among the countries manufac-
turing uavs.

army must be Prepared for Threats 
to Energy Sector
Cybersecurity threats to the united States’ energy 
industry and infrastructure are rising and require 
increased preparedness by the u.S. army and 
DoD, according to a new paper from rice univer-
sity’s baker Institute for Public Policy.

Ducommun Income Impacted by 
Boeing & Embraer Losses
anthony J. reardon, chairman and ceo, stated, 
“we are clearly disappointed in the execution of 
these programs. To expand our content on such 
platforms, we bid somewhat aggressively and, un-
fortunately, did not meet our planned productivity 
improvements at the required pace.”

Global comm Sat Imaging market 
Sees Demand Increase
 according to “Commercial Satellite imaging Mar-
ket —global industry analysis, Size, Share, growth, 
Trends, and forecast, 2013-2019,” published by 
Transparency Market research, the market for 
commercial satellite imaging globally is forecast to 
reach uS $5,018.6 million by 2019.

mahindra Opens First India 
manufacturing Facility
Telephonics corporation announced that their 
joint venture partnership, Mahindra Telephonics 
integrated Systems (Mahindra Telephonics), has 
opened the first private sector aerospace and elec-
tronics joint venture manufacturing facility in India.

SmTa, caLcE counterfeit Symposium 
Seeks abstracts
both organizations are pleased to announce the 
2014 Symposium on Counterfeit electronic parts 
and electronic Supply Chain. This symposium is 
the best forum in the country for presenting and 
learning about the latest technology and policy 
developments in the area of electronics supply 
chain and counterfeit electronics prevention.

Day Two of DarPa robotics 
challenge Wraps
December 20–21, 2013, 16 teams were the main 
attraction at the Darpa robotics Challenge (DrC) 
Trials, where they demonstrated their prototype 
robots’ ability to perform a number of critical real-
world disaster-response skills.

Pro-Tech Earns aS9100 rev c certification
The company has achieved full certification to 
aS9100C Quality Management Systems—re-
quirements for aviation, Space and Defense or-
ganizations. The successful completion of the re-
quirements and the certification means that Pro-
Tech interconnect Solutions is now certified to 
aS9100C:2009, iSo 9001:2008 Quality Systems, 
iSo 13485:2003, Mil-prF-31032/Mil-prF-55110, 
along with ITar registration.
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Investigations, Evidence, and 
an Unclear Solution for 2014

In November of 2011, when the United 
States government publicly got involved in at-
tempting to curb the epidemic of counterfeits in 
the supply chain, it was a little too late. The Sen-
ate Arms Services Committee, led by Senators 
John McCain and Carl Levin, gave Americans 
their first glimpse into the catastrophic dangers 
that our Department of Defense and the aero-
space community was facing. The Committee 
on Armed Services held a hearing regarding the 
investigation of counterfeit electronic parts in 
the defense supply chain and revealed alarming 
facts about how easy counterfeit components 
can infiltrate the supply chain.

At the request of McCain and Levin, an 
investigation was performed by the Govern-
ment Accountability Office (GAO), which in-
volved the creation of a fictitious company 
with the intent of gaining membership in 
two Internet platforms offering electronic 
components. This false company was pro-

vided with an owner, employees, mailing ad-
dress, e-mail addresses, a website and a list-
ing on the Central Contractors Registration. 
Report: Counterfeits in the Supply Chain

As a result of this investigation, the GAO-
12-375 report was released to the public on Feb-
ruary 21, 2012. Heavily involved in this project 
was Tim Parsons, chief scientist of the GAO. Re-
cently, I had the opportunity to catch up with 
Parsons and discuss what he felt were the most 
important findings uncovered or learned as a 
result of this investigation. He said, “To sum-
marize the key findings of our investigation re-
port, we found that counterfeit electronic parts 
were indeed found in the supply chain of a 
number of key weapons systems (which often 
have multi-decadal life cycles), were relatively 
easy to acquire through internet platforms, 
and were increasingly sophisticated such that 
advanced inspection and authentication tech-
niques were required to classify them as suspect 
counterfeit.”

counterfeits components: Worldwide
The GAO investigation discovered that 

suspect counterfeit and bogus electronic 
components— parts which are not associ-
ated with any actual electronic parts—are 
readily available across numerous Internet-
based purchasing platforms. This declara-
tion was confirmed when none of the 16 
parts provided to GAO by various vendors 
proved to be genuine. Although there are 
different terms used to describe bogus parts, 
such as suspect, fraudulent, or counterfeit, 
the term “suspect counterfeit,” which ap-
plies to the first two categories of parts that 
were tested by the GAO, is the strongest 
term that was used by an independent test-
ing lab taking part in the study. The term 
“suspect counterfeit” represents a poten-

Figure 1: Senate arms Services Committee led by 
Senators McCain and levin.
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tially serious violation of intellectual property 
rights, copyrights, or trademark laws. 

