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Background

* High-voltage (2 10 kV) silicon carbide (SIC) devices increase the
power density and reduce the complexity of high-power systems.

* Applications: urban distribution, wind turbines, more-electric ships

* Objective: develop an optimized package for 10 kV SiC MOSFETSs
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15t-Gen. 10 kV, 120 A SIC MOSFET Module Testing
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Objective:
To develop a high-density, high-speed, 10 kV SiC MOSFET power module.

Challenges:

l.  High Density + High Voltage = High Electric Field
Il. Fast Switching = Voltage Overshoot, Current Imbalance, EMI

Ill. High Density + High Power = High Heat Flux Density
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Substrate Design: Electric Field Reduction
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Substrate Attach: Large-area Ag Sintering (250 °C, 5 MPa)
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Die Attach: Pressure-less Ag Sintering (230 °C for 90 min)
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Interconnect: Molybdenum Posts Instead of Wire Bonds
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Post Attach: Ag Sintering

Sintered molybdenum
posts to 10 kV MOSFET
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Top DBA Attach: Sn10/Pb88/Ag2 Solder Paste
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Wire-bond-less 10 kV SIC MOSFET Power Module
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Decoupling y
Capacitors A\

10 kV, 350 mQ SiC MOSFET Module Prototype
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* 4 nH I—power & I—gate
e 18 W/mm?3
* 0.38 KIW Ry,

Integrated
— Direct-Substrate,
Jet-Impingement Cooler
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Thermal Management

Spring connectors

Decoupling capacitors
Upper stacked substrate with vias

Sintered interconnect with Mo posts
Lower stacked substrate with screen and vias
Integrated jet-impingement cooler
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Double-Pulse Test Setup Lo o} §L
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Double-Pulse Test Setup
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Common-Mode Screen Analysis
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10 kV, 117 mQ SiC MOSFET Module Prototype
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Common-Mode Screen Waveforms
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Electric Field Reduction

Partial Discharge
Inception Voltage (rms)
Case Air Silicone Gel
Single DBA 1.7 kV 7.4 kV
St-acked DB.AS 1.7 kV 7.6 kV
(middle floating)
Stacked DBAs
(middle at half the 2.6 kV >10.5 kV
applied voltage)
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Electric Field Reduction at the Module Terminals
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Electric Field Reductilg)n OIat tlhe Module Terminals
Field-Grading Plate
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Summary and Future Work

e Summary

* 4 nH power- and gate-loop inductances
18 W/mm? power density (4 W/mm?3 with cooler)
0.38 K/W (26 mm?+K/W ) junction-to-ambient Ry,

13 ns switching at 5 kV

e 10x reduction in common-mode current
« >50 % higher partial discharge inception voltage

 Future Work

« Electromagnetic interference evaluation

« Wire bond module switching tests
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Comparison of Multi-chip 10 kV SIC MOSFET Modules
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4.4 nH = dx rower-"

e 8.6 nH J
L gate 8.7 nH 3.8 nH =2 2x lower
Cis 65 pF 45 pF 2 2x lower

Power : : : 18.1 W/mm?

Density 0.99 W/mm 4.2 \W/mm 7.0 W/mm - 4x higher
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