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⚫Induced by the unevenly distribution of copper circuits, multi-
materialled components

⚫Causes:
➢Solder opens 
➢Stress concentration
➢Shorter fatigue life

PCBA Warpage Problems Induced by 
Thermal Mismatch during Temperature Change
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Chip 
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PCB Stack-Up



Difficulties with Multi-scaled Problems
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• Circuit traces are too tiny
• Impossible to directly model the circuit traces 

• The scale of circuit traces is much smaller than that of PCB boards

• Solid element models will be too big for simulation

• Non-even distribution of circuit traces 
• Composite material properties are different at different locations



Trace Mapping
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Ratio of copper area



Trace Mapping
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Area ratio of copper



Trace Mapping
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Area ratio of copper

Regular Mapping Irregular Mapping



Equivalent Young’s Modulus & CTE
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• Effective material property IJK for element IJ on layer K is then 
computed as:

• (1) IJK = ( / 100 ) * metal + ( 1 -  / 100) * ep for  copper layers

• (2) IJK = dielectric for  dielectric layers

• Where  is:

• Co-efficient of thermal expansion

• Young’s modulus of elasticity



Equivalent Young’s Modulus
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y = -4.1835x3 + 11.212x2 - 7.5072x + 1.4824
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Panel arrangement



PCB Analysis : Module & Panel



PCBA (PCB+Chips) for SMT Process
ANSYS 14.0    
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Auto-modeling
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PCB+PCBA Warpage:

PCB Module

PCBA
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Full model Equivalent model

Max. Displacement 97.0 µm 103.3 µm



Verification case: 

169 m

Simulation 
(µm)

Experiment 
(µm)

Maximum 
Warpage

169 140



Web-based Simulation Platform



Conclusions

• PCB or PCBA simulation is a multi-scaled problem

• With the proposed effective modeling method, the PCB/PCBA 
warpage simulation becomes feasible with a reasonable 
computing resources

• The simulation of the PCB/PCBA manufacturing process based 
on the effective modeling method becomes easy to 
implement
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