According to GAO 12-375, “After dissemi-
nating  requests for quotes on various platforms, 
GAO received responses from 396 vendors, of 
which 334 were located in China; 25 in the 
United States; and 37 in other countries, includ-
ing the United Kingdom and Japan.” Ironically, 
the responses sounded very familiar to veterans 
of the industry. For all 16 parts to be purchased, 
each vendor responded that the components 
were “in stock” with just a couple of days’ lead-
time. To choose which vendor to purchase the 
parts from, the GAO selected “the first of any 
vendor among those offering the lowest prices 
that provided enough information to purchase 
a given part, generally within two weeks.” As it 
turned out, using the GAO methodology, all 16 
parts were purchased from vendors in China.

The GAO report explained that “Specifically, 
all 12 of the parts received after GAO requested 
rare part numbers or postproduction date codes 

were suspect counterfeit, according to the test-
ing lab. Multiple authentication tests, ranging 
from inspection with electron microscopes to 
X-ray analysis, revealed that the parts had been 
re-marked to display the part numbers and 
manufacturer logos of authentic parts.” 

X-ray analysis helps match up the wire bonds 
to what is called out in the schematic drawing. It 
was revealed that the parts had been re-marked 
to display the different part numbers and manu-
facturer logos representing other functionalities 
of authentic parts. To the naked eye, these would 
have looked as good as new. According to the 
GAO, “For the parts requested using postpro-
duction date codes, the vendors also altered date 
markings to represent the parts as newer than 
when they were last manufactured.” The fact 
that these parts were not produced at the dates 
given was verified by the original component 
manufacturers. Additionally, the submission of 
requests for phony parts using invalid part num-
bers yielded four parts from four vendors that 
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figure 2: global trading network—a place where buyers search for product. 
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have never been produced; for all 
intents and purposes, these parts 
never existed!

According to the GAO, the 
motivation behind GAO-12-375 is 
the fact that “Counterfeit parts—
generally the misrepresentation of 
parts’ identity or pedigree—can se-
riously disrupt the Department of 
Defense (DoD) supply chain, harm 
weapon systems’ integrity, and en-
danger troops’ lives.” Ultimately, 
counterfeit components endanger 
our sons and daughters, who brave 
the front lines in the field. Some of 
the preliminary findings from the 
GAO investigation of the procure-
ment and testing of select elec-
tronic components which have 
the potential to enter the supply 
chain of the U.S. Department of 
Defense are presented in GAO-
12-213T, released in November of 
2013. 

As reported in last month’s 
column, many programs to re-use 
and recycle materials were devel-
oped with good intentions, but 
they wind up being used to cre-
ate counterfeit electronic parts. Known as “e-
waste,” this material is shipped from the United 
States and other countries to desperate parts of 
the world, where the e-waste is disassembled 
in dirty, dangerous environments, and trans-
formed to deceive the buying community. In 
an effort to counteract this practice, President 
Obama signed into law Section 818 of the Na-
tional Defense Authorization Act for 2012. It 
applies to all contractors who supply electronic 
parts or products that include electronic compo-
nents. DoD contractors are required, whenever 
possible, to obtain electronic parts that are in 
production or currently available in stock from 
the original component manufacturer (OCM) 
of the parts or their authorized/franchised dis-
tributors. In addition, electronic parts that are 
not in production or are out of stock must be 
purchased from “trusted suppliers.” The term 
“trusted suppliers” is not well defined in the 
legislation and further clarification is needed.  

Section 818 requires change Throughout 
the Supply chain

Reporting requirements under Section 818 is 
a new necessity that trustworthy suppliers must 
implement into their procedures. A contractor 
who knows or “has reason to suspect” that he 
has received a counterfeit electronic part is re-
quired within 60 days to report to the appropri-
ate government authority, the Government In-
dustry Data Exchange Program (GIDEP). As an 
example, just this week, Secure Components, 
following an extremely aggressive quality pro-
tocol, determined that an electronic compo-
nent delivered to the company and headed to 
the Defense Department was detected to have 
failed “resistance to solvent” testing. Further 
testing revealed the part was remarked and 
carried a false date code. Once these anoma-
lies were identified, it was our responsibility 
as the contractor to report and quarantine the 
counterfeit parts. As the GIDEP representative, 
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figure 3: Part of the authenticity testing is to X-ray the product.



96    SMT Magazine • March 2014

I drafted a letter to the supplier including the 
alert I was about to report to GIDEP. By being 
proactive and complying with this reporting, 
I was able to provide a greater number of par-
ties with a heads-up about this part and also 
served to minimize potential liability due to the 
protection offered under Section 818 relative 
to “reasonable effort.”  Obviously, no contrac-
tor wants to be assessed with the penalties ad-
dressed under the section, as they can climb as 
high as $15 million—and even imprisonment—
for individuals who intentionally or recklessly 
facilitate the availability of counterfeit goods in 
the supply chain.

