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Importance of SF

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

The surface finish influences the process yield, the amount @
rework, field failure rate, the abllity 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 eventual 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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Surface FinisheBost PH-ree

Multiple PbFree Surface Finish Options Now EXxists
o No clear winner, no ideal solution

Each PCB surface has different advantages and disadvantages that affects
fabrication, solderability, testability, reliability, or shelf life.

The 5 most popular Hiree Surface Finishes are:

o Electrolessickel/immersion gold (ENIG)
o And ENEPIGIlectroles®d added)

o Immersion silver (ImAQ)

o Immersion tilnGSh

o Organicsolderabilitypreservative (OSP)
o Pbfree HASL.

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

Newer finishes are currently being developed (direct Pd-iKEFEbatings,
nanofinish@s
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Surface FinisheBost PH-ree

PCB MATERIALS
e FINAL FINISH 2011
Reflowed Sn/Pb Pd/AU Reflowed SrvPh
b S$2.8M 1%
Electrolytic Ni/Au Electrolytic Ni/Au
$42.5M 11 OSP $56.5M 11

o $95.5M 24% osP

ImSn $144.3M 28%
S24.M $38.5M 7%
Lf HASL Lf HASL
$18.8M 5% $22.2M 4%
CAGY: HASL
$16.7M 4 S5.2M 1%

CAAGR 54%
_—

ImAg
$40.5M 10% $92.9M 18% ENIG
$155.9M 30%
$156.1M 39% ™* Revenue CAAGR
TOTAL: $399M |95 8.6% TOTAL: $519M

ENIG 0.0%
ImAg 18.1%
HASL -20.9%
Lf HASL 34%
ImSn 9.1%
Electrolytic NVAuU 5.9%
Reflowed Sn/Pb -56%
Pd/Au 38% N r\ .
T L wAvR_] DfR Solutions
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What is your SF selection approach?

Component ProcurementSelect the cheapest one and
the engineers figure out how to use It.

PCB EngineerSelect the finish that is easiest for the
suppliers to provide (their sweet spot); let the assemb
figure out how to use It.

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

Sustaining EngineerSelect the finish that minimizes fi
failures.

CEQO Select the finish that minimizes the overall cost
(including reliability risk).
DfR Solutions
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Considerations with SF Selection

Cost sensitivity

Volume of product (finish availabllity)

SnPb or LF process

Shock/Drop a concern?

High yield ICT is important

Is direct wire bonding required?

User environment (corrosion a concern)?

Fine pitch assembly (<0.5 mm)

Wave solder required ( P(

Are cosmetics of the PCB a concern?
DfR Solutions
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Surface Finish Selection Guideline
Attributes a

High Volume
Required

ost Sensitive
Product

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

Fine Pitch Corrosion Failure is
Components Used Possible
Wire bonding to
Finish is Required

Capable K Not Capable
. —\
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Surface Finish Selection Guideline

Attributes Cos.nsitive High Volume
1= & R ed
Cosm of Finish High Yield ICT
is | rtant Required
Pb-Free Wave Pb-Free
Solder Shoc pisa
(PCB > 62mil Concern
Fine Pitch Corrosion Failure is
Comp ts Used P le

Wire bonding to

Finish is Required

Not Capable
-
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OSP Issues: Plated Thréimk Fill

A 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 = EFF===22
¢ Risk of insufficient hole fill %=

>

>

Solutions: et
¢ Changing board solderability plating WY I
¢ Increasing top-side preheat - § ‘7
¢ Increasing solder pot temperature i e i"
(some go as high as 280°C) ) @
¢ Not recommended!

>

.= .4 P. Biocca, Kester

¢ Changing your wave solder alloy  DIR Sblutionslo
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In Circuit Test w/ O8&Eest via challenges

o Probing through HT OSP is not recommended.
o Solder paste is printed over OSP test pads/vias (leaving flux residue witharopaste).

Metallic Finishes OSP

\

Flux residue on
surface (small
issue) ~

Test Pad

Flux residue pools
in dimple and limits
probe contact.

Test Via - \ -

Space constraints on PCB make it difficult to eliminate test vias.

"l-l"
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Surface Finish Selection Guideline
Proq uct Cost Sensitive High(%olume
Attributes Product Required
Cosmetics of Finish High Yield ICT
is Important Re&ired
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern
Fine Pitch Corrosion Failure is
Components Used Possible
Wire bonding to
Finish is Required
5 Capable ) Not Capable
=9
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Immersion Silver Ag (ImAQ)

>

¢

>

>

¢

G
G
G

L@

Single material system

Thickness is typically 6-2 0  u o

Benefits

Specified by IPC-4553

Good flatness & coplanarity
Good shelf life if packaged properly.
Good oxidation resistance & shelf life.

Good wettability and reflow
performance.

