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SMT Dynamics recently implemented complete
lead-free assembly at their Anaheim, California
facility.They validated their SMT, wave sold
ering and hand soldering lead-free processes and

ran successfully over 5000 high-end mixed assemblies
for FutureLogic. FutureLogic, a global manufacturer of
high-reliability thermal printers was very happy with
these assemblies and lead-free assembly for them con-
tinues.

The ENIG boards were 0.060" thick and had both
lead-free SMD’s and through-hole components. One
connector was hand soldered with lead-free.

Before any assembly with lead-free solders SMT
Dynamics had to insure all parts were lead-free finished
but also lead-free process capable. For SMT assembly
they chose Kester R520A with SAC305, a robust
water-soluble paste. For their wave solder machine, a
new Group Horizon machine with a titanium pot, they
chose Kester K100 tin-copper based solder.The wave
flux was the Kester 2235 water-soluble flux and applied
this flux via spray technique. For hand soldering, they
used Kester K100 331 water-soluble cored wire.

14 Pin DIP showing excellent top-side soldering

In this application, the user decided to employ two dif-
ferent alloys, SAC305 for SMT and K100 tin-copper
based solder for wave and hand soldering. The main

advantages of the K100 alloy is the lower cost when
compared to SAC305 but also bright solder joints and
its low drossing due to an additive to reduce oxidation.
The joints with this alloy are also free of shrinkage
effects normally seen with SAC solders. Below are typi-
cal pictures representing the results seen during the val-
idation process using the K100 lead-free solder in the
wave process.

Axials soldered with K100 

After the initial assembly boards were sent to two out-
side laboratories and the assemblies were graded to
IPC-610D criteria, cross-sections were performed on
both SMDs, through-hole and hand soldered parts.The
joints exceeded IPC-610 criteria, were free of voids
and the intermetallic bonding was excellent.

A 21 page report detailing the validation and conclu-
sions of this large build is available. Please request this
document from your local Kester sales representatives.

The next Lead-free Connection issue will discuss the
SMT Dynamics’ successful lead-free processes. In future
articles we will also visit the processes of other assem-
blers who have implemented lead-free successfully
using SAC305 and tin-copper based solders as to assist
you with your own reliable implementation of lead-
free solders and fluxes.

Case Study in Successful
Lead-Free Implementation 

using Both SAC305 
and K100 Solders

http://www.kester.com
http://www.nexlogic.com
http://www.zestron.com
http://www.cooperhandtools.com
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July 1 has come and gone but the RoHS Directive hasn’t gone
away. In fact China is looking to implement its own version by
March 1, 2007.This directive, the MII Methods Law still needs
some clarification but will require testing of the product for

banned substances, a test report and a label to accompany the product.
This does seem to be much more demanding than its European
equivalent.

Kester has been very busy assisting assemblers with the lead-free tran-
sition throughout 2006. Conversion does seem to be in full swing for
those that are not exempt. However, even companies that are exempt
are looking or are implementing some lead-free lines.What are the
motivators for exempt assemblers? They can be defined as follows:

✦ Leaded parts may be obsoleted
✦ Lead-free parts like BGAs seem to be more reliable with lead-free

solderingF
✦ Competitive or market pressures
✦ The global convergence of regulatory initiatives, China, Korea,

Thailand, Canada
✦ Leaded solder exemption may be temporary
✦ If lead is permitted, the other 5 banned substances may not be

The above were well defined in a paper delivered recently in Toronto
at the International Lead-free Conference put together by the
University of Toronto CMAP.The paper by Dan Shea, Chief
Technology Officer at Celestica, detailed the reasons why even
exempt assemblers should be looking seriously at green manufactur-
ing. His paper titled. "Guess What? There Are No RoHS
Exemptions!" detailed the many challenges confronting assemblers that
do not have to transition now.

We keep hearing that lead is a small fraction of the total used and
many refer to leaded batteries as a main culprit for use. It is true that
leaded batteries use lots of lead but the batteries have a recycling ini-
tiative in place and all lead is re-used, the plastic is used for its caloric
content during the rotary furnace recycling process, the acid is recov-
ered and the stainless steel nut under the polarity terminals also are
used in the recycling process. Nothing escapes to the environment,
unlike electronics and electrical goods.

Like previous publications, this article is a compilation of some of the
questions customers are asking.They are summary answers since each
question could be answered in expanded form. If additional informa-
tion is required please do not hesitate to contact Kester for further
assistance or do visit our website, www.kester.com where all previous

articles are also available.All of them are still applicable as the majority
of assemblers initiate the steps towards lead-free assembly.

Here are some of the more often asked questions in the summer of
2006.

WHERE CAN I GET MORE INFORMATION ON THE
CHINESE ROHS EQUIVALENT DIRECTIVE?
Information can be obtained at the following web address:

http://www.mii.gov.cn/art/2006/03/16/art_121_8441.html

A good paper on the topic is "Industry Challenges with China
Environmental Product Regulations" presented by Matt Kelly of IBM
Corporation, May 2006 at the CMAP Lead-free Conference.This
paper is a good summary of the regulation as its stands today.