While, according the Federal Register, Vol-
ume 78, Number 95, Section II, “the intent of 
Section 818 is to hold contractors responsible 
for detecting and avoiding the use or inclusion 
of counterfeit electronic parts or suspect coun-
terfeit electronic parts,” there were some spe-
cific areas that were identified requiring either 
modification or additions to Defense Federal 
Acquisition Regulation System (DFARS). The 
register identified these areas as: 

• Definitions—several definitions includ-
ing “electronic part, legally authorized source, 
counterfeit part” are waiting to be finalized

• Contractor responsibilities for detection 
and avoidance of electronic components

• What are unallowable costs of rework and 
corrective actions?

• Government’s role—in reviewing and mon-
itoring contractors’ processes and procedures for 
detecting and avoiding counterfeit parts

Due to the confusion and lack of clarity in 
parts of Section 818, the Department of De-
fense held a public meeting for the industry at 
large to contribute their concerns with the leg-
islation. Along with other leaders in the supply 
chain, Secure Components sent Vice President 
of Sales Travis Thoman to Washington D.C. to 
provide input into the discussions relative to 
the Defense Federal Acquisition Regulation Sup-
plement: Detection and Avoidance of Counter-
feit Electronic Parts (DFARS Case 2012-D055). 
Thoman had the opportunity to provide tes-
timony which can be read here. Upon return 
from the conference, he and I discussed his per-
ception of what is to be proposed by DoD. It 
appears DoD is proposing to amend the DFARS 
in partial implementation of a section of the 
National Defense Authorization Act for Fiscal 
Year 2012, and a section of the National De-
fense Authorization Act (NDAA) for Fiscal Year 
2013, relating to the detection and avoidance of 
counterfeit electronic parts.

The implementation of the changes is di-
rected by the Defense Acquisition Regulations 
System (DARS), which develops and maintains 
acquisition rules and guidance to facilitate the 
acquisition workforce as it acquires the goods 
and services the DoD requires ensuring Amer-
ica’s warfighters continued worldwide success. 
They are working on implementing portions of 
the section 818 of NDAA for 2012 to add:

1. Definitions specific to counterfeit parts
2. Definitions of contractors responsibilities
3. Clarification of the government’s role 

 
action is critical 

I believe the need for immediate and swift 
action is essential from all levels of the supply 
chain. The evidence of counterfeit material en-
tering the U.S. military’s supply chain is over-
whelming. I am hopeful that the DoD will adopt 
clear language and guidance for industry in order 
to defeat the counterfeit threat. The Defense Lo-
gistics Agency has led this fight with swift action 
of its own with the DNA marking requirement 
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figure 4: Industry and governmental reporting 
will help minimize potential disasters.
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Todd Kramer is Ceo of Secure 
components llc, a leading inde-
pendent distributor of electronic 
components, hardware, and me-
chanical parts to the aerospace, 
Defense, & Commercial indus-

tries. Kramer is an active member of organiza-
tions such as Sae g-19C, the current chairman 
of u.S. national Committee (uSnC/ieCQ) and 
the International Working group 06 (counter-
feit avoidance). his new column, Kramer on 
Counterfeits, will run monthly in SMT Maga-
zine. To contact Kramer, click here.

for all microcircuits and a strict policy regarding 
qualified suppliers. While I believe it’s unlikely 
the DoD will follow the exact path the Defense 
Logistics Agency’s has implemented, I am hope-
ful it will utilize some of the tools that the G-19 
committee and other subject matter experts 
have worked so hard to create. With mitigation 
standards such as the SAE AS6081 Counterfeit 
Avoidance Standard for Distributors and the SAE 
AS5553 Counterfeit Avoidance Standard Manu-
facturers, which have been adopted by the DoD, 
it would seem like a logical part of the solution. 
I am hopeful that the leaders of our nation, our 
military, and our aerospace and defense indus-
tries will not forget who the ultimate customer 
is. At the end of the day, it’s the brave men and 
women who put their lives on the line to defend 
our freedom who need action. Bureaucracy and 
procrastination will do little to ensure their safe 
return home. I urge everyone reading this article 
to recognize the threat counterfeit electronics 
pose to our nation and do their part to protect 
their industry, their customers and their families. 

