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Outline

▪ SiC devices’ performance advantages

▪ Accurate test & measurement

▪ Optimized power loop layout

▪ Proper gate drive design

▪ Summary
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▪ Material properties

Why SiC Devices

▪ Converter level benefits

SiC

Devices

Conduction

Loss

Switching 

Loss

Operation

Temp. 

High-Freq Passive 

Materials

Smaller Passive 

Components

Smaller Cooling System 

Size

Improved 

Power Density

Lower System 

Cost

Si SiC

1.1eV 3.3eV

0.3 MV/cm 2.0 MV/cm

Low High

1.5 W/cmK 4.9 W/cmK

Si IGBT, <20 kHz SiC MOSFET, >20 kHz, 

Band Gap

Critical E-Field

Doping

Thermal Conductivity

Stat-of-the-art devices

High-voltage

High-temperature

Unipolar switches
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Performance of SiC MOSFET and 

Diodes VS Silicon 

SiC Diodes Provides
▪ Dramatically reduced 

switching losses
▪ Temperature-independent 

switching behavior
▪ Higher operating junction 

temperature
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SiC MOSFETs Provides
▪ Extremely fast switching speeds
▪ Less temperature-independent 

ON resistance 
▪ Higher operating junction 

temperature
▪ Higher switching frequency for 

power density improvement
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Revolutionary Technology 

Presents New Design Challenges

SiC MOSFET and Diodes

It also requires:

▪ Minimization of parasitic inductance

▪ Minimization of noise coupling

▪ Proper gate driver design

▪ Matching L&C design 

▪ Precise measurement of voltage 

and current

Super fast switching speed enables

▪ High efficiency

▪ High power density
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Voltage overshoot

Conductive CM noise

Measurement difficulty

Radiated noise & 

near-field coupling
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Packaging and power stage layout add parasitic 

inductance and capacitance.

LCSI

Ls

Ld
D3

LCSI

Ls

Lg

Lpwr

Ld

Rg
Vdc

IL

Vg

Stage 1 Stage 2 Stage 3

Application Design Limit SiC MOSFET

Performance
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D3

LCSI

Ls

Lg

Lpwr

Ld

Rg
Vdc

IL

Vg

Cgd

Standard 

double-pulse 

test circuit

▪ Coupled 

inductance 

between the gate 

and power circuit

▪ Limit device 

switching speed, 

increase 

switching loss

Common 
source, LCSI

▪ Parasitic 

inductance of the 

circuit flowing 

through the power 

device(s) and load

▪ Major influence on 

voltage spikes 

during turn-off 

transient

Power loop, Lpwr

▪ Parasitic 

capacitance due 

to package and 

layout

▪ Can lead to 

inadvertent turn-

on, shoot-

through, and 

catastrophic 

failure

Miller Cap., Cgd

Knowing the Problem is Half the Battle
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▪ Adding Kelvin source to 

alleviate LCSI

▪ Advanced interconnect 

methodologies to optimize LS

and LG

Discrete packaging

▪ Assist with board design and 

layout to optimize Lpwr and 

decouple LS and LG

▪ Ground plane design and 

mirror current control for EMI 

reduction

Layout support

▪ Tailored support using 

decades of device and 

applications expertise 

▪ Evaluation kits, reference 

designs, and demo boards

Design tools

▪ Simplify customer integration 

of high-current components

▪ Advanced attach and 

interconnect methodologies 

to optimize Rth and L’s

Module packaging

Solving the Problem is the Other Half
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▪ Characterize switching behavior of SiC devices

▪ Verify datasheet information

▪ Layout guidelines for converter design

Dynamic Characterization Platform

Key features:

• MOSFET/Diode characterization

• 900V bus voltage for 1.2kV devices

• Fixed driving voltage with selectable 

0V/-5V negative voltage

• Easy and accurate measurement

• Optimized gate and power loop 

design
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Dynamic Characterization Platform

Schematic and Layouts

Gate Driver

Gate Driver
 

Power Supply

Gate Driver
 

Power Supply

Gate DriverOptocoupler

Digital Isolator

Digital Isolator

DC+

DC-

OUT

Test PointTest Point

Gate Driver
 

Power Supply

Gate Driver
 

Power Supply

PWM1

PWM2

VCC_PS

GND_PS

GND_PWM

• Separate driver for top and bottom device

• Selectable negative driving voltage: -5V/0V 

• MOSFET and diode for each device position

• Probe tip adapter and current shunt for accurate measurement

• Optimized gate and power loop design
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Layout Design Considerations

Recommendations
1. Reduce length of gate loop as much as possible. This will reduce magnitude of 

VGS oscillations.