The broad strokes of this mandate are the creation of a catalogue of
products that will need to abide with the regulation, labeling products
that are compliant, having a test report on the banned substance con-
tent of the product, testing the product in a Chinese recognized labo-
ratory, and using specific lead-free solders.

MANY ASSEMBLERS ARE DOING BOTH LEADED AND
LEAD-FREE SOLDERING IN THE SAME LOCATION.
WHAT NEEDS TO BE DONE TO AVOID CROSS-CON-
TAMINATION?
This question comes up more often during an audit where an assem-
bler has just transitioned. Lead can create havoc in a lead-free wave
operation. Lead-free bar comes in at lead levels < 0.05% while the
RoHS limit is 0.1%.The unintentional addition of two 1 lb bars of
Sn63Pb37 can elevate the Lead level beyond the RoHS limit.There is
no practical way to remove lead in a wave pot so pot dumping or
extensive dilution will be required.

Small amounts of lead, under 2%, do not seem to impact joint robust-
ness. However when soldering leaded parts within lead-free solders
this is not exactly known. If segregation issues are encountered due
to insufficient temperatures during soldering than higher levels of lead
may be present within certain parts of the joint.This could lead to
reduced reliability.This applies to all soldering situations such as
reflow, wave, hand-soldering and rework.

The first item in avoiding cross-contamination is a complete training

Lead-Free and RoHS Implementation
Moving Forward with Questions as Always
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of all operators. This includes those doing lead-free and leaded assem-
bly. Identifying lead-free work zones by the use of large signage, green
work station mats, identifying equipment with lead-free signs and
insuring lead-free parts and components are identified clearly.

To summarize, the following could act as a good starting point to
avoiding confusion.

✦ Identify the equipment with Lead-free and Lead-free symbols 
and signs

✦ Use LF bar solder that is triangular in shape instead of rectangular,
preventing operator mix-ups between leaded and lead-free bar sol-
der

✦ Use soldering products with different packaging
✦ Different colors of dross bins for leaded and lead-free dross
✦ Train all procurement and process personnel about leaded and 

lead-free identification systems used by suppliers, example IPC-
1066 
or JES-D97

✦ Train all process personnel about the differentiating processes in
place for lead-free and leaded, pre and post soldered assemblies

✦ Identify parts that are lead-free but not necessarily RoHS compli-
ant or that are not lead-free process capable

✦ Use solder pot covers with triangular openings to avoid uninten-
tional addition of leaded bars to a pot, where feasible

✦ Analyze solder pots regularly for main constituents but also lead
and iron

✦ Use green "RoHS Compliant" labels on components and board
packages

✦ Use green mats to identify lead-free work areas
✦ Identify soldering stations with a green stripe to differentiate them

from leaded
✦ Identify stencils solely used for lead-free, especially if hand cleaned.
✦ Identify or segregate lead-free and leaded assemblies requiring fur-

ther work or hand-soldering
✦ Separate and identify leaded and lead-free finished products

IF I AM CLEANING SOLDERED ASSEMBLIES CAN
LEADED AND LEAD-FREE ASSEMBLIES BE CLEANED IN
THE SAME CLEANING MACHINE?
The first thing to verify is if the present cleaning process and
chemistries can in fact clean-off all lead-free residues. Lead-free flux
residues will have seen higher temperatures. In reflow soldering, high-
er peak temperatures in the range of 240-255ºC are typical. In wave
soldering applications, longer contact times and higher pot tempera-
tures are common. During hand soldering, higher contact tempera-
tures may reach 800º F.This can result in some charring of residues or
polymerization of the flux resins resulting in possible cleaning difficul-
ties.

Asking the manufacturer if the flux residues can be easily cleaned after
higher temperature processing is a good start. As an example, Kester
works closely with the manufacturers of cleaning solutions to verify

cross-compatibility. Materials that have been designed for lead-free
operations will have been verified as lead-free process capable from a
soldering and cleaning perspective.

If the flux is removable in your present process, cleaning both leaded
and lead-free soldered assemblies will be acceptable. Lead is very insol-
uble in water and most cleaning solvents, so it will not contaminate
the lead-free products.

Checking ionic cleanliness is always a good idea, especially with the
higher activity water washable fluxes. In lead-free soldering, higher
temperatures can increase the risk of ionics remaining after the clean-
ing process. Checking ionic contamination levels after a flux chemistry
switch is always a good practice.

HOW ABOUT CLEANING STENCILS CONTAMINATED
WITH LEAD-FREE PASTES OR LEADED?
The same stencil cleaning solution will clean-off both leaded and
lead-free solder paste residues.The resins and activators used in both
lead-free and leaded pastes are usually from the same chemical family
and the cleaning chemistries will very often remove the residues with-
out change to cycle time and temperature.

Contamination of lead should not be an issue with stencil cleaning
machines.

If stencils are cleaned by hand this can a demanding process and insur-
ing all particles of leaded pastes are removed is critical. Examination of
the apertures is important.As the powder diameter decreases, cleaning
becomes more difficult. It helps that often stencils destined for lead-
free processes are not used in a leaded process.