Much of the information presented in this 
article was drawn from the “GAO-12-375” re-
port to the Committee on Armed Services, U.S. 
Senate, “Suspect Counterfeit Electronics Parts 
Can Be Found on Internet Purchasing Plat-
forms.” Published, February 21, 2012; publicly 
released March 26, 2012. The full text may be 
accessed here.  SmT
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SmTonline market News 
highlights

India’s Li-ion Battery market 
Driven by Smart Devices, Evs
lithium ion (li-ion) batteries are rechargeable bat-
teries witnessing increasing adoption in consumer 
electronics and automotive applications. India is 
one of the major li-ion markets, exhibiting double 
digit growth.

report: Power Electronics for 
Electric vehicles 2013-2023
research and Markets has announced the addi-
tion of the “Power electronics for electric vehicles 
2013–2023: forecasts, Technologies, Players” re-
port to their offering.

Sales of Portable Power Batteries 
to Top $12.4 Billion
Significant improvements in battery technologies 
and, in some cases, the introduction of completely 
new battery chemistries are transforming the ways 
in which people charge portable devices, from smart 
phones to power tools. according to a new report, 
worldwide sales of advanced batteries for portable 
power will surpass $12.4 billion annually by 2023.

maPI: manufacturing Sector 
continues Upswing
The u.S. manufacturing sector is showing incre-
mental improvement with only a few potential 
speed bumps in the near-term, according to the 
quarterly “Manufacturers alliance for Productiv-
ity and Innovation MaPI business outlook.” The 
December 2013 composite index improved to 
67, from 66 in the September survey—the fourth 
straight quarterly advance.

chinese Smart Phone Sales Top
320 million Units
The chinese smartphone market in the third quar-
ter of 2013 reached around 87.4 million units, up 
13.4% sequentially. overall, chinese smart phone 
sales totaled around 230.5 million units in the first 
three quarters of 2013, up 93.3% year-on-year.

conference Board LEI for Germany 
Up in November
The Conference board leading economic index 
(lei) for germany increased 0.6% in november to 
108.2 (2004 = 100), following a 0.2% increase in 
october, and a 0.2% decline in September.

Wearable computing Devices Driven 
by Sports, health
abI research projects the wearable device sales vol-
umes in 2014 to come from healthcare and sports 
and activity trackers. The commercial launch of 
several smart glass products, including google 
glass, will continue to drive interest in the wear-
able space, but it will not be a significant commer-
cial success in 2014.

Demand for hydrogen for Fuel cells 
to climb Sharply
Since 2011, interest in hydrogen for the energy 
storage market, combined with the rise in usage of 
hydrogen in the fuel cell sector, has seen increased 
utilization of hydrogen outside of petroleum refin-
ing and chemical manufacturing.

Uav market to hit $114.7B by 2023
a new report says the global uav market size can 
be expected to grow to more than $8million by 
2018. hale/Male/Suav market has the highest 
business potential throughout the study period 
whereas the u.S. and israel will be the maximum 
revenue generator, among the countries manufac-
turing uavs.

Global comm Sat Imaging market 
Sees Demand Increase
according to a new market report “commercial 
Satellite imaging Market—global industry analy-
sis, Size, Share, growth, Trends, and Forecast, 
2013–2019,” published by Transparency Market 
research, the market for commercial satellite im-
aging globally is forecast to reach uS $5,018.6 mil-
lion by 2019.
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by Eric klaver 
aSSeMbléon

SmT TrENDS & TEchNOLOGIES

coluMn

What is Your real Output?

How should you define your output? High-
est area productivity, lab speed, actual speed, 
optimum speed, IPC speed or maximum speed? 
And is it speed or throughput we should be 
looking at? Neither is clearly defined, and we 
all have our rules of thumb (e.g., actual speed is 
60% of IPC speed, which is 60% of maximum 
speed). 

Currently, there is only one standard rep-
resenting a fair comparison between pick-and 
place equipment: IPC-9850. It measures equip-
ment speed (providing that components are 
placed within the specified accuracy of the 
equipment itself). IPC established IPC-9850 in 
2002, defining the measurement procedures 
for specifying, evaluating and verifying surface 
mount placement equipment. With machine 
manufacturers producing a wide range of accu-
racies and outputs, it details how measurements 
must be made consistently, and is therefore the 
only real way to compare them. It has become 

a basic industry reference, but unfortunately 
doesn’t tell the whole story. Several pick-and-
place machine manufacturers, for example, cur-
rently claim the industry’s fastest placement 
speeds on the basis of the IPC reference speed.

One key difference lies between the IPC-
9850 speed and the actual speed you will reach 
in a particular application. And that is where 
IPC-9850 falls short. 

