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Heterogeneously Integrated 
(HI) Electronics Systems
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Heterogeneously Integrated (HI) Electronics 
Systems

 Connecting multiple chiplets from 
different manufacturing processes key 
to improving microsystem functionality

 High-density interconnects needed for 
performance with variety of chips, 
components, and operating conditions

 Need methods to test interconnect 
viability both after manufacturing and 
after use

 Frequency-domain 
thermoreflectance (FDTR)

 Given complex microelectronic 
structure, use inverse methods to 
assess integrity of microbumps
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Sierra/SD, Rapid 
Optimization Library (ROL), 
and Inverse Methods
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Inverse Methods in Sierra Mechanics

 Inverse solution types via Sierra/SD linked to Rapid Optimization Library 
(ROL)
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PDE-Constrained Optimization7
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Discrete Equations for Inverse Problem8
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Optimization Procedure

 Optimality conditions
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 PDE and Objective



Frequency-Domain Material and Force 
Optimization

 Governing equation for time-harmonic temperature oscillations:
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 Thermal conductivity, heat capacity, 
heat flux:

 Discretized heat equation:  Discretized temperature field:



Verification and Inversion for 
Thermophysical Properties
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Verification: Sierra/SD vs COMSOL

 Cylinder with uniform material 
properties

 Gaussian heat flux applied to top 
surface

 Insulating condition applied to bottom 
and outer surfaces

 Agreement to within numerical 
precision
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Inverse Problem: Geometry13
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Inverse Problem: Results

 Flat objective function for much of 
parameter space

 Rapid convergence to objective as 
material properties in thin de-bond 
approach material properties of air

 Simple material identification: 
thousands of iterations to converge

 Damage identification: only a couple 
of iterations to converge
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Conclusions and Future Work

 Conclusions
◦ FDTR may be used to assess material bond integrity
◦ Sierra/SD can be used for massively parallel thermal simulations in 

frequency domain
◦ Inverse methods may be effective in determining unknown material 

properties in practical geometries

 Future Work
◦ Investigate different frequencies for heat flux applied to top surface
◦ Examine different thicknesses for top layer
◦ Use temperature phase data (instead of more ideal nodal temperature 

data) from top surface
◦ Try more complicated geometries (e.g., less symmetry, an array of 

interconnects, etc.)
◦ Try to detect partial de-bonds (i.e., heterogeneous properties in thin 

layers)
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