IN REFERENCE TO PARTS AND COMPONENTS USED IN
LEAD-FREE ASSEMBLY, IS ROHS COMPLIANCY SUFFI-
CIENT INFORMATION TO RECEIVE FROM SUPPLIERS?
In a recent lead-free wave build a connector exhibited minor plastic
cracking after soldering.After examination, it was found that the con-
nector was lead-free, but was not designed for the higher temperatures
of lead-free wave soldering.

A part may have a lead-free finish on its terminations but not neces-
sarily be able to take the added heat during lead-free reflow, hand sol-
dering or wave soldering especially if long contact times are used.

Moisture sensitivity levels are also critical for hermetically sealed
SMDs.The floor life of some components destined for lead-free
reflow may be reduced.To avoid delamiantion, popcorning and die
stresses during the soldering process, a bake-out procedure may be
necessary. Understanding the MSL rating is important.

Other components may be tinned but not able to withstand higher
temperatures without charring, discoloration or, in extreme cases,
melting.
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The other questions to ask besides lead-free and RoHS compliant are:

✦ Maximum processing temperature
✦ Type of termination finish and composition
✦ MSL rating for lead-free assembly
✦ The use of nickel under the tin to reduce tin whiskers

WHAT SHOULD I CHOOSE FOR A LEAD-FREE WAVE
SOLDER?
Two popular choices exist, SAC305 and SnCu based solders.Another
option is the low silver SAC also known as SACX. Presently 60% of
assemblers have decided on SAC based solders and about 20% have
selected SnCu based solders.The remainder is still undecided.

SAC305 has the advantage of having more data available about its reli-
ability and processing. SnCu based solders have less data available at
this time. However, both have their place in the lead-free wave solder
world.

SAC305 contains 3% Silver and therefore costs more, elevating operat-
ing costs much higher than SnCu based solders.Wetting balance tests
indicated that SnCu-based solders wet slower than SAC-based solders.
This could translate into slower conveyor speeds and extended contact
times in the use of these SAC alternates.This usually isn’t  a big issue,
however, thick boards (0.093+") or difficult to solder boards may not
be easy to solder with SnCu-based alloys.

Some of the characteristics of SAC305 in wave applications are sum-
marized below:

✦ More information available
✦ High operational costs
✦ Patent-free 
✦ Faster wetting than SnCu-based
✦ Grainy cosmetics
✦ Higher incidence of hot-tears on joint surfaces
✦ Higher dissolution of copper
✦ Higher dissolution of iron based solder pots

Some of the characteristics of SnCu based solders (such as K100LD)
are as follows:

✦ Lower costs
✦ Less dross
✦ Less surface shrinkage effects
✦ Bright solder joints
✦ Less dissolution of copper 
✦ Less leaching of iron in solder pots
✦ Reduced maintenance costs

Through-hole joints with SnCu based solder K100LD using no-clean liquid flux, ORL0 Type

It is important to note that the above information compares SAC305
to Kester’s K100LD solder bar.This patent-pending alloy out-performs
all other lead-free solders in reference to the rate of Copper dissolu-
tion. It is a SnCu based solder with special additives to enable excel-
lent wetting, reduced dross and extremely low copper dissolution.This
reduces the cost of the overall operation as well.

14 Pin DIP soldered with K100LD

WHAT SHOULD I CHOOSE AS A LEAD-FREE TINNING
SOLDER?

Solder tinning can employ both SAC305 and SnCu based solders.The
key to is to give a good solderable surface and both SAC305 and
SnCu based solders are lead-free and easily solderable surfaces.

SnCu based is the lowest cost option and can produce a bright finish
if the alloy contains a nickel dopant.



The slightly higher dip tinning temperatures used in this process do
not impact wetting speeds. However, choosing SnCu based solders
with certain additives can reduce dissolution of base metals reducing
termination leaching and solder pot maintenance.

In the tinning of particularly thin diameter terminations the lower
dissolution of K100LD can be a potential advantage and increase the
reliability of the tinning.

DURING LEAD-FREE THROUGH-HOLE REWORK OPER-
ATIONS DISSOLUTION OF COPPER IS NOTICED AT THE
ELBOW OF THE BARRELS. IS THIS A PROBLEM AND
HOW IT CAN BE REDUCED?

Dissolution of copper in the rework fountain process can occur with
lead-free solders because of the higher leaching potential of the solder,
higher temperatures and more importantly extended contact times.

A good paper on this issue is the technical paper delivered by
Celestica’s Craig Hamilton at the 2006 CMAP International Lead-free
Conference. His work indicated a dramatic lose of copper at the
elbow of bottom-side barrels which could lead to a reduction in relia-
bility especially if the board sees thermal cycling events. His experi-
ments have indicated at times a 00% dissolution of copper.

In a wave soldering process, contact time with lead-free solders can be
from 1-6 seconds however in fountain rework processes the times are
longer 15-60 seconds.The flow rates of solder are also faster in foun-
tain rework.

Longer contact times and faster flow rates in these types of processes
accelerates the dissolution of copper but also other metals found on
boards and terminations.

A higher degree of solder contamination occurs which also increases
analysis frequency and pot maintenance.

