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Lecture 
Topics

• Material properties

• Metals
– Wirebond

– Leadframe

• Adhesion
– Solder

• Diffusion
– Die attach

• Ceramics
– LTCC

• FR4 (epoxy/glass laminate)
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Mechanical Properties
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Metal (bond wire) and Molding Materials
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Adhesion

5/14/2012 7ECE414/514 Electronics 
Packaging Spring 2012

Consider 2 materials as shown, with 
surface tensions (cohesive forces) γ1 and γ2 

and interfacial tension γ12.  
Then the work of adhesion Wa =  γ1 + γ2 – γ12

Consider molecule X in the surface layer of top material 1. 
It is attracted upwards by force  γ1 and down by force  γ12

γ12 is made up of: 
dispersion forces γd , 

(due to polarization of the molecule below,) and 
polar forces γp

(due to dipole interactions.) 

γ12 =  γ1 +  γ2 – 2[( γ1
d γ2

d )1/2 + ( γ1
p γ2

p )1/2] 

Wa = 2[( γ1
d γ2

d )1/2 + ( γ1
p γ2

p )1/2 ] 
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Contact Angle:
γ12 = γ2 – γ1 cosθ
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γ1

Typically
γp « γd , and γCu

d ~ γMC
d , so Wa ~ 2γd
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Oxidation: γp increases (polarization effects)
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Wa = 2[( γ1
d γ2

d )1/2 + ( γ1
p γ2

p )1/2 ]
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Solder

• Phase diagrams

• Lever Rule 

• Eutectic solder

• Diffusion
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Proportions 
and 

compositions 
of liquid and 
solid solution
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Lever Rule

Ml / Mtot = s / (s + l) 

Ms / Mtot = l / (s + l)
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Solid solutions
α phase of A
β phase of B

Crystallite mixture 
α + β
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Sn – Pb Phase Diagram
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Note: Atomic % vs Weight %
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Cooling
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Eutectic 
Cooling
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Off-eutectic composition
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Intermetallic Diffusion
Brittle IMCs (alloys)
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Bump Metallurgy

(Al/solder)
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Purple Plague (AuAl2)
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Diffusion
Fick’s first law
J = -D ∂cx/∂x

Fick’s second law
∂cx/∂t = ∂(D ∂cx/∂x)/∂x

≈ D ∂2cx/∂x2
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Solution (constant source):

cx = c0 + (cs – c0) [1-erf{x/2√Dt)]
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D=D0exp-Q/kT
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Note Cu in Al
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Grain growth
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Moisture diffusion
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Die Attach
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Ceramics
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LTCC
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Stencil/screen printing
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LTCC Processing
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3D LTCC packaging
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Ceramic materials properties
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Dielectric loss
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FR4

FR4

5/14/2012 60ECE414/514 Electronics 
Packaging Spring 2012



31

5/14/2012 61ECE414/514 Electronics 
Packaging Spring 2012

Lead-free Solder

• See Dally 7.5.3

• Environmental issues, legislation

• Binary alloys SnAg

• Ternary alloys

• Sn-Ag-Cu (SAC)

• NEMI standard and others

• iNEMI 95.5Sn3.9Ag0.6Cu
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