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ORNL Power Electronics Packaging Program
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Automotive Power Module Qualification
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Automotive Power Module Reliability Requirement
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Automotive Power Module Cost Estimation
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Power Semiconductor Cost Analysis

Semiconductor: Major Cost of Power
Module;

Counted by Die Area;

Dependent on Device Structure

Increase Semiconductor Wafer Size
(from 6” to 8”);

\ Barrier: Mechanical Support of Thin
Wafer (70um/kV)

Cost= Die size (S) * $/unit area From Si to SiC, GaN, etc.
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Interaction of Power Module Parameters
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Automotive Power Module: Comprehensive Design
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Temperature Profile Under US06 Drive Cycle
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An Inverter Delta Tj Profile Under US06 Drive Cycle
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Packaging Paradigm Shift and Challenges
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Nano Electrical and Thermal materials bonding, deposition, Ceramic spray,
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ORNL Advanced Power Module Packaging Lab
Facility Layout
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Evaluation of Advanced Automotive Module Packaging
Technologies
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Microstructure and Mechanics Analysis of Packaging
Constitution
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Packaging Electrical Parasitic Parameters Extraction

Positive 10.6 nH 8.5 nH
0.41 mQ 0.37 mQ
35.6 nH
13 mQ
12.9 nH 18.3 nH
0.80 mQ 0.87 mQ
10 6 nH 8.5nH  Neutral
o 41 mQ 0.37 mQ
35 6 nH
13 mQ 129nH 18.3 nH
o 80 mQ 0.87 mQ
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L=50.3nH R=2.35mQ

Prius 2010
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Thermal Resistance Simulation In Power Module
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Integrated Cooling Power Module
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An Integrated Phase Leg Packaging Design
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ORNL Advanced Power Device Packaging Structure
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High Temperature Limit of Si Switch
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High Temperature Packaging: Material CTE

Viatching
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High Temperature Packaging: Structure Optimization
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Copper peeled off

Original DBC failed after 20 cycles

Time

Cycle profile: -55°C to 250°C, 45mins per cycle

Sample Lifetime 5 Tuice |
Original AIN DBC 20 cycles NE% ‘ E:_ /
Original Al,0, DBC 30 cycles PERRHRT:
Stepped edge AIN DBC 60 cycles : / /tﬁi‘f@{;’;
Stepped edge Al,O, DBC 180 cycles Caritredwdin egony s poljiFie
Sealed regular Al, O, DBC 45 cycles
Sealed regular AIN DBC 100 cycles ‘

Sealed Stepped edge Al,O, DBC | 1200 cycles

Failed after 1300 cycles
Sealed Stepped edge AIN DBC | 1300 cycles

/-/' Lifetime 70X
12

Pugi Ning, Ph. D dissertation, Virginia Tech, 2010
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High Temperature Packaging: Die Attachment
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Si IGBT (1200V): High Temperature Operation
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High Power Density Integrated Traction Drive
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Summary

> Developing power electronics packaging is a vital
effort to meet DOE VTP targets in products’
performance improvement and cost reduction.

» Advancing packaging technology with materials
development, structure optimization and processing
innovation.

» Improving cost-effectiveness, efficiency and reliability
of power electronics modules by improved electrical
performance, reliable high temperature operation,
efficient thermal management, highly functional
integration and power density.
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