The above pictures extracted from Craig Hamilton’s paper titled "Study of Copper Dissolution
during Lead-free PTH Rework", show all areas experience dissolution with the 

knee being more critical.

SAC305 can be particularly a problem since dissolution rates are high-
er with this material.Ways to get around the issue are reducing con-
tact times and using the lowest temperatures possible.Another option
is to use lead-free solders with a lower potential for dissolution such as
SnCu based solders with Nickel or other additives.These alloys will

have less ability to dissolve base metals. It is wise to ask for dissolution
data of the various lead-free solders that fall in this category.

IN SOME CASES MICRO-VOIDS ARE NOTICED IN BGA
ASSEMBLY WITH SAC305. HOW CAN THIS BE PRE-
VENTED?

Large voids present in BGAs need not necessarily be an issue if they
meet IPC criteria. However, with lead-free, micro-voids at the sub-
strate interface have been noticed. Especially noticeable with BGAs
and occurring with all types of finishes these smaller voids in large
numbers have caused concern for the long term reliability of these
types of joints.

The reason for their occurrence is complex and the following are
some of the variables associated with their occurrence.

✦ Solder paste flux chemistry
✦ Thermal profile used
✦ Board out-gassing
✦ Board pre-plating cleanliness
✦ Plating chemistries
✦ Plating thickness
✦ Organic inclusions in the plating

It is important to verify BGA lead-free joint integrity after soldering
and X-Ray but also cross-sectional testing are needed to exclude this
micro-voiding phenomena.

Not all board plated finishes are the same in reference to micro-void-
ing potential. For example, Immersion Silver chemistry may more
likely promote this than other types. It is important to ask for voiding
potential data from the plating chemistry 

Microvoids using X-Ray Micro-voids using cross-sectioning

The above photos are extracted from a paper by Don Cullen of MacDermid,“Eliminating
Microvoid Risk via an Optimized Silver Immersion Process”.
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Peter Biocca is the lead-free Senior Market Development
Engineer at Kester. Comments or questions pertaining to this
article can be sent to pbiocca@kester.com.

mailto:pbiocca@kester.com
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It is important for the OEM to understand potential problems that
can occur when transitioning from leaded to Pb-free (lead-free)
PCB layout, fabrication, assembly, and parts procurement. In these
instances, a well-informed EMS provider with Pb-free trained engi-

neers, technicians, and procurement staff can be a valuable asset to the
OEM, and can be used as an efficient Pb-Free transition team.

First and foremost, it is critical that the EMS provider maintains a strong
engineering team with an in-depth understanding the European Union’s
(EU) Restriction of Hazardous Substances (RoHS) and Pb-free require-
ments.The deadline for complying with these requirements was last 
July 1, 2006.

LOOKING AT EMS PROVIDER’S CAPABILITIES

Effective Pb-free transition is largely based on the strengths and capabili-
ties an EMS provider presents to the OEM. Frequent interaction between
the OEM and EMS provider is critical at layout, fabrication and assembly
and is the hallmark of effectively transitioning from lead- to Pb-free PCB
production.

OEM and EMS provider design teams should
work in tandem from layout stage towards the fin-
ished completed assembly.This teamwork signifi-
cantly contributes toward creating a coherent
design and helps to avoid costly mistakes involving
component replacement at assembly.

This same close interaction is vital at subsequent
product development stages so that the OEM can
incorporate changes the EMS provider is recom-
mending. By the same token, the EMS provider’s
stringent Pb-free procedures can serve as the basis
for excellent training the OEM can implement to
further improve its own manufacturing processes
and procedures.

PROCEDURE DEFINED AND PROCESS
IN PLACE

In this regard, the OEM should look for well-
organized, well-defined flow charts that have been
in place at an EMS provider’s location and are
well-proven. The EMS provider should have separate SMT lines, at least
one for Pb-free and another for eutectic assemblies.The procedure for
Lead Free assemblies should be time tested and proven and should have
QA/QC steps embedded in the process itself for proper implementation
of Lead Free product development.The personnel at EMS must be prop-
erly trained in lead free production, inspection, rework and touch up

aspects.What this does is it ensures an error free and repeatable process for
EMS provider day in and day out.

CAPITAL SPENDING AND RESOURCE ALLOCATION

The level of effectiveness a Pb-free transition team possesses depends
largely on the amount of technology investment and capital expenditure
the EMS provider has made into capital equipment, processes and person-
nel. This includes capital spending for such advanced equipment as AOI
(automatic optical inspection) system, a very high magnification of X-ray
for inspection of CSPs (Chip level packages) as well as BGAs.A multi
camera, high powered AOI machine is recommended to be used for
detecting and inspecting Lead Free components such as missing compo-
nents, misplaced components, wrong polarities and wrong values. These
machines should be followed by a powerful X-Ray machine to check and
verify Pb-Free assembly joints, especially true because some of the defects
such as solder voids, poor wetting or non wetting can not be detected
with the regular X-Ray machines or through visual inspection. Other
important capabilities include having the right BGA and CSP installation

machines with precise vision systems. (See Figure
# 1: BGA placement machine with precise vision
system)

The EMS provider should have separate equip-
ment such as soldering stations, fluxes, solder wires
etc. for Pb-free assembly, as well as nitrogen re-
flow capability to complete the loop as a compe-
tent lead free EMS provider.This investment in
turn verifies the commitment of the EMS man-
agement team that has been made in becoming a
leading Lead Free EMS provider.

