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Wire bonding
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Wire bonding is a critical step in 
the chip packaging process 
since it can damage pads 

inducing cracks in dielectric 
layers.

A robust numerical model is a 
key factor to anticipate 
manufacturing risks.
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Model hypothesis and set up: 
The simplified model

Hyperelastic description 
more robust with high 
mesh deformations 

(important with USV)

Experimental curves 
imposed on the capillary

Robust penalty method is 
used. Mesh is refined in 

contact regions.

No USV With USV



Material properties of the FAB are not available and 
not easily to obtain experimentally.

Experimental TD (touch down, displacement) and 
force on the capillary are available.

The constitutive law is captured correctly when both 
experimental displacement and force are matched. 
Material properties are scanned parametrically until 

this condition is reached. 

Defining material properties with simulations

This approach is valid not only for 
solid mechanics

Final displacement for 3 different forces is recorded in the experiments. 
Displacement controlled simulations. 𝐸𝐸 is the Young’s modulus, 𝜎𝜎𝑦𝑦𝑦𝑦𝑦 is 

the Initial yield stress and 𝐸𝐸𝑇𝑇𝑇𝑇𝑦𝑦𝑇𝑇 the isotropic tangent modulus
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A two segments bond is 
simulated.

Force matching is good, 
this proves the correctness 

of the approach for 
identifying material 

properties.  

Displacement controlled simulations

The force drops to zero when the capillary is 
lifted from the plasticized ball. 

Plastic 
Strain 

Von Mises 
Stress (MPa) 

First segment Second segment



Force controlled simulations

With the same material data that properly match the 
force imposing the TD, underestimation of the TD is 

observed imposing the force. 

Gap

Both strategies should provide 
the same results, but this is true 
only if the physics of the system 

is fully understood*.

*capillary kinematics, material damping…. are unknow Final deformation for two segments simulation
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Force controlled calibration

Force and Displacement calibration produce 
slightly different optimal material parameters.

Gap

Force is 
overestimated
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We have seen that, with respect to matching experimental data, either force and displacement 
controlled provide good (even if different) results. 

Displacement vs Force controlled simulations

• Easier to constrain in static 
simulations

• Numerically more robust (default 
Double Dogleg non-linear solver) 

Displacement controlledu

• Strategies for a well 
posed\constrained numerical model 
are needed (spring foundations or 
other*)

• Non-linear solver is changed from 
the default to the more ‘cautious’ 
constant Newton, with 0.1 as 
damping factor. 

Force controlledF

More robust and faster. Should be preferred 
when possible. 

*In 2D axi, a constraint is 
missing in the vertical direction if 

the force is imposed. An initial 
interference between ball and 
capillary is used to resolve this 

at t=0. 

Ball Capillary



- model ball-pad adhesion 

- when acoustic softening is 
present,  control the horizontal 
capillary displacement 
imposing a force, allowing for 
oscillation amplitude damping 
due to weld formation.

- Numerical simulations, 
combined with experimental 
data, can be used to infer 
material properties 

- Displacement controlled and 
force controlled capillary 
movement produce slightly 
different results since kinematic 
of the piezoelectric actuator is 
unknown. 

- Displacement is, as expected, 
to be preferred as more robust 
numerical input with respect to 
force.

Conclusion Future enhancements
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Example of a 3D 
transient simulation



• 2D axisymmetric 
• transient analysis provided better match in the two segments 

transition zone but it is of course much slower 
• can be used as a first screening test for material properties 

characterization even in presence of USV, since most of the 
phenomenon is the softening of the material (lateral translation 
affects more ball\pad interface)

• The Ludwik model describes better the stress-strain behavior 
with USV (high deformation)

• 3D are the goal since different pad structure are to 
be analyzed 
• Harder to constrain than 2D axisymmetric
• Much slower (from tens of minutes to hours of computation)
• Quadratic elements are paramount to be able to describe the 

shape of the ball at high TD

• …..

Further points of discussion

Find more details in our paper

No temperature gradients because only the FAB is non rigid 
and the stress\strain curve is at that temperature
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