
4th International Symposium on Tin Whiskers
College Park, MD (June 23-24, 2010) 

Tin Reflow for Tin Whisker Mitigation

Dr. George J.S. Chou and Dr. Robert D. Hilty
Interconnection & Process Technology

Tyco Electronics

Harrisburg, PA



June 24, 2010page 2 /

Background

Nickel Under Layer
• A key practice for tin whisker mitigation
• Formation of nickel-tin IMC � tensile stress in tin
• Compress stress in tin  � key factor for tin whiskering
• Diffusion barrier for constituents in copper base metal to 

form undesirable IMC in tin

Tin Reflow
• One of recommended tin whisker mitigation practices
• Relieve internal stresses of tin layer from plating process
• Large re-solidified grains
• IMC formation of tin with nickel or copper
• Reflow, nickel layer, IMC � tin whisker?
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Experimental

Reel-to-Reel Fast Tin Reflow Technology
• Patent pending, in-situ with plating line, small footprint, tin 

reflowed in seconds

Reel-to-Reel Tin Reflow DOE with Nickel Under Layer
• Low stress MSA matte tin plating bath
• 1.25 mm nickel
• 4 different tin plating thicknesses (0.5 – 5 mm)
• Tin reflow at 240 and 260 oC
• 4 line speeds for different exposure times at reflow
• Full factorial DOE with duplicate runs
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Experimental (Continued)

Samples of Tin Directly on Copper Substrates
• Beaker plating of 3 mm tin � tin reflow at 260 oC
• Low stress MSA bright and matte tin plating baths
• No nickel under layer
• Brass (C260) and phos. bronze (C511) copper substrates

Tin Whisker Testing
• Test conditions: 60 oC and 85% R.H.
• 36 reel-to-reel strip samples with nickel under layer in as-

plated and reflowed at 240 oC
• 14 beaker plated samples in as-plated and 260 oC reflowed
• Samples examined every 500-1,000 hours
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Experimental (Continued)

Characterization
• SEM, EDS, FIB
• Tin stripped to depict IMC after aging at room 

temperature, temperature/humidity, dry heat exposure 
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Tin Whisker Test Samples

• Production reel-to-reel 
plating

• With and without post-
bend

• Beaker tin plating
• Brass (C260) and phos. 

bronze (C511) substrates

With nickel layer

No nickel layer
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Tin Whisker Test Results

No

No

Yes

Yes

Nickel Layer

Whiskers observed

(~2,000 hours)

4 as-plated bright and matte tin on 

brass and phos. bronze coupons

No whiskers

(5,000 hours)

8 reflowed bright and matte tin on 

brass and phos. Bronze coupons

No whiskers (5,000 hrs.)

Tiny nodules on thick tin 

(5,500 hrs.)

32 reel-to-reel tin reflowed DOE strip 

samples

No whiskers (5,000 hrs.)

Tiny nodules on thick tin 

(5,500 hrs.)

4 as-plated reel-to-reel DOE strip 

samples with different tin thicknesses

Tin Whisker Test ResultsSamples
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Reel-to-Reel Tin Samples

As-plated matte tin
Grain size: 2 - 5 mm

Reflowed tin
No clear grains
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Analysis on Reel-to-Reel Reflowed Tin

Large grains shown by EBSD

Tin Pooling
(controlled by exposure time at reflow)
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As-Plated Bright Tin on Brass C260

After 5,000 hours tin whisker testing

Brass
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As-Plated Matte Tin on Brass C260

After 5,000 hours tin whisker testing

Brass
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Reflowed Bright Tin on Phos. Bronze C511

• Bright tin on phos. bronze
• 5,000 hours in tin whisker testing
• No tin whiskers
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Reflowed Matte Tin on Brass

Matte tin on brass
(After 5,000 hours tin whisker testing)

FIB cross-section of tin coating 
(After 5,000 hours tin whisker testing)

(Copper diffused through tin layer)

Pt.

Brass
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Heat Exposed Bright Tin on Phos. Bronze C511

Exposed to reflow temperature but not reflowed
(After 5,000 hours tin whisker testing)

Pt.

Bronze
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As-Plated Reel-to-Reel Matte Tin on Nickel

After 5,500 hours in tin whisker testing
Tin layer thickness: 5 mm
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Reel-to-Reel Reflowed Tin on Nickel

After 5,500 hours in tin whisker testing
As-plated tin thickness: 5 mm
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IMC (11 Months Room Temperature Age)

As-plated matte tin
(NiSn3 IMC)

Matte tin reflowed at 240 oC
(Ni3Sn4 IMC)
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IMC (19 Months Room Temperature Age)

19 months storage at room temperature
(NiSn3 IMC)

Matte tin reflowed at 260 oC
+ 19 months at room temperature

(Ni3Sn4 IMC)
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As-Plated Matte Tin + Temperature/Humidity

11 months storage at room temperature
(NiSn3 IMC)

10 months at room temperature
+ 300 hours at 60 oC & 85% R.H.
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As-Plated Matte Tin + Dry Heat at 100 oC

11 months storage at room temperature
(NiSn3 IMC)

10 months at room temperature 
+ 300 hours heat age at 100 oC
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Matte Tin Reflowed at 240 oC
+ Temperature/Humidity

11 months storage at room temperature
(Ni3Sn4 IMC)

10 months at room temperature
+ 300 hours at 60 oC & 85% R.H.
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Matte Tin Reflowed at 240 oC
+ Dry Heat at 100 oC

11 months storage at room temperature
(Ni3Sn4 IMC)

10 months room temperature age
+ 300 hours heat age at 100 oC
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Summary

• Tin whiskers were observed on as-plated bright and matte 
tin samples directly on copper substrates around 2,000 
hours in whisker testing

• Around 5,000 hours in whisker testing, no whiskers were 
observed for as-plated and reflowed samples with nickel 
under layer and reflowed samples without nickel layer

• Tiny tin nodules were observed on as-plated and reflowed 
sample of 5 mm tin and nickel under layer after 5,500 hours 
in tin whisker testing

• Tin reflow results in very large tin grains (some in hundreds 
of micro-meters) and pooling which is controlled by 
exposure time at reflow
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Summary (Continues)

• Tin-nickel IMC’s of very distinct shapes in plate and nodule 
are observed on as-plated and reflowed tin samples with 
nickel under layer followed by aging at room temperature, 
60 oC and humidity in whisker testing, and 100 oC

• Fine plates of tin-nickel IMC close to tin-nickel interface 
formed during aging at room temperature for months are 
dissolved to form nodule shape IMC when heat age at 
higher temperature 100 oC

• Heat age at 60 oC in tin whisker testing has no effect on 
the existing IMC’s in as-plated and reflowed samples aged 
at room temperature
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Future Work

• Evaluate tin reflow on tin whiskering from using high stress 
and high risk tin plating bath

• Study more in-depth on tin-nickel IMC’s formation at 
different stages of heat aging at different temperatures and 
evaluate if any relationship between IMC’s and tin 
whiskering

• More testing in mechanical stressed applications (e.g. 
press-fit) using tin reflow technology