Nitrogen re-flow is important for two reasons.
One, it provides solder points a shiny, cosmetically
pleasing finish, as opposed to dull and non-shiny,
which results from regular hot air reflow. Second,
the shiny aspect helps technicians to properly
inspect the lead free solder connections and joints
at QC levels.

Another aspect OEMs should focus on is how an
EMS provider is organized. Are procedures set up

so that the EMS provider can undertake R&D type of projects for
OEM’s?  Such an arrangement can be an experimental R&D lab for the
OEM to run different thermal profiles and different temperatures, for
example.Also, comparative studies can be conducted, as well, for instance,
hot air versus nitrogen re-flows, investigating different surface finishes and

Transitioning The OEM
To Lead-Free PCBs

A WELL-TRAINED EMS PROVIDER STAFF, PROVEN LEAD-FREE PROCESS FLOWS, AND INVESTMENT IN
ADVANCED TECHNOLOGY CAN HELP OEMS MOVE EFFICIENTLY TO LEAD-FREE.

Fig #1: BGA placement on a machine with precise vision
system using bottom heaters for uniform heating on a Lead

Free PCB.
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their impact on rework, or thermal tolerances and limits associated with
different PCB surface finishes.

Fig #2:A wave solder fixture for hybrid assemblies, for protecting eutectic components from excessive
heat required for Lead Free Assemblies

LAYOUT PHASE

At PCB layout phase, EMS provider’s engineers should have the complete
spec sheets of the components being used in the design, including the
thermal characteristics of all components being designed into a given
PCB. Plus, they should be capable of implementing any footprint
changes, if there are any. During layout phase, component placement also
plays a role for later Pb-free assembly in the sense that lead free compo-
nents must be on one side of the PCB to reduce  costs. If this is not pos-
sible, an expensive wave solder fixture for the solder side is designed to
protect eutectic components from excessive heat.

If the PCB is a hybrid, meaning it includes both eutectic and Pb-free
components on the same PCB, there should be proper assembly and fab-
rication notes provided at the end of layout phase to make the remaining
process flawless.These notes should be provided on fabrication, assembly
and mechanical drawing. Complete and proper notes like these give
assembly and fabrication staff specific details on how to implement suc-
cessful manufacturing practices on specific designs, for Pb-free and RoHS
compliant projects.

FABRICATION PHASE

The fabrication staff of a competent Lead Free EMS provider should have
a good understanding of materials and their thermal characteristics as well
as their specific shelf lives, rework tolerances and surface flatness. Materials
such as FR-4, FR-406, FR-408, Nelco or Rogers have different charac-
teristics. Some of these materials can withstand considerably higher tem-
peratures than others. Detailed knowledge of this material variety, their
shelf life and availability, as well as component thermal profiles, must be an
integral part of the EMS fabrication team.

When an EMS provider is well versed on these materials and their char-
acteristics, the OEM is assured that a given PCB is correctly fabricated.
Take for example a multilayer PCB being fabricated, based on different
core materials. Let’s say it uses FR-4 in an internal layer, but Rogers
material on the top and bottom side. Hence, different material cores are
involved to run the laminates and press them together. Here, you have
different materials with different characteristics and profiles.Therefore, it is

crucial for the fabrication engineer to fully understand material character-
istics to make sure that they are Pb-free compliant, when these layers are
stacked and laminated together and run through the fabrication shop.

The EMS fabrication team should also understand the differences in PCB
surface finishes, their thermal profile, their effects on assembly, and the tol-
erances involved at different re-work cycles. Moreover, it needs to know
how surface finishes of the PCB are different and which ones are best
suited for which kind of applications.The most commonly used Lead
Free  PCB surface finishes are ENIG, Immersion Silver and OSP.A com-
petent Lead Free EMS provider must be able to conduct studies to verify
the rework and recycle characteristics under different scenarios, to give
OEM recommendations based on in-house studies.

ASSEMBLY PHASE

Assembly of Pb-free PCBs requires the most detailed knowledge com-
pared to layout and fabrication process. This is due to thermal character-
istics differences in Eutectic and Lead Free components and the thermal
profiling temperatures at the pre-soak, soak and peak reflow stages which
need to be used according to the prescribed by the solder manufactures
for higher temperature cycles in different zones of the reflow ovens. In
particular, this involves certain special considerations when eutectic and
Pb-free components populate a PCB. Here, emphasis and careful exami-
nation go toward adequately securing eutectic devices from the higher
temperatures required for soldering Pb-free components. Using a wave
solder fixture for protecting Eutectic components is recommended (See
Fig #2).

Fig #3: QA/QC inspection being done at the incoming components receiving stages to verify Lead
Free components

Also, at assembly levels, properly labelled equipment for eutectic and Pb-
free components must be in place, well-organized, and kept completely
separate from each other.This practice ensures that the assembly process is
intact and the eutectic and Lead Free components are properly kept sepa-
rate from each other and there is less likelihood of errors, specially with
hybrid assemblies.