For this reason, IPC published an updated 
version in January 2012: IPC-9850A. Since the 
release of this update, it has been adopted by…
practically nobody. Admittedly, the new stan-
dard is far from perfect, as applications are usu-
ally still more complex than even it allows for. 
It is a step closer to the truth, though. Why have 
so few adopted it? Why do most manufacturers 
avoid publishing the results? It seems that this 
minor change in specification degrades output 
results so drastically that it is commercially too 
sensitive. 
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IPc-9850 and IPc-9850a: 
the Differences

IPC-9850 speeds are measured by placing a 
simple matrix of components (for example 80 
SOIC-16s or 400 identical 0603 capacitors) on 
a 200x200 mm substrate. However, the stan-
dard says nothing about the electrical value of 
these 400 capacitors, for example. That allows 
sequential placement machines to use gang 
pick (simultaneous pick by multiple place-
ment heads) using an optimized placement 
path. Gang pick, however, artificially inflates 
the performance figure since it can virtually 
never be used in an actual customer applica-
tion. You just don’t get many circuits incorpo-
rating hundreds of identical 27-nF capacitors 
on a board in a small matrix in a 200x200 mm 
area.

IPC-9850A is simplified. It uses a new board 
layout, and it requires two different parts (previ-
ously only one) and five unique code numbers 

SMT TrenDS & TeChnologieS

figure 1: number and quantity of unique 
components placed on IPc-9850a substrate 
(source ipC-9850a).

figure 2: Distribution of components on the IPc-9850a substrate.

WhaT IS YOUr rEaL OUTPUT? continues
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that are randomly distributed (previously none 
were defined). The 0603 components have also 
been replaced by 0402 (01005 metric) and 0201 
(0603 metric). 

For now, that is good enough for a fair com-
parison. However, many of today’s processes 
and today’s technology would actually use a 
mix of 0201 and 01005 components. These re-
ally show whether a pick & place machine can 
cope. Perhaps the standard will be updated 
again in the future, when vanishingly small 
components like 03015 metric are common. 
The standard could perhaps also usefully define 
a test run and let the customer decide which 
components should go through. 

In the meantime, though, let’s dig slightly 
deeper to see what an IPC-9850A closer-to-real-
ity application actually looks like. 

IPc 9850a in Practice
IPC 9850A places five unique parts (Parts 

A–E in Figure 1) randomly on the substrate, 
with non-linear column distances (Figure 2). 

For a revision of an accepted industry stan-
dard that was released more than two years 

WhaT IS YOUr rEaL OUTPUT? continues

ago, it is again strange that virtually no manu-
facturers—even the ones who praised the new 
standard at the time—have converted their 
equipment specifications. There seems to be a 
barrier to publishing something closer to the 
truth. As I’ve said, this has to be for commercial 
reasons. Unfortunately, if nobody adopts it, the 
impact of the standard is devalued within the 
industry. So for now, you will have to be satis-
fied with the figures a manufacturer provides to 
you (Figure 3). 

Consistent labeling would, however, help to 
eliminate confusion. And customers should ap-
ply pressure. At your next purchase, you could 
ask, “What is your IPC-9850A output?”  SmT

SMT TrenDS & TeChnologieS

Figure 3: examples of how specifications are published by different pick-and-place manufacturers, with 
only one referencing IPc-9850a.

eric Klaver has been with assem-
bléon since 1998 and specializes 
in vision technology and feed-
ing. he is currently the chairman 
of Iec work group Tc40Wg36, 
which specializes in component 
packaging. To read past col-

umns, or to contact Klaver, click here.
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SmTonline Supplier/New Product 
News highlights

i3 Electronics: $7m contract for 
hyperBGa assemblies
i3 electronics Inc. announced that an industry lead-
ing computing & hardware firm has awarded the 
company a $7 million contract for the supply of 
i3’s hyperbga assemblies. The contract will run 
through Q4 of 2014.

Tera-Barrier Films Invents 
alternative Stretchable Plastic
Tera-barrier films invents alternative stretchable 
plastic for prolonging shelf-life of pharmaceuticals, 
food, and electronics.

Indium Intros New Solder 
Paste Technology
The company announced biagX, a high-melting, 
lead-free solder paste technology designed for 
high-reliability electronics assembly applications. 
Designed as a drop-in replacement for standard 
high lead-containing solder pastes, it has passed 
MSl1 and thermal cycle testing at several power 
semiconductor customers.

BEST Introduces New Plastic Film Stencils
The company has developed a line of Kapton SMT 
stencils for the prototype assembly market. These 
stencils, available in 4-, 5-, and 6-mil thicknesses, 
present very flat coplanar printing surfaces for sol-
der paste printing and are designed to be used 
when there are very few boards to be made at one 
time and the pitch of the components is 1.00 and 
above.

Needle valve From Dymax Offers 
Dispensing Precision
The Model 400 pneumatic, normally closed-needle 
valve is designed to deliver precise dots or very fine 
beads of low- to medium-viscosity fluids. accurate, 
repeatable dispensing can be achieved by utilizing 
the valve’s material flow adjustment to control shot 
volume. The lightweight, wand-style valve body is 
compact and lightweight, making it easy and com-
fortable to handle.

manncorp reconfigures, Expands 
SmT Solutions
The company has recently reconfigured and ex-
panded its exclusive selection of SMT turnkey 
packages, including stencil printing, pick-and-
place, and reflow soldering equipment, to accom-
modate a wider range of production levels and 
budgets.

