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Lead-free Component Finishes -
A Market & Technical Analysis

By John Swanson & Yun Zhang

In this edited version of a paper given at SUR/
FIN® 2001—Nashville, a marketing perspective
of the change and transition to lead-free alter- |
natives for component finishes is presented.
What drives the change? Legislation, the corpo-
rate “environmental conscience,” market needs,
or a combination of these factors?

The authors report on the status of current,
worldwide legislation, and compare and contrast
the status of developments and transition dynam- = 4 '
ics to lead-free alternatives in the different regions FEi s i BT Tow. - g
of the world market. Opportunities and risks are A tin whisker is cross-sectioned using focused ion beam technology (FIB). The

also assessed and discussed, considering current base of the whisker shows intermetallic copper-tin forming as a precurser to
market knowledge and conditions whisker growth. The photos are the same—the one on theright is an enlargement

of the | eft photo.
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Evolution of the “Pb-free” Issue immersion silver, and OSPs), while bringing the clear ben-

In recent years, the electronics industry has been pressuegid of being Pb-free, are primarily desirable because of
to eliminate lead from its products and manufacturing prasther tangible benefits: process cost (both capital and pro-
cesses. The “Pb-free” issue has been evolving for sevetgks materials), improved surface planarity, and in some
years, with its most direct origin from enacted and proeases, better compatibility with other board materials. In
posed legislation in Japan and Europe. These legislatioshort, more traditional drivers of change are hastening the
combined with growing expectations for corporate envieonversion to Pb-free finishes: cost and efficiency.
ronmental responsibility, have a broad and far-reaching

effect on organizations throughout the electronic materph-free Soldering Materials
als supply chain. From the consumer perspective, manu-

facturers of goods such as laptop computers, camcordeg;containing pastes and molten metals serve asthe bridge
and PDAs are fiiding that “green labeling” associated withi0INing electronics components to board surfaces or other
Pb-free products can often translate to a moretphié  Jevices. The materials are traditionally based on a 60/40
product line. Further up the chain, suppliers and manufafifv!ead aloy and are highly suited to electronic assembly
turers with an interest in the plating and surfanisfing 07 @ variety of reasons—low melting point, low cost,
industry are dramatically affected. and excellent solder performance (wetting speed, wetting
When considering Pb-free conversion issues confronf2ce joint strength, and joint durability). A wide variety
ing the manufacture and assembly of electronic products PP-free atematives to traditional solder continue to be
and components, three basic segments of focus can IBYEStigated, but alloysbased on Sw/Ag/Cu and Sn/Cu have
defined: emerged as the most popular aternatives. Unfortunately,
Sn/Ag/Cu and Sn/Cu do not offer the operational advan-

1. Pb-free fiishes for printed wiring boards (PwBs) ~ @gesprovided by alternate PWB finishes, discouraging the

2. Pb-free soldering materials (pastes and solders) speed at which conversions are likely to occur. Si/Ag/Cu
3. Pb-free surfacerfishes for electronic components ~ ad S1/Cu solders both meit at much higher temperatures

than Sn/Pb, significantly complicating assembly processes.
While this article will focus on the challenges and driving“aerials containing silver result in an obvious cost dis-
forces associated with Pb-free componentsfies, the advantage. Few of these alloys can match the inherently
issues surrounding conversion in the PWB and solderirfyPerior soldering characteristics of tin/lead.

materials segments are also bgiefummarized. .. .
Driving Forces for Conversion:

PWB Finishes

In this segment, traditional fiead finishes are applied
via a process generaly known as hot air solder leveling
(HASL). A variety of HASL alternatives has been growing
in popularity for several years. The more popular aterna
tives (electroless nickel, immersion gold, immersion tin,

A Regional Analysis

Significant contrasts can be observed in the evolution
of the Pb-free movement in the three major economic
regions: Asia, Europe, and North America. When consider-
ing the electronicsindustry, the leading edge of technologi-
cal change, product evolution, and overall gross industrial
product for the Asian region is certainly found in Japan.
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Japanese legidation affecting the recycling of Pb-containing con-
sumer goods such as televisions, refrigerators, washing machines,
and other durable goods was written in the 1990s and formalized
in 2001. A large proportion of original equipment manufacturers
(OEM) and consumer electronics firms headquartered here have
reacted with internal initiatives to meet thislegislation, and expand
proactively beyond it. This can be tangibly observed in commer-
cialy available, Pb-free goods, such as mini-disc players, available
from Panasonic. Additionally, electronic component suppliers are
beginning to announce product line conversions. Fujitsu recently
announced a number of Pb-free semiconductor packages, and the
intent for full product line conversion by the end of 2002.