Re-work, inspection, and soldering work station operators must be
trained to properly perform those specific Pb-free tasks and be able to
catch Pb-free- and eutectic component-related mistakes.This is especially
true if EMS provider is using a dual system with Eutectic and Lead Free
systems simultaneously.
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T
he use of electronic components and sensors in humid atmos-
pheres has been increasing in the past years.A typical example
is the use in the automotive industry.A leading automotive
industry survey expects an electronic part growth from 30% to

40% by the year 2008.As part of ZESTRON’s ongoing effort to detect
and remedy cleaning related reliability concerns especially with the intro-
duction of lead free solder containing silver, the most common failure
me-chanisms are described in this recent scientific synopsis, namely elec-
trochemical migration and leakage currents induced by corrosion.1 As
briefly described in our recent contribution to Kester Lead-Free
Connection™, the presence of silver in common lead-free alloys has been
identified as critical to the long term reliability of lead-free assemblies.
The two major sources of climatic induced failures are described in
greater detail below to better understand their cause and at the same time
provide technical information to the reader to subsequently minimize
potential failures.

ELECTROCHEMICAL MIGRATION

Presupposition:To cause electrochemical migration, humidity is necessary,
where a humidity film of a few monolayers is fully sufficient.The certain
number of layers, which are sufficient to start the corrosion processes will
be formed at a critical humidity level of about 60-70% RH at room tem-
perature, depending on the substrate polarity and its surface energy.2,3

Hygroscopic pollution lowers the critical humidity in extreme cases down
to 40% RH. So even with a regular office climate, computers for example
are endangered.4 Given constant climatic conditions, the humidity adsorp-
tion for substrates (ie. by epoxy resin) with tin-lead metallization is con-
centrated mainly at the polymer surface (i.e. regular epoxy resin).This is
in strict contrast to thermal cycles, in which case the dewation occurs at
the warmest, indolent places, which are the metallic areas. Dusts, salt parti-

cles and adsorbed SO2 part of industrial atmosphe-res work as seeds for
condensation and support the dewation. In addition to a critical humidity
film, a metallization with a sensitivity to migration behavior is required. In
pure, condensed water the migration tendency can be established through
pH-value potential diagrams, so-called “Pourbaix”5 diagrams. Interestingly,
in the presence of chlorides and other complexing ligands (i.e. pollution
induced) even stable elements/metals like gold, indium, palladium and
platinum can migrate!

VISUAL PHENOMENA

Bridges with tree-like, band-like and fibrous structures growing from the
cathode to the anode can be observed in dependence of the concentra-
tion gradient at the cathode (Figure 1).

Figure 1: Dependence of the bridge shape from the concentration gradient

If the solubility of the corrosion complex created at the anode is very low,
a growing of bridges from the anode to the cathode, so-called staining
can also be observed.6 The composition of such bridges varies between
metallic at the cathode and anodic dendrites, to metal salt complexes at
the “staining” bridges.

Humidity and Pollution Effects
on Lead-Free Assemblies

PROCUREMENT AND MATERIAL MANAGEMENT

Personnel here must be well educated and trained about the differences
between Pb-free and eutectic components, how to cross reference lead
Free components for their eutectic counter parts and suggesting drop in
replacements.

These components should be kept in different sections of the stock room
as well as should be properly labeled. Once a PCB project is completed
left over Pb-free and eutectic components should be returned to their
respective bins and cages to avoid mixing them. A strong incoming
inspection process (See Fig # 3) should be in place with stringent criteria
so that if the Eutectic components are provided instead of Lead Free
components, they are caught at the incoming component inspection lev-
els, without making much of their way into the stockroom.These types of
checks and balances would make an EMS a mature and competent

provider properly capable of undertaking the role of Lead Free transition
team for OEMs.

In some cases, both Eutectic and Lead Free components may have similar
part numbers, and that is why it is imperative for the procurement special-
ist to ensure these different components are separated. Along these lines,
new inspection/ scanning devices are coming in the market place to
detect the amount of Lead as well as other RoHS restricted substances to
guarantee 100% RoHS compliant material coming into the doors of the
EMS provider.

Zulki Khan is President and Founder of Nexlogic Technologies,
Inc. Comments or questions pertaining to this article can be sent
to zulki@nexlogic.com.

mailto:zulki@nexlogic.com


BASIC ELECTROCHEMICAL MIGRATION MECHANISMS

ANODIC METAL DISSOLUTION

Anodic solubilized metallic ions transfer to the cathode, where they are
deposited via microscopically small peaks.The driving force of the disso-
lution is the electrolysis of the humid film by the operating voltage, which
is normally between 2 and 5 V.The free corrosion potential of a tin-lead-
metallisation is shifted from about –279 SHE to less than –500 SHE given
an electrolytic pH values higher than 12!

