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Design of ZVS Inductor Considering Load Power Factor Variations in a ZVS Tank Inverter

Michiru Hayashi®, Keisuke Kusaka, (Nagaoka University of Technology)

High-frequency inverters are widely used in various applications, including power supplies for induction heating and wireless

power transfer (WPT) systems. This has been facilitated by the widespread adoption of wide bandgap devices (WBGs). However,

high-frequency inverters suffer from switching losses caused by hard switching and noise generation due to surge voltages. To

address these issues, zero-voltage switching (ZVS), a soft-switching technique, can be applied to reduce switching losses for the

series-resonant inverter. Nevertheless, achieving ZVS underload variations, particularly at light load, is challenging. By introducing

reactive current through an LC series circuit connected to each leg, a ZVS tank inverter can extend its ZVS operating range.

However, designing the ZVS inductor based on the worst-case load variation may increase losses under rated operating conditions.

This study investigates the losses of a ZV'S tank inverter when the ZVS inductor is mismatched to the load conditions. Experimental

results confirm that deviation from the optimal ZVS inductor leads to increased losses and higher conducted noise.

X—D— R (o R—F, PaBEAL vF T, AWML

(Inverter, Zero voltage switching, Load fluctuation)

1. [FC&HIZ

FHEMBAABROSCU A ¥ L AEBIMEE® (WPT) 728D
TV =2 a BN, EEAEA U= F OFENE
FoTWb, INHOABRCIHLIEREEZ AT 2 AWSE
BEENDZENEL, A o \—FOmEENEERIE, Anidk
REEICB T D EIERA v 27 2oar T ot Loz
O/ UL EFREE T 5, L LZED—JF, PERT /S A
ATHRL DAL v F U ZTHIRITEEBICGIT 5720, &
FREEIC L > TAL v F U ZTHRBE KT 5, FFICA
WNTA—=FOEGBHRLITLY, FEEKT A 22— R
AL F U TN TTIMET 56, AL v F 7T A
ADBRIZE Y TNA ADFEL, BGEFHDBEEL 25,

Ay F U THRKRERBT DY 7 bAAL v F U THIFED
—2 & LT, ZVS(BEuBEAA v F o B H 5D, ZVS BifE
T, Ty RAA LHIBFIC AL v F v TR 2ADFE
BEEAMEBTDLZ LT, TS ADHF— A BERIIC
FuA vy —ABEBELZ Y| ?60%@%,&~yﬁy¢
28T, B A URORKERETH LN TED
72, RLA v Y —RAMBEOY—F F’i’ff%ﬂ‘jéf%ét
538 ) A ZOKB b ER S LD,

LU, AfHIER A X=X 2B\ T ZVS 1T 2 5A,
BERETANCAL v F U TTF A ADFRBEIT O -

W, Afiif B —F U AEENRET D L ZVS DER SN
RWEENH D, BT, BENA =2 BN SN DY
INEA BT A ¥ L ABIMRSE TIEA R ORRECAL &
THIC L > TAKMA v E—F L AOEMNEET S, Zh
5OERA =X AEE Y, AWMARNEET D
L ZVS WER LD WHBENR S 5,

ORIz LT, ZVS AIBERiFA 2 AT 5 2 & N R[EEZR
ZNS B 7 A U N—=FOORERINTND, ZVS 7
A N=ZF L ZITBINTTER S LC BRI A 6 it
NDWNEIRIZE >TZVS #1795, LIz ->T, ZVS ¥ >
TDAUE T B AL, Ty REA LHPICERT 5 E
WMERET D728, ZVS OFFICREREHEEL 525729
[ElEEE% R FEE R NT A—H TH D,

INETZIVS ZL I DA E T BiL, —EOATTHIRSR
#%ﬁﬁb BAAL o F L TFNA AD ZVS DEREND

IRFFSINTERZG, L, —EOBESR TR L%
Q,Aﬁﬁﬁﬁ ZVS MERL ST, HENEIET H
Ndb2D, —FHT, ZVS FIRERAMGFHEAZ AT 5 & 0 A D
T —A Nr—RZEDETHEEITo 72 8h, ZVS A V&
7 A IZBIRT DEIRIC L > TAAL v F U T4 ZADEE
B AL v F U THEROA L Z 7 Z OB RIS E
LHEERH D,