New aLPha LED materials 
Introduced in February
The company will introduce its new line of alPha 
leD specialty materials technologies at Strategies 
in light exposition & Conference, February 25-
27, 2014. These new product technologies reach 
across levels one through five of the leD lighting 
system manufacturing process: die attach & pack-
age, package on board, luminaire module, power 
driver/supply, and control systems.

Indium Names Tim Jensen Senior 
Product manager
Indium corporation announces that Tim Jensen 
has been named senior product manager for engi-
neered Solders.

BEST to hold advanced X-ray 
Inspection Seminar
Presentation topics on april 3 will include:  
“advanced Package X-ray Inspection,” “bga 
and x-ray rework inspection,” and “Small Spot 
Size x-ray inspection of pops, bgas and lead-
less Devices.” The sessions will feature hands-on 
“how to” sessions as well as advanced theoreti-
cal sessions.

ZESTrON Presents core Webinar: 
“Why clean PcBs”
ZeSTron, the global leading provider of high-
precision cleaning products, services, and  
training solutions, is pleased to announce the 
first installment of ZeSTron academy’s 10-
part 2014 Cleaning webinar Series titled “why  
clean Pcbs.”
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by rachel miller-Short
phoTo STenCil llC

a ShOrT ScOOP

coluMn

10 common Stencil Questions 

There are a wide range of stencils and sten-
cil technologies available and many questions 
arise when the time comes to select one. This 
month’s Short Scoop answers the 10 most com-
mon questions our customers ask.

1. What type of stencil do I need?
The need to satisfy more rigorous printing 

requirements due to finer pitch components 
leads to a natural hierarchy of stencil technol-
ogies based on the application. A few general 
stencil technologies are available on the mar-
ket today. They include stencils that are laser-
cut on some form of stainless steel material, la-
ser cut stencils on 100% nickel foils, and elec-
troformed stencils 
for the most chal-
lenging applica-
tions. With each 
of these basic 
stencil types there 
are many coatings 
and post-process 
steps available to 
tailor the basic 
stencil further. 
The specific sten-
cil types and op-
tions available are 
dependent on the 
supplier selected. 
Each of the key 
technologies and 
secondary pro-
cessing options 
has its qualitative 
benefits for spe-
cific applications, 
and it is not un-
common in the 
industry today 
to see stencil us-
ers deploying a 

combination of all three stencil types in their 
factories. There are three main questions to 
ask and answer to help determine the correct 
stencil:

1. What is the smallest pitch to be printed?
2. What is the mix of components being 
     placed on the board?
3. What is the area ratio calculation of the 
     smallest component?

Stencil users who optimize the correct sten-
cil technology for their specific application and 
processing parameters typically enjoy greater 
yields and significantly lower rework. As al-

ways, it is about 
selecting the right 
tool for the job.

2. how much 
will it cost?

C u s t o m e r s 
are continually 
pushing for cost 
reductions. The 
improved capa-
bilities of avail-
able stencil ma-
terials, combined 
with high-per-
formance lasers, 
enable many ap-
plications to be 
fulfilled using 
straight laser-cut 
stencils. If that 
option works for 
your application, 
it provides a fast 
turn, low price-
point option to 
satisfy your ap-
plication. The use 
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of laser-cut stencils has had a dramatic posi-
tive effect on the amount companies spend on 
stencils. Depending on your needs, there are 
also frameless stencil options available that can 
lower prices even further. While the addition of 
coatings, steps in the stencil, or fabrication of 
electroformed stencils come with an increased 
price, the overall benefit of the added cost may 
be more than made up for with improved pro-
cess yield.

3. how long will this stencil last?
What is the life of a stencil? That is the 

golden question almost every customer wants 
answered, but the answer is not terribly 
straightforward. Because there are so many 
variables that have to be taken into consider-
ation, there truly is no average actual lifespan 
of a stencil. Paste type, blade pressure, 
blade type, board layout, stencil 
thickness, cleaning chemistry, 
and cleaning frequency all 
affect the stencil’s life. I am 
aware of customers running 
stencils for over 100,000 
print cycles, and then I know 
of other customers who re-
place stencils as soon as they 
cross the 40,000-print cycle 
mark. In the most optimized 
printing environments there 
should be no struggle with a 
good stencil printing success-
fully for 75,000 prints.

4.  how does area ratio 
impact the stencil type?