Good testability
Low cost

O
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ImmAg Trace Etching

a==——— masking edge

Galvanic etching can occur SM edge if PCB
rinsing and drying not adequately performed.
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ImAg- Microvoids

o \oid under silver causes void at interface. | Microvoids survived shock
testing but cause early

failure in thermal cycling.

100

80

Cu-oxide Cu

40

Crack Area (%)
60

S I N . A

Figure 31. The small Cu area with respect to the sumrounding I I l I I I >

Ag surface bias the current density cavsing Cu~ ions to stream- 0 200 400 600 800 1000

out mto the ImAg bath, at the same tiume, the Cu- electrons re- Temp Cycle Cnu nts

routed to satisfy Ag+ ion reduction away from this region. Ref: Mukadam, i P Miaravaidsi n LF Sol der Joi r
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TypicaCreep Corrosion

PICTURE 3351_1a1 SHOWING A CLOSE-UP OF THE BRIDGING GROWTH
BETWEEN VIAS,

S i]@%&[ﬁ s

| - L_-' iz .)h‘ /v Ty
o (O3 I G

e e AN iV )

ACorrosion product is poorly conductive (resistance of about 1Mohm).
AConductivity is higher when the humidity is high.
AField returns often function fine i since corrosion product has dried out.

AFeatures most sensitive to leakage current will trigger the system failure
(failing symptoms can vary system-to-system).

AVisual inspection is often required to diagnose.




ImAg Creep Corrosidifected Locations
o Paper mills

o Rubber manufacturing (tires for example).
o Fertilizer

o Waste water treatment

o Mining/smelting

o Cement or asphalt production

o Petrochemical

o Clay modeling studios

o Regions of the world with poor air quality
o Etc- includes companies nearby such industries
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Impact of Tarnish

400

300 - ————

Shelf life can be an issue

o If not stored in protective bags

o Significant degradation when
exposed to corrosive gases

100 +

0 Months Shelf HASL
— = -6 months Shelf HASL
0 months Shelf ImmAg

Wetting Force (mN/mm)
o

0 months Field ImmAg

6 months Shelf ImmAg

0 2 4 6 8 10 L
Time (sec)

Tarnish after assembly is mostly cosradtid will impact
perception of quality.
If PCBA is visible to user tarnish may be an issue.

Scrap costs may increase considerably if PCBAs are repaired
and sent back into service.
o Boards that appear black but are still functional are often thrown ouit.
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Surface Finish Selection Guideline

PI’OF]UCt Cost Sensitive High(%olume
Attributes Product Required
Cosmetics of Finish High Yield ICT
is Im[ﬁortant Re&ired

Pb-Free Wave Pb-Free

Solder _ Shock/Drop is a
(PCB > 62mil Concern

Fin%Pitch Corrosion Failure is
Components Used Po(gible

Wire bonding to
Finish is Required

Capable Not Capable
: —
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Immersion SIS

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 flathess, 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)

DIR Solutionso
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ImSn Quality Issues & Failure Mechanisms

Insufficient thickness.

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

¢

30um, 60Sn40Pb coating
using non-activated flux

= Dry heat 155°C
o Damp heat 85°/85%RH
a Damp heat 40°/93%RH
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Solderability problems with Oxide . Steam
thickness greater than 5 nm.
¢ Excessive oxide thicknesses (50-
_100nm) pe_rlodl_cally observed. = e 0
Drivers of oxidation. Oxide Thickness (nm)
¢ Exposure to humid conditions o0
(>75%RH) o -
A  Greatly accelerates oxide growth . e
through the creation of tin hydroxides. | £ yd
A Use sealed moisture/air tight 2 &0 /e
wrapping for shipping and cool, low | £ /
humidity storage. gL/
A Cleanliness of the raw board. £ w /
A Contaminates breaks down self- 20 f — oo
limiting nature of tin oxides. 10 e e
A Accelerates oxide growth. o
0 20 40 60 80 100 120
Time (Days)
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Surface Finish Selection Guideline

Product
Attributes Product Required

Cosmetics of Finish High Yield ICT
is | rtant R red
Pb-Free Wave Pb-Free
Solder Shock/Drop is a
PCB > 62mil Concern

Filiitch Corrosion Failure is

Components Used Possible
Wire ding to
Finish equired

( Not Capable
-
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ENIG: Primary Reliability Risks

A Black pad drivers

¢ Phosphorus content

A High levels = weak, phosphorus-rich
region after soldering

A Low levels = hyper-corrosion (black pad)
Insufficient Phosphorous will not prevent J
corrosion during the highly acidic
immersion gold (IG) process.

¢ Cleaning parameters
¢ Gold plating parameters
¢ Bond pad designs

A Causes a drop in mechanical strength
¢ Difficult to screen
¢ Can be random (e.g., 1 pad out of 300)
A Ni-Sn intermetallic produces a brittle

interface when used with SAC solder.

Phosphorus-Rich Dark Streak
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