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The selection of the surface finish to be used on your
PCBs could be the most important material decision
made for the electronic assembly.

The surface finish influences the process yield, the
amount of rework necessary, field failure rate, the ability
to test, the scrap rate, and of course the cost.

One can be lead astray by selecting the lowest cost
surface finish only to find that the total cost is much
higher.

The selection of a surface finish should be done with a
holistic approach that considers all important aspects of
the assembly.
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Multiple Pb-Free Surface Finish Options Now EXxists.

No clear winner, no ideal solution. Surface Finishes, Worldwide
Each PCB surface has different advantages and 2003 s

disadvantages that affects fabrication, solderability,
testability, reliability, or shelf life.

The 5 most popular Pb-Free Surface Finishes are:

Electroless nickel/immersion gold (ENIG)
And ENEPIG (electroless Pd added)

Immersion silver (ImAQ) Immersion
Immersion tin (ImMSn)

Organic solderability preservative (OSP)
Pb-free HASL.

These finishes (except for Pb-free HASL)
have been in use for several years.

Pre Pb-Free usage was mostly when very thin, or
consistently flat finish were required.

Newer finishes are currently being developed (direct Pd,

Ref: J. Beers
Gold Circuits
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Component Procurement : Select the cheapest
one and let the engineers figure out how to use it.

PCB Engineer : Select the finish that is easiest for
the suppliers to provide (their sweet spot); let the
assembler figure out how to use It.

Assembly Engineer : Select the finish that provides
the largest process window for assembly and test.

Sustaining Engineer : Select the finish that
minimizes field failures.

CEQO: Select the finish that minimizes the overall
cost (including reliability risk).
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Cost sensitivity

Volume of product (finish availability)
SnPb or LF process

Shock/Drop a concern?

Cosmetics a concern?

User environment (corrosion a concern)?
Fine pitch assembly (<0.5 mm)

Wave solder required (PCB > 0.062")
High yield ICT is important
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Surface Finish Attributes

Surface Cost |Corros | ICT Hole | Fine | Cosm | Comments
Finish ion Fill Pitch | etics
Res
Imm Low |Poor Good |Mod Good Poor Good surface finish for soldering
Silver and testing, tarnish & creep
‘ ‘ ‘ Q ’ ‘ corrosion are the weaknesses
HT OSP Low Mod Poor Poor [Good [Mod Requires pasting of test pads/vias.
‘ Q ‘ O Difficult to achieve LF hole fill,
‘ ‘ especially on >0.062 boards.
LF HASL | Mod Good Good Good | Mod Good Phenolic laminate recommended.
O ‘ New equipment required. Flatness
O ‘ ‘ ’ is better than SnPb HASL
Imm Tin Mod | Good Good [Mod Good Mod Solderability/hole-fill may be a
Q problem on double sided PCBs.
‘ ‘ Shelf life.
ENIG High |Mod Good |Good [Good (ood Galvanic driven creep corrosion can
. O ‘ ‘ . ‘ occur if Cu is exposed. Ni-Sn
interface is brittle with LF. Black
pad issues remain.
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Attributes Cost Sensitive High Volume
Product Required
Cosmetics of _ _
Finish is ngh Yield ICT
Important Required
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern
Fine Pitch c ion Eail
Components orrosion Failure
Used is Possible
Is Important Isn’t Critical
to Product to Product
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Cost Sensitive High Volume
Product Required
Cosmetics of : :
Finish is High Yield ICT
Important Required

Pb-Free Wave Pb-Free
Solder <Shock/Drop IS a
PCB > 62mil Concern
Fine Pitch _ _
Used is Possible

Isn’t Critical
to Product

Is Important

to Product
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Solder fill is driven by capillary action

Important parameters
Hole diameter, hole aspect ratio, wetting force

Solder will only fill as long as its
molten (key point)

OSP has lower wetting force
Risk of insufficient hole fill
Can lead to single-sided architecture

Solutions:
Changing board solderability plating
Increasing top-side preheat

Increasing solder pot temperature
(some go as high as 280°C)

Not recommended!
Changing your wave solder alloy
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Probing through HT OSP is not recommended.

Solder paste is printed over OSP test pads/vias (leaving flux
residue with no-clean paste).

LF HASL OSP

X residue on
v surface (small
lssye

Flux residue
pools in dimple

v (big issue)
Test Via

Test Pad

Space constraints on PCB make it difficult to eliminate test vias.
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Cost Sensitive High Volume
Product Required

Cosmetics of
Finish is High Yield ICT
Important Required
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern
Fine Pitch : :
Components Cor_rosmn I_:allure
Used is Possible
Is Important Isn’t Critical
to Product to Product
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Initiation of
a short

sCorrosion product is semi-conductive (resistance of about 1IMohm).
*Resistance decreases as humidity increases.
*Traces sensitive to leakage current trigger the system failure.

*VVisual inspection required to identify failures (most are CNDs).
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Paper mills

Rubber manufacturing (tires for example).
Fertilizer

Waste water treatment

Mining/smelting

Petrochemical

Clay modeling studios

Etc. - includes companies nearby such industries

eFailures can occur in as little as a few weeks.

Failure rate can be quite high.

*MBs, HDDs, & graphics cards are most impacted (in airflow path).
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Exposed Cu was consumed to form copper
sulfide that could cause electrical shorts.
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Cost Sensitive High Volume
Product Required

Cosmetics of
Finish is High Yield ICT
Important Required
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern
Fine Pitch _ _
Components Cor_rosmn I_:allure
Used is Possible
Is Important Isn’t Critical
to Product to Product
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A single material system
Specified by IPC-4554
Standard thickness: 1 micron (40 microinches)
Some companies spec up to 1.5 microns (65 microinches)

Benefits
Excellent flatness, low cost

Not as popular a choice with PCB fabricators.

