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Fibbed Surface As-Deposited Surface

Nano-indentation tested with 500µm dia and 1N load

more hillocks more whiskers



Summary of Indentation Stressed Sn Deposits

• Successfully grown whiskers by the 500 µm ball indenter
• The minimal stress conditions to grow whiskers were

– σrr < -10 MPa
– σθθ < - 2  MPa
– σzz <   0   MPa

• A further precise FEA was demanded
– Determine Sn electrodeposit mechanical properties: E, σ, and σu

– Determine the coefficient of friction
– Consider:

• dynamic creep phenomena
• stress gradient in the film
• mechanical strength of the surface layer
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Future Work for Sn Whiskers @ NIST
• Mitigation strategies - modify grain structure or other….
• Test method for whisker likelihood
• Do direct measurements of stress in Sn (lattice 

parameter) agree with deflection measurements/ model
• What causes nucleation/localization of flow 
• Mechanism of whisker curve/kink
• Artificial stimulation of whiskers
• Coupling of hillock formation and grain  boundary 

motion
• Cause of intrinsic plating stress
• Role of grain boundary sliding
• Surface grain structure and anisotropy of Sn
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