The kinetics of the metal dissolution occur directly at the crystal lattice
level; it is initiated at the corner positions of the crystal surface, mainly
caused by dislocations and crystal structure irregularities as well as through
adsorbed ad-atoms via continuous hydration. In addition, the contamina-
tion of printed circuit boards supports the formation and growth of
bridges. Harmful gases, such as nitrogen compounds, H2S, SO2 and CO2

are dissolved in the humidity films and have similar effects.The dissolu-
tion and solvation behavior influ-ences the formation of bridges. For sil-
ver migration (i.e. part of SAC 305 based alloys) the water soluble
Ag(OH), which is easy formed in aqueous solutions, is sufficient. In con-
trast, gold only dissolves if a tetra-chloro-gold complex can be formed.
This example shows, that in fact some elements do not form bridges
under pure-aqueous conditions. Naturally, migration processes in-crease
significantly in the presence of complexes forming/binding contamina-
tion.

DIFFUSION OF THE METALLIC IONS

The diffusion of the dissolved metallization ions is determined by the
electrical field.The conductivity of the electrolyte primarily depends on
the nature of metal salt ions, not on the degree of contamination. In case
the potential gradient compared to the concentration gradient of the
migrated ions is small, the ions diffuse along the concentration gradient. If
the concentration gradient is large enough, a diffusion of the ions against
the electrical field is actually possi-ble and the so-called “staining bridges”
are formed.The potential gradient is determined by the operation voltage
and the distance of the conductors.The concentration gradient is deter-
mined by the current density and the size of the active anodic area and
the diffusion velocity of the solvated metallization ions.

DEPOSITION OF METALLIC IONS

The deposition is dominant in areas with high field strength. If the con-
ductivity of the solution is small, due to a small concentration of ions for
example, the field lines are concentrated at peaks and edges.The increase
of lattice dislocations on the surface leads to a micro roughness and the
pyramidal growth to the formation of dendritic structures. For cases of
high ion concentration the growth of smoother structures is typically pre-
ferred.

CORROSION INDUCED LEAKAGE CURRENTS

Apart from electrochemical migration, corrosion induced leakage currents
are the second main failure mechanism on electronic assemblies. In sul-
furous industrial gas atmospheres and humidity levels of about 60 % RH,
especially at copper contacts and metallic surfaces (dependent on the lead-
free alloy), corrosion-induced leakage currents can be detected.This effect
is induced by defects, for example due to pores and cracks in solder masks

(Figure 2) or at glass of TO 5 transistor packages.7 In contrast to the elec-
trochemical migration mostly no bridges were formed.The solution of
copper sulfate increases the conductivity of the humidity film, until a
short cut occurs. Probably the advanced corrosion processes lead to
delamination of the conformal coating, due to the presence of alkaline
surfactants/saponification.8 Therefore, the corrosion processes and the
growth of bridges will be accelerated.The expansion of the bridges takes
place through diffusion processes. In the humidity film gases such as SO2

is solvated. NOx-combinations support the oxidation of SO2 to sulfuric
acid9 and, therefore, to the corrosive effects of the industrial gas.

In addition to the corrosion induced leakage currents corrosion induced
cut offs can occur as well (Figure 3).As a result, the glass conductor lines
of hybrids are endangered. In this particular case it is the contamination,
especially sulfur compounds, which supports the corrosion induced
defect.

Figure 2: Bridge of copper sulfate, started with a crack in the solder mask.

Figure 3: SEM structure of Ag-Sulfur salt needles created by corrosion 
induced cut- offs on a hybrids.
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QUESTION: CAN WE EXPECT A SOLDER JOINT TO

LOOK THE SAME AFTER HAND SOLDERING WITH

LEAD-FREE SOLDER?

ANSWER: One of the first things we notice is a dull appearance on
the surface.Actually, industry standards have allowed a matte surface
for years. However, up until this point it was not normal. Many times
it was the result of a slow cool down involving large mass parts or
thick multi-layer boards or even high temperature solder.

Chip soldered with Tin-Lead Alloy

Lead-Free Hand Soldering 
Frequently Asked Questions

SUMMARY

Most failures of electronic components in humid atmospheres are caused
by electrochemical migration and leakage currents.The reduction of the
conductor spacing enhances risks of a fall out by short cuts especially
affects sensors and control circuits in stand by modulus.

This study described the various steps of electrochemical migration, con-
sisting of metal solubilization, metal diffusion and metal deposition.The
influence by the type of metallization and operating voltage was stated.
Furthermore, it is noteworthy that silver, which is part of most common
lead-free alloys, was found to be a main contributor to electrochemical
migration.The type and concentration of contaminants mostly caused by
flux residues determines the chemical composition of the bridges.

Figure 4: ZESTRON Analytical Center

Leakage currents arise with air pollution, especially of sulfur dioxide.
Imperfections of the solder mask like cracks and delamination form
crevices, induce corrosion.The Gemini SEM enables now to proof the
leakage path even in cases where only of very thin moisture films remain.
Furthermore, the authors found that it is possible to analyze the chemical

composition of the released salt bridges. Further information can be made
available through ZESTRON Analytical or Application Technology
Departments (Figure 4).Additional studies are currently underway to fur-
ther correlate globally available lead free alloy compositions to the above
mentioned failure mechanisms.