Environmental and health concerns regarding thiourea
(a known carcinogen)

Some concern regarding tin whiskering (minimal)
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Insufficient thickness.

Decreases solderability during
storage or after 2 " reflow — due to
IMC growth through the thickness.

Solderability problems with Oxide
thickness greater than 5 nm.

Excessive oxide thicknesses (50-100nm)
periodically observed.

Drivers of oxidation.
Exposure to humid conditions (>75%RH)

100
Greatly accelerates oxide growth o0 /
through the creation of tin hydroxides. o0

Use sealed moisture/air tight 70 | /
65C/85%RH
60 -
50

Oxide Thickness (nm)

wrapping for shipping and cool, low
Contaminates breaks down self-limiting N

humidity storage.
Cleanliness of the raw board.
nature of tin oxides. / 65C
Accelerates oxide growth. | oEHY/7/7"7

Time (Days)
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Cost Sensitive High Volume

Product Required
Cosmetics of
Finish is High Yield ICT
Important Required
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern

Fine Pitch _ _
Components orrosion Failure
Used is Possible
Is Important Isn’t Critical
to Product to Product

I ll#

© 2004 - 2010 $EE68"



‘ Brittle SnNi intermetallics fail more easily with a high modulus LF solder ball. \
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ENIG Less Robust than OSP.

SAC less robust than SnPb

Plating is an important driver
SnNi vs. SnCu intermetallics
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Number of Drops

b1=0.3122, h1=1.8307, g1=0.9725, r=0.8835
b2=0.4379, h2=17.5982, g2=14.6125, r=0.9316
b3=0.9213, h3=66.0929, g3=5.6500, r=1.0000
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Cost Sensitive High Volume
Product Required
Cosmetics of

Finish is High Yield ICT

Important Required

Pb-Free

Pb-Free Wave Pb-Free
<Solder HAS L Shock/Drop is a

PCB > 62mil Concern

Fine Pitch _ _
Components Corrosion Failure
Used is Possible
Is Important Isn’t Critical
to Product to Product
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Increasing solderability plating of choice
Excellent wettability/solderability and shelf life.
Robust in multiple reflow cycles.

Produces strong solder joints

Poor to Fair flathess/coplanarity compared to other Pb-Free Finishes (but
Improved co-planarity over SnPb HASL)

HASL process exposes/dip board in hot liquid Pb-free solder.
Some risk of thermal damage to the board.
However, no incidents reported to seen be DfR’s FA Lab to date
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Alloy selection is critical.
Sn-Cu will result in high Cu dissolution and poor planarity.
SnCuNiGe provides high fluidity and reduced Cu dissolution.

Role of constituents

Cu creates a eutectic alloy with lower melt temp (227C vs. 232C),
forms intermetallics for strength, and reduces copper dissolution

Ni suppresses formation of b-Sn dendrites, controls intermetallic
growth, grain refiner

Ge prevents oxide formation (dross inhibitor), grain refiner
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OSP (but must address ICT iIssues)
Hand held electronics
Notebook computers
Basic desktop computers
Basic consumer electronics & power supplies
Pb-free Medical or aerospace (thin PCBSs)

ENIG or ENEPIG

SnPb medical and aerospace

Small specialty electronics (not Pb-free that Is
susceptible to shock).
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IMmAQ
Fully enclosed hand held electronics
Basic consumer electronics

ImSn
Simple consumer electronics (not fully enclosed)
Simple medical or aerospace applications (1 side)
Low to moderate volume peripheral components

LF HASL

Thick LF PCBs going into business environments
(servers, telecom equipment)

Complex Pb-Free medical or aerospace?
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If no SF fits your specific requirements,
engineering may be required and tradeoffs
made.

For example, | need low cost, high volume,
corrosion resistant, with good ICT capabillity.
One solution might be to use ImAg but plug vias

with soldermask to protect from corrosion (but
cost Is sacrificed).

Another is to use OSP but implement cleaning to
remove flux residue for probing (cost is
sacrificed).
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Another example might be the desire to use
ENIG for a Pb-free product where shock is a
concern.

One solution might be to underfill critical
components sensitive to shock (cost adder).

Another might be to dampen the shock by better
design of the enclosure (possible cost adder).
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The surface finish you select will have a large
Influence on quality, reliability and cost.

It Is a complex decision that impacts many
areas of the business.

Select a finish that optimal for the business
(and not just one function).

Know that there are engineering tricks to
Improve on weak areas of each finish.

Stay current in this field because new
developments continue to be made.
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DISCLAIMER

DIR represents that a reasonable effort has been made to ensure the accuracy and
reliability of the information within this report. However, DfR Solutions makes no warranty,
both express and implied, concerning the content of this report, including, but not limited to
the existence of any latent or patent defects, merchantability, and/or fithess for a particular
use. DfR will not be liable for loss of use, revenue, profit, or any special, incidental, or
consequential damages arising out of, connected with, or resulting from, the information
presented within this report.

CONFIDENTIALITY

The information contained in this document is considered to be proprietary to DfR Solutions
and the appropriate recipient. Dissemination of this information, in whole or in part, without
the prior written authorization of DfR Solutions, is strictly prohibited.

From all of us at DfR Solutions, we would like to thank you for choosing us as your partner
in quality and reliability assurance. We encourage you to visit our website for information
on a wide variety of topics.

Best Regards,

Dr. Craig Hillman, CEO
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