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 Motivation for SiC Devices

 SiC MOSFET – Market Status

 High-Volume 150mm Process

 Performance / Ruggedness Validation

 Application Support

Outline
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Device Perfection

 Ideal Switch
– Zero leakage in off-state

– Zero voltage in on-state

– Zero switching loss

Voltage

C
u

rr
e
n

t

Switch Off

Switch On

Breakdown Voltage

Silicon

WBG (SiC, 

GaN)

UWBG (AlN, 

Diamond)

Lower Ron * Area, closer to ideal switch

S
p

e
c

if
ic

 O
n

-r
e

s
is

ta
n

c
e
 (

R
o

n
 *

 A
re

a
)



4Littelfuse, Inc.Littelfuse, Inc. 4

Reality: Ideal Switch Is Not Enough

Cost Manufacturability
Yield, Process Margin

Ruggedness
Short-circuit, 

Avalanche, Surge, ESD

Performance
Breakdown Voltage, On-

resistance, Switching Loss

Long-term Reliability
Voltage, Temperature, Moisture, 

Mechanical
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 Compatible material, 

similar process steps

 Handling challenges: 

semi-transparent 

wafer

 High temperature 

implantation – different 

species

 High temperature 

activation

Manufacturing of SiC MOSFET in High-Volume 
150mm CMOS Fab

Concurrent manufacturing of Si and SiC –
reuse established CMOS processes – minimize 

special tools.
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Graph Builder
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Graph Builder

Breakdown Voltage @ 250uA (VGS=0V)
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Passed High 

Temperature Reverse 

Bias at 175C, VGS=0V, 

VDS=960V.

Long-Term Reliability at 175 °C

HTGB at VGS=+25V

Leakage Current at 

VDS=1200V

HTGB at VGS =-10V

Breakdown Voltage

Passed High 
Temperature Gate Bias 

at 175C,    
VGS=-10V and at 

VGS=+25V.
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Device Ruggedness

Avalanche Test Circuit

Short-circuit Test Circuit
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Device Ruggedness (Cont.)

Avalanche Test 

Waveforms

Short-circuit 

Test Waveforms

VBR≈1.7kV

Ipk≈20AVGS=20V

Results indicate 

withstand:

• EAV ≈ 1J

Results indicate 

device surviving:

• VBus ≈ 600V

• TOn = 5μsec

VBus≈600V
VGS=20V

Ipk>250A
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Power Semiconductors – Need More than Just 
Semiconductors

Customers

Application 
Support

Packaging Technology

Semiconductor Technology
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 On-resistance ratings ranging from 10 mOhms to 1.5 Ohms

 Through Hole = 68%; Surface Mount = 25%; Chasis Mount = 7%

 Charts based on DigiKey discrete SiC MOSFET availability (131 total). Obsolete devices included.

Commercially Available SiC MOSFETs

<650V, 3

650V, 21

700V, 7

900V, 17

1000V, 5
1200V, 

60

1700V, 
18

Voltage Rating

D2PAK, 
23

D3PAK, 
8

TO-247, 
81

SOT-
227, 8

Others, 11

Packaging
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 Current Ratings ranginf from 50 mA to 216 A

 Surface Mount = 49%; Through Hole = 51%

 Charts based on DigiKey discrete SiC Schottky Diode availability (828 total).Obsolete devices included.

Commercially Available SiC Schottky Diodes

<650V, 
150

650V, 
402

700V, 3

1200V, 
254

1700+V, 
19

Voltage Rating

TO-220, 
302

TO-247, 
104

DPAK, 
176

D2PAK, 
173

Others, 73

Packaging
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Possible Future Package Options

TO-3PF

TO247 HV

SMPD

ISOPLUS i4ISO247

Half bridge Half bridge + 

NTC/ RTD

Boost

Dual boostBoost + Bypass

Dual Full bridge

Full bridge

SOT227
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Power Semiconductors – Need More than Just 
Semiconductors

Customers

Application 
Support

Packaging Technology

Semiconductor Technology
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Extended Application Support

Application 

Support 

Materials

App. Notes

Operation Videos

Design Tools

Design Files

Simulation Model

Hardware
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Dynamic Characterization (Cont.)