NOTES:

1This study was conducted at Zestron Analytical Centers in North America and Europe, 2005.

2Lee, Staehle,Adsorption studies of water on copper, nickel, and iron using the quarz-crystal microbal-
ance technique, assessment of BET and F models of adsorption, Materials und Corrosion 48
(1997), pp 86-94.

3H.Schweigart, Fuctional safety of conformally coated assemblies when exposed to moisture/climatic
stressors, Munich, Hieronymus, 1997

4Excerpt from PC World, 1993.

5Tosun, Is Climatic Reliability Endangered by Lead-Free Assemblies, SMTA Chapter, 2005

6Krumbein, Metallic Electromigration Phenomena, Chapter. 5, Christou: Electro-migration and elec-
tronic device degradation, New York,Wiley-lnterscience, 1994, pp 139- 166.

7Ernst,W The impact of air pollution on components in the electronics industry, Electronic Industry
(1986) 7/8, pp 118-122.

8Schweigart,H Impact of environmental conditions on confromal coatings,Association for
Environmental simuaiton, Pfinztal, 1998, Karlsruhe, 1998, pp 27-1 - 27-15.

9Hajas, Electrical Resistance on solder masks, Color&Coating 94 (1988) 3, pp 190-193.

Dr. Helmut Schweigart, Ph.D is the Head of Application Technology for Zestron

Europe. Dr. Harald Wack, Ph.D is the Executive Vice President of Zestron America.

Questions and comments pertaining to 

this article can be sent to 

h.schweigart@zestron.com or

h.wack@zestronusa.com.
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Through hole joint with Lead-Free Alloy

Lead-free alloys often go beyond dull since surface appearance may
lean towards grainy. Inspectors will have to adapt their thinking away
from smooth, bright and shiny and realize that rejecting a grainy lead-
free joint could be just as bad as accepting a defect.

In revision “D” of both IPC-A-610 and J-STD-001 it says:“The pri-
mary difference between the solder connections created with process-
es using tin-lead and processes using lead-free alloys is related to the
visual appearance of the solder.” It goes on saying:“Acceptable lead-
free and tin-lead connections may exhibit similar appearances but
lead-free alloys are more likely to have:

• Surface roughness (grainy or dull)

• Different wetting contact angles

All other solder fillet criteria are the same.”

DO WE HAVE TO ADJUST OUR HAND SOLDERING

TECHNIQUES TO WORK WITH LEAD-FREE?

When making the move to lead-free, one of the first adjustments is
usually to turn up the soldering tool temperature.This can be danger-
ous. Operators are surprised to find that most of their through-hole
and surface mount components can be soldered at or below 700°F.
This is especially important when using no-clean flux.

When the iron temperature is increased so as to char the flux, a defect
is created and cleaning is required. Instead of starting with a higher tip
temperature, the operator can try watching for wetting at a given tem-
perature and decide if the process can be done in a reasonable dwell
time. Pre-heating can reduce time to reflow and reduce the risk of
heat-related damage.

WHAT CHANGES ARE NECESSARY IN SOLDERING

TOOL MAINTENANCE WHEN WORKING WITH LEAD-
FREE SOLDER? 

One of the bigger challenges in working with lead-free solder is prop-
er maintenance of the solder tools. High percentages of tin in the
lead-free alloys will have a harmful effect on the tools. Iron tips and
solder pots will degrade at a faster rate which will affect the thermal
transfer capability. Some equipment will have to be replaced and more
attention given to maintaining the quality of the soldering iron tips.

Operator training in using the correct methods will pay huge divi-
dends.They should immediately develop the habit of tinning the tip
after the soldering operation as well as using distilled water for solder
sponges.Tip tinners and polishing bars may be used as a regular part
of iron maintenance.

WHAT CHANGES ARE NECESSARY IN SOLDERING

TOOL DESIGN/PERFORMANCE WHEN WORKING WITH

LEAD-FREE SOLDER? 

Soldering irons and stations will require the capacity to bring the joint
to sufficient temperature rapidly and hold that temperature with mini-
mal recovery time. More powerful tools will do the job better just like
a car engine with more horsepower will pass quicker and climb hills
easier.

Besides having the necessary power, the optimal soldering tool will
also possess very efficient heat transfer to the work.This efficient heat
transfer, plus enough power, will ensure that recovery rates are very
fast and will not slow down operations when moving from joint to
joint. In addition dwell time on the PCB will be minimized.

Efficient delivery of the heat to the joint depends on a number of fac-
tors: adequate power from the heater; proximity of the heater to the
working end of the tool; thermal efficiency in delivery of the heat to
the joint (geometry and tip/heater materials); some means of quickly
sensing the need for delivery of more heat (location of sensor); and
accurate control of the tools temperature (microprocessor control with
no overshoot).

NOTES:
Images courtesy of Ken Moore of  Omni Training

Robert Markovsky is the Director of Marketing, Electronics
Applications at Cooper Hand Tools. Comments or questions
pertaining to this article can be sent to 
bob.markovsky@cooperhandtools.com 

mailto:bob.markovsky@cooperhandtools.com
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