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EMI in Switching Power Circuits
• GaN/SiC offer low product of 

on-resistance RDS,ON and 
gate charge QG
–Shorter turn-on transition 

time
• Pros: High switching frequency 

fSW, low switching loss and 
conduction loss, high power 
conversion efficiency

• Cons: High Electromagnetic 
Interference (EMI)
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Spectrum Analysis on Switching Node – Fundamental
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• Ideal trapezoidal switching waveform inherently generate 
multiple spectra of EMI

• Energy of the trapezoidal spectrum remains significant 
below 𝟏 𝝅𝝉𝒓 ⁄ (100MHz - GHz )
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Spectrum Analysis on Switching Node – with Parasitics

• Parasitic inductance and capacitance in the MHS and MLS devices result in ringing in 
the output waveform -> additional EMI at high frequencies

• Conducted/radiated EMI varies depending on many factors including the 
input/output power, loading, PCB design, GaN devices and aging, temperature, etc. 

• The driving current strength chosen for one type of device or one scenario would 
not be optimal for other scenarios. 
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Gaussian Switching Transition for EMI Reduction
Trapezoidal 
SwitchingGaussian Switching
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Conventional EMI-reduction Techniques

• Multi-slope IG: 
 Low di/dt of IDSH -> Low EMI 
 High dv/dt of VDSH ->High 

efficiency
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Gaussian Switching Transition vs. Efficiency

• Gaussian spectrum decay rate 
can be adjusted by rise and fall 
time of the waveform

• The efficiency & EMI can be 
optimized by tuning the fall/rising 
time of Gaussian edges
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Comparison between Different Active EMI-Reduction 
Techniques

Gaussian transition can 
eliminate the EMI above the 
first pole, meanwhile   
maintaining high efficiency

EMI Reduction

𝒇 ൏
𝟏 𝝅𝝉 ⁄

𝟏 𝝅𝝉 ⁄ ൏ 𝒇
൏ 𝟏 𝝅𝝉𝒓 ⁄

𝒇 ൐
𝟏 𝝅𝝉𝒓 ⁄

Freq. 
stepping

Bands

Trapezoidal 
regulation

Gaussian 
regulation

Tech. Efficiency 
Optim.

IDSH

VGSH

VDSH

VMPTH

VTH

t

Gaussian 
Transition

Linear 
Transition

Gaussian 
Transition

Linear 
Transitionτf

𝝉



• Motivation & Challenges
• Proposed Gate Driver based on Gaussian Regulation and 

Frequency Dithering
• Proposed Reconfigurable Gaussian GaN Driver 

Design
• Measurement Results
• Conclusion

11

Outline



12

Mechanism of Gaussian Regulation of GaN Switch 
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System Overview

MH

VO

IOCO

L

ML

Spread-Spectrum 
Frequency

Dithering (SSFD)
Signal Generator

Dead Time 
Control

PWM 
Controller

Up Level 
Shifter

6-phase Gaussian 
Gate Driver

VIN
VBST

VSW

PWM Signal SSFD Signal

Ctrl. 
Bits

SSFD + Gaussian 
Signal

(a) MH

VBST
tn tn+1

=

VBST

Gate 
Cap.
(Ciss) 

rg(t)

vdrive

vcis

s

vcis

s



14

Current Mode Gate Driving (6 phases)
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Frequency Stepping Scheme
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Gate Driver Chip Photo and Specifications

Specifications Values

Process 180nm HV 
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fsw 10 MHz
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Measurement Results-I
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Measurement Results-II
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• Measured 
conducted EMI 
noise spectrum 
from 2MHz to 
500MHz 
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Measurement Results-III

• Measured power 
efficiency with 
different VIN and 
fall/rise time
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Specification Comparison
VLSIC17[1] TVLSI13[2] ISSCC17[3] This Work

Switch GaN Power MOS GaN GaN
VIN (V) 40 5.5 40 40
fsw (MHz) 10 3-6.5 10 10
EMI
Reduction
Technique

Trapezoidal
regulation

Freq.
dithering

Freq. dither.+
Trapezoidal
regulation

Freq.
stepping+
Gaussian

VSW Slew
Rate (ns)

8.5-20 fixed 1.2-4.4 3-7

Max. Eff. 81.4% 85% 85.5% 85.2%
Gate
driving

Current mode Voltage mode Current mode Current mode

EMI
reduction
(dB)

19<30MHz
9>30MHz

28@3MHz 40.5@10MHz
22.5@90MHz

36.9@10MHz
49.1@100
MHz

Process 0.35μm
HVCMOS

0.35μm
CMOS

0.35μm HV
CMOS

0.18μm HV
CMOS
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• A Gaussian switching scheme is first time realized on 
chip to reduce EMI from fSW to 500MHz.

• Frequency stepping + Gaussian regulation reduces EMI 
noise by 36.9dB and 49.1dB at 10MHz and 100MHz
respectively.  

• Reconfigurable VSW slew rate is adopted to obtain the 
maximum efficiency at 85.2%.
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