Auxiliary 
Power Supply

Energy Storage 
Capacitors

Testing Board

Temp. Measure

Function Generator
Temperature Control

Oscilloscope

DC Voltage 
Monitor
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Dynamic Characterization

 Switching energy
– External gate 

resistance

– Current

– Temperature

 Switching times

 Gate charge Robust at dV/dt >70V/ns
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Application Support Hardware

Characterization Driving Solutions

System Evaluation Practical 
Applications

Driving Solutions

 Economic version gate driver 

(EGD)

 Standard version gate driver 

(SGD)

Demo Converters

 Different optimized design 

targets for different applications

Characterization

 Dynamic Characterization 

Platform (DCP)

Reference Power Stage (GDEV)

 Plug-in and play phase leg with 

full driving and thermal 

solutions

Littelfuse SiC Technical Support Center
https://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide.aspx

https://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide.aspx
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Dynamic Characterization Platform (DCP)

http://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide/sic-applications-support/dynamic-characterization-platform.aspx
http://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide/sic-applications-support/dynamic-characterization-platform.aspx
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Gate Driver Evaluation Platform (GDEV)

Gate 
Driver 
Board

Gate 
Driver 
Board

DC+

OUT

DC-

+12V

PWM& 
Protection

PWM& 
Protection

+24V

ACPL-332

ISO5852S

TLP5214

SI8285

ADUM4135

GDEV

platform

IXDN609

• High current gate driver with IXDN609/614 driver IC from Littelfuse for 

switching loss minimization

• Other drivers can also be evaluated per customer’s request 

http://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide/sic-applications-support/gate-drive-evaluation-platform.aspx
http://www.ixysic.com/home/pdfs.nsf/www/IXD_609.pdf/$file/IXD_609.pdf
http://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide/sic-applications-support/gate-drive-evaluation-platform.aspx
http://www.littelfuse.com/technical-resources/technical-centers/silicon-carbide/sic-applications-support/gate-drive-evaluation-platform.aspx
http://ixapps.ixys.com/DataSheet/IXD_614_R00H.pdf
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Converter demonstrations with Littelfuse SiC Devices 

5 kW Buck Converter

10 kW Phase-shift Full-bridge Converter
20 KW Boost Converter
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Buck Converter demonstration: 5kW @ 200 kHz

1200V, 80 mΩ MOSFET

1200V, 10A SBD

675VDC to 350VDC converter operating at 200 kHz

Back to Index

http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic1mo120e0080_datasheet.pdf.pdf
http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic2sd120a10_datasheet.pdf.pdf
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PV Inverter demonstration: 3-Ph, 3-L 10 kW; >99% Efficiency 

Total Size: 350mmx 200mm x 100mm

 Collaboration with TI

 Littelfuse SiC MOSFET

 TI driver and controller

 50 kHz operation

 > 99% efficiency

 >1.4 kW / liter power density

1200V, 80 mΩ MOSFET x 6
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Back to Index

http://www.ti.com/tool/TIDA-01606?keyMatch=SiC&tisearch=tidesigns
http://www.ti.com/tool/TIDA-01606?keyMatch=SiC&tisearch=tidesigns
http://www.littelfuse.com/~/media/electronics/datasheets/power_semiconductors/littelfuse_power_semiconductor_silicon_carbide_lsic1mo120e0080_datasheet.pdf.pdf
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 Industry-leading customer 
support

 Global manufacturing and 
supply chain excellence

 Diverse technology portfolio 
to enrich systems-level 
engagements

 Extensive industrial and 
automotive experience

New approach to SiC power semiconductors

 Deep power semiconductor 
and applications expertise

 High performance and 
quality SiC MOSFET and 
diode technology

 Manufacturing in automotive-
qualified 150mm CMOS fab
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New approach to SiC power semiconductors

 Extensive packaging 
knowledge, expertise, and 
resources

 Complementary 
technologies that fill in 
gaps

 Respected name in power 
semiconductor industry



Thank You!
Come see us at Booth 253!

Questions?