Design changes by these industry leaders are having an effect
beyond Japanese borders. Contract assemblers, component manu-
facturers, and plating shopsin areas such as Taiwan and Southeast
Asia supply this market, and are increasingly being asked to
supply Pb-free materials and finishes. The Asia demand for
Pb-free process material s (such as solders and el ectroplating solu-
tions) far exceeds that of other geographic areas.

Looking at Europe, thisregion is obviously a collection of inde-
pendent economies, governments, and cultures with deviations in
opinion and environmental world view. However, some collective
generalizations can be made. A will for environmental responsibil-
ity and conservation pervades in the bulk of the region. The indi-
vidual populace frowns upon excessive waste and lack of environ-
mental conscience by corporations. This, combined with the com-
petitive influences of a global marketplace and legidative issues,
resultsin Pb-freeinitiatives at the OEM level similar to those cited
for Japan. This stated, the gross demand for Pb-free process materi-
asin Europe has been significantly reduced by a shift to |lower-cost
manufacturing sitesin Asia

European Union—the WEEE Directive

In terms of the European regulatory landscape, the key position-
ing document is the Waste Electrical and Electronic Equipment
(WEEE) Directive. This has been drafted to curtail lead, mercury,
cadmium, hexavalent chromium and halogenated flame retardants.
The objectives of this Directive are to:

* Prevent waste

* Reduce the amount going into landfill

* Re-use and recycle wastes

* Promote design & production to facilitate the ability to repair,
upgrade, re-use, dismantle and recycle

* Encourage use of materials that can be easily recycled

* Minimize environmental risks and impacts from treatment and
disposal of end-of-life equipment

It isthe producer’sresponsibility to mark consumableswith sep-
arate collection symbols and to supply data on quantities for each
category. Components containing substances that are listed in the
Directive would need to be removed prior to landfill, incineration
or recovery.

The scope of the draft Directive coversall electronic and electri-
cal equipment in the following exhaustive list of categories:

. Large household appliances
. Small household appliances
. IT and telecommunication equipment
. Consumer equipment
. Light equipment
. Electrical and electronic tools
Toys
. Medical equipment systems (with the exception of all
implanted and infected products)
9. Monitoring and control instruments
10. Automatic dispensers
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In each category, there is alist providing examples of products
covered by each respective category.

The development of the draft Directive has involved detailed
consultation and attracted intense discussion involving industrial
associations (EECA, PCIF, EMIF), governmental and associated
bodies (DTI, NPL inthe UK; IPC, NEMI and NIST inthe U.S.), as
well asindividual companies around the globe.

During this process, the implementation dates have been adjusted
and readjusted. Frominitial work in 1991, the process has progressed
through various stages resulting in the first, second (July 1998), and
third (July 1999) drafts, followed by the most recent draft in 2001,
proposing implementation of the lead ban by January 2007.

Two EU Parliament committees (the Enterprise Committee,
which has adopted a less ambitious stance, and the Environment
Committee, which has been more proactive) are currently scruti-
nizing the draft proposal and will put forward recommendations to
the European Parliament for a vote. The Environment Committee
has drafted an opinion suggesting that the implementation date be
brought forward to 2004.

At the EU national level, there are many examples of theregula-
tion of lead-containing products and particular uses of lead such
as.

* In Austria, there are restrictions on the lead content of fertilizers
and on the use of sewage sludge if the heavy metal content in
the soil or the sludge exceeds certain limits. Similar ordinances
have been adopted by Finland and drafted by the German gov-
ernment.

* In Denmark, a regulation on lead-containing products is under
way. The draft regulation contains a general prohibition (with
exemptions) on the sale of products containing lead substances.
The sale of a range of specified products containing lead is also
prohibited.

* In Sweden, there are initiatives to phase out lead use in many
products including cables, solder, light bulbs, cathode rays and
keels.

The pragmatic and understandabl e response on a significant part
of leading European el ectronics manufacturing companies (> 60%)
has been to hope for the best and prepare for the worst. In practi-
cal terms this has meant learning from the experience derived from
Japan and being ready to implement atechnically feasible|ead-free
solution when legislation demands it at the least.

North America, in contrast with Japan and Europe, lacks a leg-
islative movement directly focused on lead issues in the electron-
ics industry. In the U.S., a number of state-specific legidations
relating to lead hazards do exist. These are numerous, but some
of the common elements involve the presence of lead in landfills,
drinking water, and paints. Closer to the electronics industry, the
California Department of Toxic Substance Control has recently
published language condemning the presence of lead in cathode
ray tubes.

