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Composition of SiC Driving Application 
Circuit



Driver IC, components, and SiC MOSFET
constitute the driving circuit

How to optimize SiC MOS gate driving in applications

How to fine tune SiC MOS gate driving to minimize losses

Driver IC

Application circuit

SiC MOSFET



Application circuit consideration

Negative voltage driving.

• Not mandatory, further reduce losses and increase robustness. 

Negative voltage clamping circuit.

• To produce negative voltage driving. 

Rgon, Rgoff, CGS, Zerner diodes.

• To optimize efficiency, EMI and glitch. 



Driving IC consideration

Isolation is needed from SiC IC to avoid noise interference

Protection: Millar Clamp function to prevent gate voltage spike



To improve device performance 

and reliability, it is crucial to 

manage parasitic capacitance 

carefully. It’s directly related to 

Miller effect. 

SiC MOSFET consideration

A lower capacitance ratio (Crss/CGS) in a device can reduce 

susceptibility to false turn-on or parasitic turn on (PTO) 



Potential Risk - Parasitic Turn On (PTO)



Parasitic turn-on effect

Parasitic turn-on (PTO) caused by the Miller capacitance is  considered a weakness of SiC MOSFETs. 

Gate spikes sometime happen in SiC applications – glitch.

To avoid Parasitic Turn On, gate-drive designs for high dv/dt applications are typically implemented 

with negative turn-off gate voltages. But is that really needed with SiC MOSFETs?

Key factor of PTO: 

Fast dVDS/dt.

Parasitic Turn-On: Parasitic turn-on refers 

to the phenomenon that occurs when a fast 

dv/dt causes a power transistor to conduct 

in a command-off state. 

It's typically the capacitive feedback via the 

Miller capacitance which is considered. 

Risk: If a glitch occurs with substantially 

higher than VGS(th)_min, it can lead to a 

shoot-through failure state. 

glitch

VGS(Q2)

VDS(Q2)

ID(Q2)

IGD = CGD * dVDS(Q2)/dt

IGD

SiC MOSFETs technology improves performance by providing faster 

switching solutions than traditional power semiconductors – CGD 



Temperature effects:

VGS(th) tends to decrease at higher 

temperatures, This behavior must 

be considered in applications 

where devices operate at elevated 

temperatures. 

VGS(th) comparison at TJ=25°C  vs. TJ=25°CNormalized gate threshold voltage vs. temperature

K elements in Miller turn on Phenomenon

SiC VGS(th) threshold voltage is the minimum gate-to-source voltage to 

create a conducting path between MOSFET source & drain terminals



Techniques to reduce Gate Voltage 
glitch effect



Fine tuning RG

Reference topology

Vgs_spike(glitch) = IGATE*RG = CGD*dVDS(S2)/dt* RG 

• Gate resistance: 

-- In Initial status, RG_ON, RG_OFF select a gate resistance such that the ratio is RG_ON/RG_OFF ≥ 1.5.

-- This ensures faster turn-off compared to turn-on, reducing the risk of Miller turn-on.

-- Vgs_spike(glitch) vs RG do not have a definite positive or negative relationship.

• Vgs_spike=IGATE*RG=CGD*dVDS(S2)/dt*RG 

• Higher dVDS/dt happens suddenly. 

• Vgs_spike ↓ = IGATE * RG ↓ 

• Vgs_spike=IGATE*RG=CGD*dVDS(S2)/dt*RG 

• Higher dVDS/dt happens suddenly. 

• Vgs_spike ↓ = IGATE * RG ↓ 



LLC topology and driver circuit

Initial waveforms and Vgs_spike

CGS-ext
Add 2.2nF to CGS-ext 

Add Cgs 2.2nF waveforms and Vgs_spike

Test condition: LLC start-up

Glitch voltage over Vgs(th) 

Zoom in

Ids

Vds

Vgs = 6V

Test condition: LLC start-up

CGS-ext = 2.2n

Before Vgs=6V After Vgs=2.7V

Ids

Vds

Vgs = 2.7V



Active Miller Clamp

Active Miller Clamp: 

-- use a gate driver with an active Miller clamp to prevent the gate voltage from rising due to the Miller

   effect during switching.

-- Negative Vgs bias can improve SiC Mosfet staying at turn-off conditions.

-- The Miller clamp function is effective during SiC Mosfet turn-off and does not affect SiC turn-on.



Layout

SiC driver layout guide: 

-- Prefer SiC MOSFET with Kelvin source pin. 

-- Keep Miller clamp loop closest as possible to power stage.

-- Keep the routing short as possible.

-- Keep the clamp loop with the small area as possible.

-- Avoid vias in the path.



The more effective way to reduce glitch is negative gate 

driving. ( VGS=+18V/-3V)

Energy comparison bipolar vs unipolar driving

Negative gate driving  
Optimize negative gate driving circuit

glitch

VGS(Q2)

VDS(Q2)

ID(Q2)

-3V

3V

VGS(Q2)

0V

t

t

t

t t

-3V

Experimental data on 650V, SiC MOSFET Gen3, 29mΩ

Traditional negative gate driving

→Create G, S long routing trace(pink). 

3V

18V

Optimize negative gate driving

→G, S very short routing trace. 

3V

Clamp -3V components and location

Clamp -3V components

and location



How to measurement VGS in SiC 
applications



How to measurement VGS in SiC applications

Measurement environment setting 
Compare waveforms between Iso Vu and 

differential Probes

Test result: Iso Vu probe= 1.3V, Different probe= 4.3V  



Key SiC MOSFET parameters to 
consider



Kelvin Source  

Inductively loaded switching clamp circuit

Test vehicle used for comparing TO-247-3L and TO-247-4L

TO-247-4L efficiency and temperature are better

than TO-247-3L.



Crss  

21

Values [pf] (VDS=800 V)

Parameter Symbol ST Gen4 ST Gen3

Input 

Capacitance
Ciss 2875.3 2976.5

Output

Capacitance
Coss 152.3 135.3

Reverse 

Transfer 

Capacitance

Crss 7.6 13.3
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Capacitance variation

Ciss ST Gen4

Coss ST Gen4

Crss ST Gen4

Ciss ST Gen3

Coss ST Gen3

Crss ST Gen3

ST MOSFET Gen4 technology introduces 

a significant reduction in reverse 

transfer capacitance, enabling:

• Improved Miller ratio Qgd/Qgs

• Lower switching losses

• Reduce Parasitic Turn On.

→ Vgs_spike = Crss*dVDS(S2)/dt* RG 

-43%

800V

Gen4 vs. Gen3 capacitance variations

Gen3

Gen4

Crss reduces 43%, Miller plateau 

reduces, switching loss reduces. 



Takeaways



Key takeaways

Rgon and Rgoff (and the driving circuit in general) can be tuned to optimize 
performance, minimizing spikes and switching losses with negative and with zero-
volt Vgs-off.

The comparison between -5 V and 0V shows negligible differences in case of typical 
threshold voltage (VTH(typ)).

For design robustness, system and driving circuit design should consider worst case 
VTH and temperature, factoring the additional energy loss in comparison with the case 
at typical VTH.
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