2. Decouple gate loop from power loop. To reduce capacitive coupling and minimize 

parasitic inductance. This can be done, for instance, using TO-247-4L or TO-263-7L 

with Kelvin source connections.

3. Orthogonal thinking. If possible, put the plane of the gate-source loop 

perpendicular to the plane of the power loop to reduce inductive coupling.

Recommendations
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D1
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S2SS2

SS1

DC+

DC-

AC

Digital 
Control 
Circuit

Digital 
Isolator

Gate 
Driver IC

Digital 
Isolator S1

GD Power Supply

GD Power Supply

Gate 
Driver IC

Control 
Power 
Supply

Higher Z

Lower Z

Higher Z

Lower Z

Recommendations:

▪ Differentiate propagation path 

impedance

▪ Maintain higher Z for gate signal 

path to block noise

▪ Design lower Z  for GD power 

supply to bypass noise

*X. Zhang, et.al., "Ultra-low inductance vertical phase leg design with EMI noise propagation control for enhancement mode GaN transistors,“ APEC 2016

EMI Propagation Control

▪ CM noise source as current source*

▪ Conductive CM current induce digital 

control circuit malfunction
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Turn-on Waveforms Turn-off Waveforms

55 55.05 55.1 55.15

0

200

400

600

800

V

 

 

55 55.05 55.1 55.15
-10

0

10

20

30

40

A

 

 

Vds_SW

Ids_SW

59.55 59.6 59.65 59.7 59.75

0

200

400

600

800

V

 

 

59.55 59.6 59.65 59.7 59.75
-10

0

10

20

30

40
A

 

 

Ids_SW

Vds_SW

0

500

1000

5A 10A 15A 20A 30A 40A

Turn-on Loss with different Rg @25°C (µJ)

1 ohm 2 ohm 5 ohm 10 ohm

▪ Accurate switching loss 

measurement

▪ MOSFET dynamic performance 

characterization (switching time, 

gate charge, etc.)

▪ Diode reverse recovery charge 

characterization

▪ Explore optimized driving via 

gate driver parameter tuning

Loss Measurement Results
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▪ Desired Features

– Enough driving current capability 

▪ Reduce switching loss

▪ Reduce driver IC temperature at high switching frequency

– Good isolation performance

▪ Block high dv/dt and di/dt, protect control circuit

▪ Ensure EMC, prevent mal-function

– Effective protection

▪ DESAT protection with fast response speed

▪ Soft turn-off during FAULT

▪ Active miller clamp

▪ UVLO & OVLO

Gate Driver IC Desired Features

Fast switching speed of SiC MOSFETs need better IC performance 

and careful layout design 
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▪ Provide different gate drivers reference boards for different design 

targets

– Basic version gate driver (BGD)

▪ Basic driving function, no protection

▪ Simple structure, relatively low cost

– Advanced version gate driver (AGD)

▪ Driving function with full protection

▪ Different technology approaches (driver ICs) to meet customer’s preference

▪ Provide evaluation platforms to compare different gate driver 

solutions 

– Quick evaluation customer’s preferred solution and provide test reports

▪ Verify pulse switching details

▪ Verify continuous switching performance

▪ Verify protection performance

Our approach
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▪ Driving current

– Higher pulse current to reduce switching loss

– Higher continuous current rating for lower driver IC temperature

▪ De-sat protection

– Faster response time to avoid device aging

– Flexibility to control protection response timing

▪ Soft turn-off during FAULT

– Slow turn-off speed during shoot through to avoid voltage overshoot

▪ Active miller clamp

– Effective prevention of shoot through in HB test

▪ UVLO & OVLO

– Effective protection of under voltage and overvoltage

Key performance criteria
IC functions
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Advanced Version Gate Drivers (AGD)

ACPL-332

ACPL-337

SI8285

TLP5214
ISO5852S

GDEV

Different reference board design based on different driver ICs

• Provide reference design based on test results

• Do not limit driver IC selection, allow customer to choose their preferred IC, 

we can provide performance evaluation using GDEV. 

• Performance comparison in Application note.
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Key performance criteria
EMI performance

GD

GD

Digital 
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analysis

Evaluation and test results in application notes
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Evaluate EMI performance using half bridge converter with standard propagation path
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▪ SiC Diode and MOSFETs provide promising potentials for 

high efficiency high power density converter design due to 

their superior performance over Si devices

▪ Due to its high switching speed, new challenges are encountered 

that we must identify and resolve

– Characterization

– Power loop design

– Gate drive design and integration

▪ We are providing different design platforms and outlined a number 

of fundamentals and best practices to help designers get off to 

the right start

Summary
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SiC MOSFETs Unleashed

xzhang@monolithsemi.com


