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What is a Surface Finish?

�The surface finish/coating preserves the 
solderable surfaces as the PCB moves from 
PCB manufacturing to assembly 



Most Common Surface Finishes

� HASL (hot air solder leveling)

� OSP (organic solderability preservatives)

� ENIG (electroless nickel/immersion gold)

� ImAg (immersion silver) 

� ImSn (immersion tin)



Surface Finishes: Overview

Source: Printed Circuit Design & Manufacture, March  2007



Yield vs. Surface Finish

� Assembly = interconnecting/soldering

� Many known factors for poor first pass yield 
(FPY), but surface finishes issues are being 
neglected

� Surface finish quality affects FPY and final 
product reliability
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HASL: Hot Air Solder Leveling

HASL

picture source: electroloy

picture source: Bob Willis

HASL is a solder coating, 
available in both Pb and Pb-Free.



HASL: Process

Typical thickness is 100 ~ 500 micro-inches

HASL



HASL: Soldering
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HASL: Pros & Cons

1. Solder mask residue preventing HASL from flowing
2. poor bonding, contamination on the surfaces of the 

copper prior to bonding or resin issues in the laminate

1 2

HASL



OSP: Organic Solderability 
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OSP is a transparent organic material coating
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OSP: Process

OSP

picture source: Multek
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OSP: Soldering
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OSP: Pros & Cons

OSP



OSP: Issues

Exposed Cu

picture source: screamingcircuits

Skip/oxidized Cu
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ENIG: Electroless

Nickel/Immersion Gold
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Nickel is plated over Cu then gold is plated over N ickel 
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ENIG: Process
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ENIG: Soldering

Two Intermetallics
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Required more TAL & peak in soldering 



ENIG: Pros & Cons

ENIG



ENIG: Issues

� Phosphorus content:
� Phosphorus-containing reducing agents are used for the reduction of the 

electroless nickel during the deposition process. 

� Phosphorus is thus incorporated in the nickel deposit. 

� The level of these co-deposited elements should be controlled within 
the specified process limit. 

� 8~10% is allowed... variation of phosphorus level, outside the specified 
process limits, may have adverse effects on the solderability of the finish.

ENIG



ENIG: Issues

� Nickel exposure/oxide:
� Nickel is used as diffusion barrier in ENIG plating and protects Cu 

dissolution into solder to ensure better reliability. 

� Etching of the nickel surface immediately prior to and during the 
deposition of Im gold leads to interfacial tarnishing (corrosion) and bond 
separation

ENIG



ENIG: Issues

� Gold embrittlement

� Appears at solder joint microstructure level; affects reliability

� Gold will quickly dissolve into molten solder

� More gold means creates a thicker AuSn intermetallic

� A thicker intermetallic cause embrittlement

� This threshold is ~ 3 wt% gold

� In other words, thicker gold plating is bad for the reliability

ENIG



ENIG: Issues

� Black pad/black Ni (can be seen visually)

� Black pad is formed during the Im gold process as a result of 
hyperactive corrosion reaction of the nickel surface

� There are two approach two reduce this 

1. increase corrosion resistance of nickel by depositing phosphorus, 

2. reduce aggressiveness of Im gold

� generally first approach is used in the industry

� So if you have less phosphorus, black pad can occur and if you have 
more phosphorus it adversely affect solderability.

ENIG



ENIG: Issues

Over Plate

Image Courtesy: K. Johal, Atotech
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ImAg: Immersion Silver
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ImAg: Process
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Thickness = 3 – 12 micro-inches



ImAg: Soldering
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ImAg: Pros & Cons

ImAg



ImAg Issues

� Tarnish

� May impact solderability

� Solderless connections appear very tolerant of tarnish

� Thicker Ag less prone to tarnish

� Ag Migration

� In the presence of temperature and moisture, Ag will migrate from cathode to anode

� Organic co-deposit appears to eliminate this issue

� Premature Intermetallic Failure

� Thick Ag means more organic co-deposit

� Organic co-deposit must be forced out of molten solder

� Non-expulsion of organics can result in microvoids along board/solder intermetallic

ImAg



ImAg: Issues

Courtesy: Dave Hillman, Rockwell Collins. SMTA March 2008
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ImAg: Creep corrosion

ImAg



ImAg: Planar micro voids

ImAg



ImSn: Immersion Tin 

PCB

Solder Mask

Copper Pad
ImSn

ImSn



ImSn: Process
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ImSn: Pros & Cons

ImSn



ImSn: Pros & Cons

2

picture source: NASA

1

picture source: SMARTGroup

1. Tin Pest
2. Tin Whisker
3. Conventional ImSn (whisker growth)
4. ImSn with additive (no whisker growth)
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Other surface finishes

� ENEPIG – Electroless Nickel/Electroless
Palladium/Immersion Gold, outperforms ENIG

� OMN – Organic Metal Nano finish*; alternative 
to OSP 

� Selective ENIG/OSP

� DIG – Direct Immersion Gold over copper



Summary



Questions?

THANK YOU!



Closing Slide

� Liyakathali.K

� Asst Technical Manger, Tech Support – India 

� E-mail: LKoorithodi@indium.com

� Mobile: +91 99406 84038

� Indium Corporation

Asia Pacific Operations

Singapore


