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Micro Electronics vs Power Electronics
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2 Building Blocks
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Micro Electronics

Moore’s Law prevails in 5 decades
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Evolution of Power Devices

Power Density
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Power Module Integration
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Switching Loss Comparison
WBG and Silicon 
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GaN: Loss Breakdown 

Vin Vo
TS

BS

1.2 KW @ 100KHz Power (w)

ZVS

Switching losses 
are negligible

  

Trise

IL

t
Tfall Td

Vds

Ipeak

Io

Vin
Vo

ZVS

1.2 KW @ 1MHz

IEEE PEAC 2018  No Reprint Without Authorization



8

If you are given a device without switching losses,

“Figure of Metrics ”

Shall we re-assess our design approach 

What Do You Do?

Is it a meaningful metrics ?

what would you do ?

and trade off criteria ?
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Challenges for WBG

dv/dt (>6X)
di/dt (>3X) 

Packaging consideration

TO220

GAN/SiC

Low threshold voltage & breakdown voltage

X
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VCC

GND

VCC_T

VSW

VIN

PWM_T

PW
M

_B

Low Side 
Driver
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through parasitic capacitance path.
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Soft v.s.Hard Switching
DuringTurn On
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Vgs_Ts
10V/div

60VVds_Ts
100V/div Vds_Bs

100V/div

Bs turn off

Hard Switching
CCM: L= 250uH, ΔILL= 0.4A

20ns/div
IL 

4A/div

Vgs_Ts
5V/div

20ns/div

Vds_Ts
100V/div

Vds_Bs
100V/div

Bs turn off

Soft Switching
CRM: L= 6uH, ΔILL=14A

0

Bottom switchTop switch

IEEE PEAC 2018  No Reprint Without Authorization



12F=500kHz, Vin=300V, Vout=48V, Iout=5A 

Vgs_Ts
10V/div

20ns/div

Vds_Ts
100V/div

Vds_Bs
100V/div

Bs turn on

30V

Hard Switching
CCM: L=250uH, ΔILL=0.4A

IL 4A/div

Vgs_Ts
5V/div

20ns/div

Vds_Ts
100V/div

Vds_Bs
100V/div

Bs turn on

40V

Soft Switching
CRM: L=6uH, ΔILL=14A

Soft v.s.Hard Switching 
During Turn Off

Top SwitchBottom Switch

IEEE PEAC 2018  No Reprint Without Authorization



1313

Demonstrations

1. Server power supplies (1 KW)

2. EV chargers (6.6 KW)
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Today’s Server Power Supply

96% 
30-40 W/in3

2-Stage Filter Bridgeless PFC
100KHz

LLC DC/DC
100-200 KHz

EMI PFC

DC/DC

IEEE PEAC 2018  No Reprint Without Authorization



15

GaN Based Server Power supplies
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1MHz LLC Converter
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1-3 MHz, 1KW  PFC
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“Balance” for CM Noise Reduction

L3 (1 turn)
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Inductor Integration 
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Labor intensive manufacturing

Manufacture Paradigm
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Conventional On-Board Charger

6.8KW Bidirectional OBCl

Dual Boost PFC (CCM) Phase Shift Full Bridge

250~450VDC

20-50kHz 96% peak eff. 20-50kHz 96% peak eff.
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PCB Based Magnetic Integration

Transformer
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3P3S
Core1

3P3S
Core2

2 transformers in 1 core

Magnetic Integration
w/ Flux Cancellation

3P3S 3P3S 3P3S 3P3S
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4P2S 2P4S3P3S 3P3S

Built-in Leakage Inductors

Lr = 103nH << 1.4uH

3P3S 3P3S

Lr = 1.4uH

• Lm is controlled by air gap.
• Lk is controlled by center leg area.

Lm= 17uH

Built in Leakage Inductance 

Lm= 17uH
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𝜱𝜱𝒎𝒎𝜱𝜱𝒌𝒌

Leakage inductance is too small 
to be useful
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PCB Transformer Trade off
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CM Current

Vdc
+
-

LISN

Gnd
p

Gnds

Vpp

Vpn

Vsp

Vsn

Vsp

Vsn

CM Current

IEEE PEAC 2018  No Reprint Without Authorization



30

CM Noise Suppression 
Using Cancellation Concept 

If Tr1 and Tr2 have
 Complimentary noise sources
 Complimentary noise path 
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IGBT Version @ 20kHz

SiC/GaN; 43W/in3 3X

On-Board Charger
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GaN to Replace Silicon

 Improvement of Efficiency (1%-2%)
 Improvement of Power Density (5X-10X)

 Improvement of Manufacturability
- Paradigm shift

Summary

 Improvement of EMI/EMC (20dB )

 Cost ???
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