Despite the lack of a legidative push, global competition is
naturally catalyzing lead-free initiatives at North American firms
focused on the eectronics industry. Lead-free programs at con-
sumer-focused firms like Motorola, Hewlett Packard, and IBM are
well underway and characterized by individual product conver-
sions and test cases. Major North American component suppliers
like Tyco and Molex are moving to meet their customers' require-
ments and expectations. The “trickle down” of these initiatives to
contract suppliers and plating job shops has been limited, though.
At least two explanations can be offered. First, full product line
conversions at the end of the supply chain have not yet occurred, so
demand is limited. Additionally, the severe economic downturn in
the electronics industry has resulted in layoffs, plant closing, and
acurtailing of “non-essential programs’ such as lead-free conver-
sions (thisis certainly true globally, not just in North America).
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Lead-Free Component Finish

Alternatives

Against this backdrop, the technical
feasibility (some more than others) of
the main alternatives can be considered.
In the context of lead-free alternatives
for component finishes, arange of can-
didates presents themselves. However,
has the choice truly become more dif-
ficult? The accompanying table com-
pares the advantages and disadvantages
of tin and tin aloy finishes as alterna-
tive lead-free component finishes:

Animated discussion has surrounded
the question of the whisker phenom-
enon as it relates to al of the alterna-
tive lead-free component finishes listed
in the table. Conventional wisdom sug-
gested that an “aloy” finish would
suppress whisker formation. Numerous
independent reports have shown that
the “alloy” lead-free alternatives form
whiskers, some more prolificaly than
pure tin. In addition, experience and investigations have shown
that it is not simply a question of alloy versus pure tin, but rather
total process parameters and control. Many lead-free alloy plating
processes suffer common deficiencies such as immersion plating
and accelerated oxidation of Sn (I1). Until these deficiencies are
sufficiently addressed, and whisker growth mechanism adequately
understood, it is unreglistic to foresee a massive conversion from
tin-lead plating processes to these |ead-free plating processes with-
out implications of increased cost and product reliability.

In Japan, where the earliest progress in switching to lead-free
alternative finishes was made prior to the availability of current
results, manufacturers were suspicious of puretin withinitial inter-
est focusing on SnCu, paying limited attention to the wider practi-
cal difficulties that attend its use. Furthermore, collective experi-
ence indicates that SnCu appears to have higher whisker growth
propensity when compared to pure tin. Recent interest has focused
on SnBi—considered by some to achieve whisker freedom. In
addition to the process issues mentioned previously, akey concern
regarding SnBi involves its compatibility with conventional tin-
lead solders or tin-lead finishes. Have the potential liability issues
raised by the possibility of cross-contamination between batches
been underestimated? The potentially massive implications this
incompatibility could cause (particularly during an apparently pro-
tracted change-over period) should be given serious consideration.

The technical and practical difficulties surrounding the plating
of SnAg have been acknowledged as probably the most challeng-
ing of all the current lead-free alternatives. Pending further sig-
nificant process development, it is an unlikely contender for wide-
spread use in the electronics industry.

These considerations leave pure tin, which in terms of com-
patibility and simplicity, the most logical and compatible drop-in
replacement finish for tin-lead, capable of meeting the require-
ments of a vast range of applications. As described elsewhere,
the whisker phenomenon is relinquishing its mystery enabling
the deposition of finish with a controllable outcome/performance/
behavior in relation to whisker formation.

The benefits of the overriding environmental objective of remov-
ing lead from the environment have generated widespread interest
and approval in many quarters. Given the popular interest and sen-
sibility towards this issue, it is reasonable to expect the change
as inevitable. Equally, in contemplating the transition to lead-free
assembly technology, it has been shown that a complex set of
issues needs careful consideration. The debate around thetransition

Finish
Sn 232°C

Sn(2-5)Bi 220-225°C

Sn(3.5)Ag 221°C

Sn (0.7-1.5)Cu

*SAC alloy: ShAgCu alloy

16

Advantages
Compatible with SAC* aloy
Simple process control

Compatible with SAC aloy
Lower melting point

Compatible with SAC alloy
Lower melting point

Compatible with SAC Alloy
Lower melting point

Tin & Tin Alloy Finishes

Concerng/l ssues

Whisker formation

Whisker formation
Immersion plating
Alloy control & measurement

Whisker formation

Very narrow process window
Cost increase

Environmental issue with Ag

Whisker formation
Immersion plating
Accelerated Sn (I1) oxidation

to “lead-free” component finishes has revolved around the whis-
kering issue—perhaps for too long inisolation of the other signifi-
cant and important parameters when selecting the optimum lead-
free process. Consideration of the complete spectrum of aspects
such as plating process compatibility and product compatibility
(whiskering behavior, solder joint reliabilty etc.), providesthe most
sound basis for the choice of a new technology. pasF
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