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Overview 

• Project start:  October 2010 
• Project end:  September 2013 
• Percent complete:  83% 

• Total project funding 
‒ DOE 100% 

• FY11:  $250k 
• FY12:  $150k 
• FY13:  $100k 

Timeline 

Budget 

Barriers* 

• OVT Advanced Power Electronics and Electric 
Motor (APEEM) Program – ORNL/NTRC 

• SolEpoxy (Epoxy molding compound, EMC, 
manufacturer) 

• Ube (powder manufacturer) 

Partners 

• Barriers Addressed 
‒ Reliability and lifetime of power electronic 

devices (PEDs) and motor components 
degrade rapidly with temperature increase. 

‒ PEDs and motor components need 
improved thermal management to operate 
at higher temperatures. 

‒ New paradigms in cooling would enable 
achievement of higher power densities 
without compromise to device reliability. 

• Targets: 
‒ DOE VTP* 2020 target: 105°C Coolant 
‒ DOE VTP* 2020 target: 4 kW/liter power 

density 

* VTP Multi-Year Program Plan 2011-2015 



3 

• Develop low-cost, high-performance epoxy molding 
compounds (EMCs) for automotive (AEV, HEV) power 
electronics and electric motors. 

• Reduce volume and improve thermal reliability of 
power electronics and electric motors via improved 
or new thermal management strategies. 

• Develop EMCs that have: 
– Sufficient low cost for automotive applications 
– Sustained dielectric performance 
– High thermal conductivity (≥ 5 W/mK) 
– No magnetic susceptibility 
– Use non-toxic and inexpensive filler 
– Equivalent potting and injection molding 

characteristics to existing EMCs 

Objectives 
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• FY12:  Model, design, and fabricate filler-containing-EMC 
having 10x thermal conductivity increase over monolithic 
epoxy.  Achieved:  3.0 W/mK compared to 0.2 W/mK. 

• FY13:  Fabricate a thermally conductive EMC structure 
with a Joule-heated, surrogate electronic device, 
measure its maximum temperature, and compare to the 
maximum temperature when a conventional EMC is used.  
30 Sep 2013 – On track.  

Milestones 
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ORNL’s mission 
Deliver scientific discoveries and technical breakthroughs that will accelerate 
the development and deployment of solutions in clean energy and global 
security, and in doing so create economic opportunity for the nation 

• Optimize filler particle size distribution and volume fraction. 

• Fabricate EMCs with organic matrices that allow transfer 
molding and potting. 

• Demonstrate thermal conductivity (κ) ≥ 5 W/mK. 

Technical Approach 

Candidate 
Filler 

Properties 

SOA 

FY12 
Focus 
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Technical Accomplishments (1 of 8) 

• Identified approximate filler particle size distribution (PSD) and 
volume fraction (Vol%) 

• Developed software to predict thermal diffusivity as a function 
of PSD and Vol% 

• Transient thermal model developed using PDS and Vol% 

• Modeled effect of higher κ on components 

• Thermal conductivity of 3 W/mK achieved with MgO-filled EMCs 
which is 2x higher than state-of-the-art EMCs 

• Invention disclosure submitted on hybrid-filled EMCs 

Overview of Year's Accomplishments: 
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Energy is the defining challenge  
of our time Technical Accomplishments (2 of 8) 

Software Was Developed to Create 2D Images of PSDs 
That in Turn Enables Thermal Conductivity Modeling 

• Particle size distribution (PSD) 
• Volume fraction 
• Percolation limit 
• Effects on thermal conductivity 

Measured PSDs (bimodal) 
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Technical Accomplishments (3 of 8) 

Transient Thermal Modeling Enables Estimation of EMC κ 

D = diffusivity 
κ = thermal conductivity 
ρ = density 
Cp = heat capacity 
T = thickness 
t50 = time to reach 50% max temp 

Temperature as a function of time 
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Technical Accomplishments (4 of 8) 

• Power electronic and 
electric motor 
component exteriors 
have low thermal 
conductivity 

• Strive to increase 
their thermal 
conductivity and 
enable additional 
approaches to 
thermal management 

• Improved cooling, 
performance, and 
reliability 

Electric 
Motor 

Component 
Film 

Capacitor 
Power 
Module 

IGBT 
Module 

IGBT 
Module 



10 

Technical Accomplishments (5 of 8) 

Motor Component FEA Example:  Effect of EMC κ 

κ = 0.5 W/mK κ = 1.0 W/mK κ = 3.0 W/mK 

κ = 5.0 W/mK κ = 10 W/mK κ = 20 W/mK 

Tmax = 186°C Tmax = 182°C Tmax = 168°C 

Tmax = 158°C Tmax = 144°C Tmax = 132°C 

10% temperature decrease with 3 W/mK for this example 



11 

Technical Accomplishments (6 of 8) 

Power Module FEA Example:  Effect of EMC κ 

κ = 0.5 W/mK κ = 1.0 W/mK κ = 3.0 W/mK 

κ = 5.0 W/mK κ = 10 W/mK κ = 20 W/mK 

Tmax = 170°C Tmax = 160°C Tmax = 141°C 

Tmax = 130°C Tmax = 115°C Tmax = 101°C 

17% temperature decrease with 3 W/mK for this example 
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Technical Accomplishments (7 of 8) 

Thermal Conductivity of 3 W/mK Achieved with MgO-EMCs 
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Technical Accomplishments (8 of 8) 

 Good processibility 
 

 High dielectric strength 
 

 High electrical 
resistance 
 

 Good thermal 
conductivity 

 
 Equivalent structural 

properties to SOA  
SiO2-EMCs 

MgO-EMCs: 
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Collaborations 

• SolEpoxy, Inc. (Olean, NY).  An established, renowned EMC 
manufacturer 

– Supplier to power electronic and motor component 
manufacturers 

– Fabricated this project's MgO-EMCs in FY12 

– Fabricating this project's hybrid-filled EMC blends in FY13. 

• Ube (Japan).  An establish MgO supplier 

• DOE EERE Office of Vehicle Technologies APEEM Program,     
J. Miller, ORNL/NTRC:  motor components 
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Future Work 

• Seeking EMC thermal conductivity to 5 W/mK via 
"hybrid" EMCs, which are a blend of MgO and a second 
filler with higher thermal conductivity 

• Continue to collaborate with SolEpoxy and VTP APEEM 
motor R&D to adapt MgO-EMC compositions to coating 
of stator components 

• Fabricate a thermally conductive EMC structure with a 
Joule-heated, surrogate electronic device, measure its 
maximum temperature, and compare to the maximum 
temperature when a conventional EMC is used  
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Summary 

• Relevance:  thermally-conductive EMCs will lower maximum operating 
temperature of automotive PEs and EMs and improve their reliability 

• Approach:  develop low-cost thermally-conductive MgO-EMCs 

• Collaborations:  a primary and established EMCs manufacturer and 
VTO APEEM power electronic and electric motor projects 

• Technical Accomplishments:   

− κ = 3 W/mK achieved inexpensively, and MgO-EMCs are processable, 
electrically resistive, and magnetically insusceptible.  2x higher κ than 
state-of-the-art SiO2-EMCs 

− Identified a cost-performance compromise must be struck to get to 5 W/mK. 

• Future work: 

− Demonstrate that a hybrid-filled EMC that blends (cheap) MgO with a (more 
expensive) high κ filler can produce κ = 5 W/mK. 

− Implement MgO-EMCs compositions in electric motor stator coatings for 
R&D in the VTO APEEM Program. 
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