
Soldering defects on 

immersion tin and the impact 

of the tin-oxide layer 
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Introduction
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Immersion Sn Soldering Challenges

● Soldering problems can happen 

in the process

● On top of the tin layer an oxide 

layer is naturally formed

● The quality and thickness of the 

oxide layer can influence the 

solderabilty

● Immersion tin is a final finish 

which is widely used in the printed 

circuit board (PCB) industry

● It provides a cost competitive 

surface protection with excellent 

corrosion resistance

● It is Pb-free final finishing, 

capable of multiple reflow 

soldering at lower metal thickness
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Introduction
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Non-wetting

Caused by a physical barrier 

between the surfaces to be 

joined

Dewetting

molten solder has coated 

and then receded, maybe 

caused by inadequate 

cleaning or inhomogeneous 

oxidation

Self Dewetting appears 

when oxide layer is 

damaged and cracks during 

2nd reflow

Root causes:  1) residues on Copper

2) contamination on Tin

3) evaporation of Volatiles from the solder mask
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FIB of an as received 

Cu6Sn5

Sn

Cu

FIB after 1x reflow FIB after 2x reflow

Potential defect: 

Sn-Oxide layer breaks and liquid 

tin penetrates to the surface
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Failure modes soldering immersion tin
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● Content
- Molten areas show high 

fluorescence

- Clear correlation between shape 

of melting and fluorescence 

residues

- UV-treatment: reduces 

risk of 

evaporation/recondensati

on of SM products

- Air-atmosphere: creates 

thicker oxide layer

1) Residues on Copper 3) Evaporation of Volatiles 

from the solder mask
2) Contamination on Tin

- Molten areas show high 

fluorescence

- Clear correlation between 

shape of melting and 

fluorescence residues

- Residues on Cu surface 

impact soldering 

performance  
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Tin Oxide Formation Impact
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Diffuse reflection

Total reflection

White and bright color of Tin

- light is recognized by detector

Tin in scanned image appears dark 

-light is not being recognized by detector

Not Shiny / Molten Tin

100% Shiny / Molten Tin

Cross section of normal tin surface as received

Surface roughness SQ>250nm

Cross section of shiny tin surface 1xRF (LF,O2<1000ppm)

Very flat surface SQ<100nm

Shiny Tin – 1xRF (LF, O2<1000ppm)

To prevent dark and shiny tin appearance after reflow oxide 

layer should be strong and even
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Solder

Tin Oxide Layer Impact
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SnOxide Layer

on top of liquid Sn

Shiny liquid tin w/o SnOxide-Layer

Solder dot 

before reflow

Solder starts to 

melt, but flux 

didn’t penetrate 

the Sn Oxide yet

• Flux starts to 

penetrate the Sn 

Oxide and solder 

become more liquid

Copper

Immersion tin

Sn-Oxide layer

Sn-Oxide layer

Heat

Heat locally 

applied in one 

direction

Heat

Heat

Heat

Solder

Copper

Immersion tin

Liquid solder

Heat

Heat locally 

applied in one 

direction

Solder

Copper

Immersion tin

Flux penetrates the 

SnOxide layer and 

solder and Sn 

become liquid

Heat
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Oxide layer formation
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● Impacting factors on oxide formation – measured by 

SERA and confirmed by TEM

• Vacuum packing inhibits oxide formation

• Low impact of drying temperature
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Oxide layer and shiny tin
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● Increased oxide layer thickness leads prevents self de-wetting and discoloration

Tin 

PostDip 

2020

1x reflow 
(LF, 

O2<1000pp

m)

Dark, shiny tin

SnOxide < 1.0nm

White and bright Tin

SnOxide > 2.0 nm

Solution 

level

PostDip Reflow Air Reflow N2

Yes

No

IMAPS 20th Device Packaging Conference | March 18-21, 2024 | Fountain Hills, Arizona

1110



Oxide layer formation
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● Chemical treatment of Sn layer to increase oxide layer thickness

• Chemical post treatment 

with dedicated post-dip 

can significantly increase 

oxide layer thickness

• Increased temperature and 

dwell time further 

promotes oxide growths 
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Oxide layer vs. solder wetting

17

• Impact Post-treatment on solder wetting

Oxide formation has no negative impact on solder wetting performance
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Summary and conclusion

19

Potential root causes for weak Sn-Oxide layer formation:

• Solder mask
‒ Volatiles from S/M can cause cracks in Sn-Oxide layer during reflow

• Short time between plating and packaging
‒ Closed Sn-Oxide layer formed after 2-7 days

• Manual handling
‒ Mechanical cracks

• MBB vacuum packaging
‒ No/low Oxide formation in vacuum package

• Reflow soldering under N2-atmosphere
‒ Slow oxide formation in N2-atmosphere
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Summary and conclusion
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Weak oxide layer and contaminations increase the  risk 

for self de-wetting

Temperature/time have low impact, Vacuum packing 

inhibits oxide layer formation

Chemical post-treatment enhances oxide formation and 

prevents shiny tin, consequently, risk of self de-wetting
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Thank you!

Britta Schafsteller, 

Bernhard Schachtner, 

Kenneth Lee, 

Hubertus Mertens, 

Gustavo Ramos
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