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Micro Electronics vs Power Electronics
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% Switching Loss Comparison
WBG and Silicon

SiC v.s. Silicon (IGBT)
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CPES GaN: Loss Breakdown
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What Do You Do?

|f you are given a device without switching losses,

what would you do ?

“Figure of Metrics ”

s it a meaningful metrics 7

Shall we re-assess our design approach

and trade off criteria ?



Low threshold voltage & breakdown voltage

Challenges for WBG

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

Packaging consideration




=T dv/dt Deteriorates Input PWM Signal
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Soft v.s.Hard Switching

DuringTurn On

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

Top switch.
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Soft Switching
CRM: L=6uH, Al =14A
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F=500kHz, Vin=300V, Vout = 48V, lout = 5A
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< Soft v.s.Hard Switching
During Turn Off

Hard Switching Soft Switching
CCM: L=250uH, Al =0.4A CRM: L=6uH, Al,, =14A
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F=500kHz, Vin=300V, Vout=48V, lout=5A
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Demonstrations

1. Server power supplies (1 KW)

2. EV chargers (6.6 KW)
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GaN Based Server Power supplies

12V
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= Shielding for CM Noise Reduction
US patent
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1-3 MHz, 1IKW PFC
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~OES “Balance” for CM Noise Reduction

L, (9 turn) \
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6 layer PCB
700W/in® (without cap)
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Single-Stage EMI Filter
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Dual Boost PFC (CCM)
20-50kHz 96% peak eff.

Phase Shift Full Bridge
20-50kHz 96% peak eff.
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e Proposed On-Board Charger

CPES Proposed Design: Variable DC-Link Voltage
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& Magnetic Integration
CPES w/ Flux Cancellation
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3P3S

Built-in

Ul Core
3P3S

L,=17uH
L, =103nH << 1.4uH

Leakage inductance is too small
to'‘be‘useful

Leakage Inductors
Built in Leakage Inductance
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L., is controlled by air gap.
L, is controlled by center leg area.
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=== PCB Transformer Trade off

TX w  TX.c
m PCB Integrated Magnetic

- =

Ind_w Ind_c

m Litz-wire Magnetic*

Total Loss 59.5W

55.1W

Total Volume 135cm3

140cm3

*AWG48/2000 for litz-wire design
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&= CM Current
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o CM Noise Suppression
CPES Using Cancellation Concept
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CPES Complimentary Noise Sources
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CPES On-Board Charger
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Summary

GaN to Replace Silicon

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

orovement of EMI/EMC (20dB )

“ Improvement of Manufacturability

- Paradigm shift

s Cost 7?77
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