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Suppression of Leakage Currents in Wireless Charging Systems Using N-legged Inverters

Yusaku Takagi*, Ryo Matsumoto, Sakahisa Nagai, Toshiyuki Fujita, Osamu Shimizu, Hiroshi Fujimoto (The University of Tokyo)
Tatsuya Yanagi (ROHM Co., Ltd.)

An N-legged inverter for driving N-1 transmitter coils has been proposed as a way to reduce the implementation costs of wireless

power transfer (WPT) systems for the dynamic charging of electric vehicles (EVs). However, leakage current flowing through un-

coupled coils deteriorates system efficiency and causes leakage electromagnetic interference (EMI). Suppression of leakage current

by switching of legs unused for wireless charging is preferable as it requires no additional components. However, turning them off

can be insufficient, and switching them identically to adjacent legs causes large switching losses and is potentially counterproductive.

A novel switching method of unused legs is proposed to greatly suppress leakage current with limited losses.
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(a) Full-bridge Inverter (b) N-legged Inverter
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Fig. 1. Full-bridge inverter and N-legged inverter.
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Fig.2. A wireless power transfer system with a 3-legged in-

verter  and 2 transmitter coils.
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Fig.3. Gate signals for switches 1-6 and ideal voltage waveforms
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for V| and V,. When switches 5 and 6 are turned off, V, is not

controlled.
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Table 1. Circuit Parameters
Parameter Symbol Value
DC voltage Vpce 150V
Transmitter resistance Ri,Ry 223 mQ,280 mQ
Transmitter inductance Li,Lp 247:5uH,249:3 uH
Transmitter capacitance Ci,Co 14:2nF,14:2 nF
Receiver resistance R; 94 mQ
Receiver inductance Ly 99:3 uH
Receiver capacitance C; 35:1nF
Mutual inductance M 21:1uF
Load resistance R 5:6Q
Resonant frequency f(=1=2) 85kHz
Gate drive resistance Rga 4:7Q
Gate ON Voltage 18V
Gate OFF Voltage -2V
Dead time 300 ns
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Fig.4. Simulation results for leakage current I, and load voltage

V. Each waveform corresponds to when switches 5 and 6 are off

or when they switch identically to switches 3 and 4.

SW5, 6 &4 71T LEIT =R Y — 7 & |, i 2
RT3, K52 hLh &, L2772, 30mEE 5T R
R, A7 DIRAED MOSFET &

DEHE Vi & Vs DITEZ



O
T

Vi

\

Mode 1 Mode 3

1120
1100
180
60

— 1 420
Viz

—t L 1o

Vi

Current [A]

Voltage [

S

Mode 2

-1.5 L -20
4015 4.02 4.025 4403 4.035
Time [s] %107

5 V—2&HRLeLZ2 3OMHEDOTITV Y ER6D
WAL Vvz, Vmz DT,

Fig.5. Simulated waveforms for leakage current |, and leg-

ground voltages Vi and V3.
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Fig.6. Current modes 1-3 for when switches 5 and 6 are off and

I, is positive.
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Fig.7. RLC resonant circuits that form when switches 5 and 6

switch at the same pattern as switches 3 and 4.
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V2 and V3 during dead time.
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Fig.9. Current routes before and at dead time. The same goes for

turn-off. I; charges/discharges capacitors 3 and 4, causing a differ-

ence in potential between Vy and V3.
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Fig.10. RMS values of fundamental components of V5 and I, for
dead times ranging from 300 ns to 550 ns at an interval of 50 ns.
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Fig.11. Proposed gate signals.
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