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Advanced Power Electronics and Electric Motors (APEEM) 

Research Targets, Challenges, and Research Areas

Power Electronics

($/kW) (kW/kg) (kW/l)

7.9 10.8 8.7

5 12 12

3.3 14.1 13.4

Motors

($/kW) (kW/kg) (kW/l)

11.1 1.2 3.7

7 1.3 5

4.7 1.6 5.7

Traction Drive System

($/kW) (kW/kg) (kW/l) Efficiency

19 1.06 2.6 >90%

12 1.2 3.5 >93%

8 1.4 4 >94%

Research Areas

Power 
Electronics

Traction Drive 
System

PEEM Thermal 
Management

ωInnovative topologies
ωTemperature-tolerant devices
ωPackaging
ωCapacitors
ωVehicle charging

Electric 
Machines

ωPermanent magnet (PM) motors
ωMagnetic materials
ωHigh-performance non-PM motors
ωNew materials

ωThermal system integration
ωHeat transfer technologies
ωThermal stress and reliability

ωBenchmarking technologies
ωInnovative system designs

Challenges

Year

2010

2015

2020

Reduce Dependence on Oil
Via Electrification of Vehicle Drives

Requirements:  55 kW peak for 18 sec; 30 kW continuous; 15-year life

Technical Targets
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NREL APEEM Research Focus Areas

Achieve technology 
integration at a lower 
system cost

Enable increased power 
density at lower cost

Improve reliability of 
new technologies

Credit: Mark Mihalic, NREL

Credit: Ken Kelly, NREL

4

CreditΥ aƛŎƘŀŜƭ hΩYŜŜŦŜΣ NREL



NATIONAL RENEWABLE ENERGY LABORATORY

Background
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ω Power electronics are essential in an electric 
vehicle drive train for controlling the output of 
the electric motor

ω Excessive temperature (>150ÁC for silicon [Si] 
devices) can degrade the performance, life, and 
reliability of power electronics components

ω Interfaces in the package can pose a major 
bottleneck to heat removal

ω Conventional thermal interface materials (TIMs) 
do not meet thermal performance and reliability 
targetsτthe industry trend is towards bonded 
interface materials (BIMs)

ω Bonded interfaces, such as solder, degrade at 
higher temperatures and are prone to 
thermomechanical failure under large 
temperature cycling.

Credit: Mark Mihalic, NREL
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Objectives

Å Overall Objective

ï Investigate thermal performance and reliability of novel bonded interface 

materials (such as sintered silver and thermoplastics with embedded carbon 

fibers) for power electronics applications to meet the following specific 

objectives:

o Thermal resistance of 5 mm2K/W

o Thermal resistance maintenance of 5 mm2K/W after 2,000 thermal cycles 

from -40ÁC to 150ÁC.

Å Benefits

ï High-performance, reliable, low-cost bonded interfaces enable:

o Compact, light-weight, low-cost packaging

o High-temperature coolant and/or air cooling.
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Failure Mechanisms

Cohesive Fracture Adhesive FractureVoids

Bonded Interface Materials

Direct-Bond-Copper (DBC)

Copper (Cu) to AlN DelaminationAluminum Nitride (AlN) Cracks

Credit: G.Q. Lu, Virginia Tech

Credit: Doug DeVoto, NREL (all remaining photos)
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NREL Reliability Capabilities

Non-Destructive Imaging

(C-mode scanning acoustic 

microscope [C-SAM])

0 Cycles

40 Cycles

Ceramic Electrical 

Failure (High-potential 

[hi-pot] tester)

Thermal Cycling

Thermal Resistance

(ASTM stand)

Sample Deformation

(Laser profilometer)

Finite Element Analysis 

(FEA) Modeling

Credit: Doug DeVoto, NREL (all photos)

Sample Synthesis

(Hot press)
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