Paste transfer is a compet-
itive process. The side walls 
of the aperture hold the sol-
der paste inside the aperture 
while the area under the aper-
ture (pad on PCB) pulls the sol-
der paste out of the aperture away 
from the aperture walls. The larger the 
wall area compared to the pad area beneath the 
aperture, the more difficult it is for the paste to 
release from the aperture walls. Because of this, 
identifying area ratio ranges for the stencil and 
pairing them with the appropriate stencil tech-

nology is key. Doing so helps lessen rework and 
aids in the success of stencil printing.

5. Do I really need a coating on my stencil?
Many companies today use a nano-coating 

of some type to enhance the properties of the 
stencil. These benefit the printing process by 
providing slight paste release and under-screen 
cleaning improvements. Since most of these 
coatings are not permanent, it can be difficult 
to determine how long the coating will last in 
relation to the life expectancy of the stencil. Of-
ten a change in the coating becomes apparent 
only after process yields start to shift or clean-
ing becomes more difficult. More permanent 
coatings are hitting the market and some are 
colored for a visual indication of their presence 
on the stencil.  

6. What type of frame do I 
need?

Due to the countless types 
of printers used by manufac-
turers, the variety of frame 
types needed to service 
the industry is in the hun-
dreds. Fortunately, high-vol-
ume stencil sizes are fairly 
regular in size, typically com-
ing in as 8x10, 12x12, 20x20, 
23x23, and 29x29 inch 
frames. Many of these frames 
are available as standard 
frames, or as frames with 
space-saving options. Cus-
tomers who can move to 
standard frame types usually 
enjoy cost savings compared 
to those using less common 
frame types.

7. can you fix the stencil I 
have?
Yes, many stencil providers 

will add apertures and remount exist-
ing stencils into different frames.  In some cases, 
the time, effort, and costs associated with ship-
ping the stencil back and forth and remounting 
or adding apertures to an existing stencil make 
procuring a new stencil a more appealing choice.   

a ShorT SCoop

Because there are so 
many variables that 

have to be taken into 
consideration, there truly 

is no average actual 
lifespan of a stencil. 

Paste type, blade pressure, 
blade type, board 

layout, stencil thickness, 
cleaning chemistry, and 
cleaning frequency all 
affect the stencil’s life.

“

”

10 cOmmON STENcIL QUESTIONS continues



March 2014 • SMT Magazine    109

8. When can I get my stencil?
That’s usually the first question we’re asked. 

The trend of shrinking lead times directly affects 
the available manufacturing time for everything 
from bare boards to the stencils and 
everything in between. With 
the advent of laser-cut nickel 
blanks the industry now has 
a high-performance solu-
tion that can be shipped 
out as a same-day stencil. 
If your application requires 
an electroformed stencil, it 
still has to be “grown,” and 
it takes longer to fabricate 
due to the process involved. 
While not all stencils require 
a same-day or 24-hour turn-
around, the percentage of 
customers who want quick-
turn fabrication is definitely 
growing. Fortunately, most 
stencil providers have been 
able to increase through-
put capacity as well as make 
adjustments in logistics 
to accommodate custom-
ers. Of course, if you need it 
shipped overnight, that op-
tion is always available, but 
this has a large impact on 
lead time and the overall cost. 
Overnight shipping is expen-
sive, no matter where the supplier 
is located.

9. how important are design standards?
IPC’s stencil design guidelines are, in many 

cases, the fundamental basis of companies’ 
design guidelines. The design can affect the 
stencil’s performance in countless ways, both 
positive and negative. It can even influence 
the life of a stencil, so it’s advantageous to use 
standards that have been shown to provide the 
best results. Most large multiple-site stencil us-
ers have design standards which are used across 
the board at all of their locations. Companies 
that get this right enjoy design and print suc-
cess coupled with reduced rework and printing 
challenges. If your company is not following a 

design standard, start by looking at your key 
defects and evaluating what improvements can 
be made. Once those are identified and tested, 
they should become part of your design guide-

lines.   

 10. What, I need a special 
blade?

This question has to do 
with the importance of the 
blade in the printing process. 
As we discussed in the June 
2013 Short Scoop, blades are 
not as simple as they sound. 
There are multiple technolo-
gies available, from ultra-
robust hard blades to fairly 
soft 100% nickel blades. 
Each of these blade types is 
geared for a particular appli-
cation. The right blade type 
and the quality of the blade 
play large roles in the suc-
cess or lack thereof in stencil 
printing. An old worn-out 
blade with dings on the edge 
can cause printing defects as 
well as damage to the sten-
cil. Many customers forget to 
look at blade types and the 
quality of their blade, and 

they overlook an easy oppor-
tunity to improve their print 

process and save the company time 
and money.