Z TR T AN IREBABEL, ZVS # 7 A
U= ORRERIMET D IEOICK TR A VX T X O
FHZOWTERMICRF 2T o 2O THET 5, TTHD
2, BEEOARMNIFREEZE LT ZVS ZiERT DI R
INDINS A VT B2 v AMEO BB AT 5, £ D1,
FERIHZEBNT ZVS [ 2 F 7 X v AL S E 7255
ZVS A = Z BROEIFMZATV, A )R EBRFT
WX ZVS Z oA By B EREEE T 5 2 & NERNFEE
KFSERRAERY H D2 L &HEROITRT,

2. ZINS B2 A4 iINn—32DEERIE

(2-1) EIRER ZVS X 7 A o N—Z %X 1 1TRT,
AKEBIZ TNV TV v A o NR—=FDFH LT ICBNT, B—
P A RAAL v FICAFNC LC B 2B LAk E & D, 2
O LC A ZVS Z v 7 EWES, ZVS X 27 D CasiI AT

EDONAE Vin / 2 ZHERFT 2, KL I DAL v TF 71T &
«ycm@4/&7&@m IR EOBESEHMS
5 ETCEARROBERP NS, XY, £ 70
ZVS ZENT 5,

(2-2) EIERIE K212 2ZVS Zo 0 A R "—E D)
VeI 29, ZVS & v 7 A 28— Z DEIEICSWT 8
DEWEE— 0T TS 5, 20k, KARITAMIE 1 %
HELTWA,

CEEE—R 1 SI OF—r AU LV BET 5, BT
T douw VFIED JF AN Fhfmé S2 78 OFF D 7=, S2 12
WA S 72 LC RIS IIZEFREIE Ve BEINS NS, Z
AUT LY Lzvs ICIED ATJEEO AN S 4L ZVS A >~
KU B OBERITIEINT 5, F72 S41XON D=, S2 123¢51
Bk LTV D LC BRI EE AN S 2w, 00
Lzvsa \ZRID ANJJE r@*ﬁwmmén m@4/&7&@
BB T D, SR OFF 52 L TCZDE— RIFKTY
D

CEMEE—R2 S3ELS4nT v REALMMTHD, A
TAf BB dour VEAE O JF N JRAVEET TN D o VI dowe & Lavs:
B L CWDERMN S3 & S4 DKL A v - YV —AWERE
DFRMEEIT D, S3 TIEFERBOKE THOND, S4 T
IATVEE Vi ECHERENTESIND, ZOFF, L2
IIND BEMIENZEALT B - OBHRAEMULIED D, S3 2
ONTHZLETZDE—RIIKRTT D,

CEEE—R 3 S3 NF—UF T B EICE 0 RENE
T— RO T D, ATFEF jow [TIEOFAISFTAUEET T
%, S4 78 OFF D72 KL A v Y — ZABENHIN S Mt
TWD Lzpsi \ICIEO AJJEJEOERHIINE LA T2 Lavs:
VXIS 2 F IS ER RS D, S1 23 OFF 52 & T
ZOE— NI TT 5,

CEIEE— R4 S1&S20F7y REALHTHD, A
Tf BB dow (FADFRNIHRILD, HMAEIRE Lvst D575

SPC-25-174
MD-25-090

Current reference direction

+—> —

sl 3 E‘ji
1 1 Lr Clr
Vin il g:'

Lzvsl Lzvs2
S2 S4
.I

=
1 Tszsl Eli Tczvsz

X1 ZVS 2o oA nR—H
Fig. 1. ZVS tank inverter.
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Fig. 2. Circuit operation waveform.
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Fig. 3. Current on switching devices at ZVS operation.
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Table 1. Derivation parameters.

Parameters Symbol Value
Input voltage Vpc 300V

Phase shift angle @ 0 deg

Operation frequency f 3 MHz
Dead-time ta 33ns
Drain-source capacitor Cis 200pF
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Table 2. Experimental parameters.

Parameters Symbol Value
Input voltage Vbc 100V
Phase shift angle a 0 deg
Output frequency f 3 MHz
Dead-time td 33ns
Resonant Inductor Ly 20.2 uH
Resonant capacitor C: 141.1pF
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Fig. 6. Experimental Circuit.
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