As always, your stencil manufacturer is 
there to provide the best product for your par-
ticular application. While some questions are 
fairly general, the subtlety of your design needs 
should be addressed when you initiate a new 
design.  SmT

a ShorT SCoop

10 cOmmON STENcIL QUESTIONS continues

Fortunately, most stencil 
providers have been able 
to increase throughput 

capacity as well as 
make adjustments in 

logistics to accommodate 
customers. Of course, if 

you need it shipped over-
night, that option is 

always available, but this 
has a large impact on lead 
time and the overall cost. 
Overnight shipping is ex-
pensive, no matter where 
the supplier is located.

“

”

rachel Short is vice president 
of sales and marketing at Photo 
Stencil llC. To read past col-
umns, or to contact the colum-
nist, click here.
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a	Optomec to Discuss 3D 
 Printing at IEEE Webinar
  
optomec has announced that Mike o’reilly, the 
company’s aerosol Jet product manager, will par-
ticipate in an Ieee Webinar, “3D Printing: from 
Prototype to Production.” also presenting in the 
Webinar will be Melba Kurman, technology ana-
lyst and co-author of “fabricated: The new world 
of 3D printing.”

b	cEa to Discuss “The State 
 of Distracted Driving”

The Consumer electronics association (Cea) will 
contribute to a panel discussion on “The State of 
Distracted Driving” at a summit hosted by the u.S. 
Senate Committee on Commerce, Science and 
Transportation.

c	Lyytinen resigns as kitron’s  
 chairman of the Board

Kitron announces that asa-Matti lyytinen has in-
formed the company of his decision to resign as 
chairman of the board. To facilitate an orderly 
transition, he will stay in position until a new chair-
man has been elected.

d	conference Board LEI for 
 Germany Up in November

The Conference board leading economic index 
(lei) for germany increased 0.6% in november to 
108.2 (2004 = 100), following a 0.2% increase in 
october, and a 0.2% decline in September. 

Top 
Ten
News highlights from 
SmTonline this month
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e	Elecsys adds George Semb 
 to Board of Directors

elecsys corporation, a provider of innovative 
machine-to-machine (M2M) communication 
technology solutions, data acquisition systems, 
and custom electronic equipment for critical in-
dustrial applications, has announced that george 
Semb was appointed to the company’s board of 
Directors.

f	John c. Johnson Joins IEc’s  
 Board of Directors

W. barry gilbert, chairman and ceo, commented, 
“I am pleased John has been elected to our board 
of Directors. John is an accomplished individual 
with wide and deep experience in the military, 
aerospace, and defense industry.”

g	Telehealth Devices & 
 Services revenue to Swell 
 to $4.5B in 2018

The global telehealth market is expected to grow 
by more than a factor of 10 from 2013 to 2018, 
as medical providers increasingly employ remote 
communications and monitoring technology to 
reduce costs and improve the quality of care, ac-
cording to ihS Technology.

h	Potential role of Internet 
 of Things Drive Energy 
 harvesters
 
The Internet of Things adds connectivity to things. 
It is a broad term referring to applications as di-
verse as Internet-connected vehicles to consumer 
electronics such as smart phones.

i	TT electronics-ImS’ Ohio 
 Facility Earns Nadcap 
 accreditation
 
“we are extremely proud of this recognition for 
our efforts in Perry, ohio. over the past two years, 
news of nadcap accreditation across our global fa-
cilities has been well received by our customers as 
they see the mutual benefits of partnering with a 
global supplier that stands for the nadcap ethos,” 
said Mark r. Kray, vP and general manager.

j	Intel, apple rumored to 
 cut Deal for Fab 42

last month, Intel announced it would indefinitely 
postpone equipping its fab 42 in chandler, arizo-
na. This facility is currently a shell and was intend-
ed to have a built-out capacity of 40,000 300 mm 
wafers per month. The company has stated that it 
expects the facility to be used for manufacturing 
at the 10nm process node after first ramping and 
running 14nm production.
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    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, check out   
    Smt magazine’s full events calendar here.

Dallas Expo & Tech Forum
March 4, 2014
plano, Texas, uSa

NOrDIc hDI 2014
March 5–6, 2014
copenhagen, Denmark

houston Expo & Tech Forum
March 6, 2014
Stafford, Texas, uSa

SmTa Webtorial: Tin Whiskers—all You
Should know
March 11 and 13, 2014
online
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e v e n T S IPc aPEX EXPO 2014
March 23–27
las vegas, nevada, uSa

Electronics New England
March 26–27, 2014
boston, Massachusetts, uSa

Printed Electronics Europe 2014
april 1–4, 2014
berlin, germany

Internet of Things and 
WSN Europe 2014
april 1–2, 2014
berlin, germany

South East asia Technical conference 
on Electronics assembly
april 8–10, 2014
Penang, Malaysia
 
Intermountain (Boise) Expo &
Tech Forum 
april 17, 2014
boise, idaho, uSa

Smart Fabrics & Wearable 
Technology 2014
april 23–25, 2014
San Francisco, California, uSa
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