[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

SIC-MOSFETO OO OOOOOObOOoboOooDbe-bcOnobonoon
goboooood

Study of Power-Loss Reduction in High-Power Bidirectional Isolated
DC-DC Converters Using SIC-MOSFETs

oood

Ryo Haneda

O0:00@0),

oOooooo:0oo0ooa,

O000:00120810,

O00000:20210 90 240,

ooooo:0o0o0a,
oo00:00oo,0o0o,000,000,0000,0000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1208101,

Conferred date:2021/9/24,

Degree Type:Course doctor,

Examiner:,,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

w3 EE

THESIS SUMMARY

Fea—RA

EXE T F HRahr FUody) © it .
Department of, Graduate major in B R T a— A Academic Degree Requested Doctor of
AR gEHE (F) . o
TR SR g FRRAR (R = MR B
Student” s Name Academic Supervisor(main)

fEHEA &) -

Academic Supervisor(sub)

i (F13C 2000 FFLE)
Thesis Summary (approx.2000 Japanese Characters )

AFSCTIE, [SiC-MOSFET Z i fl L 72 KRBT MR DC-DC =2 o8 —Z OB RAIKBUC BT 2028 LEL, REEON
TR —7 v —%F T D DC-DC 2 N—2 & L THIFF STV D Dual-Active-Bridge (DAB) =z i /N—X Zxfgie L
T, SiC-MOSFET Z i L7=BOSEOER & BN EHHE 2 ERmINIFM L, BANRR X OREEEERIC AL v F o 718
JeNHART D REIC KT LT, MR 2 HIEEZ 222 L, SiC-MOSFET Z{# H L CTakE « S4E L 7= 100 kW DAB = /3 — % % [
WEBRICE D, ZOMEERFT D, RmSULLLTFO 6 FTHRT 5,

W1 TFEim) i, FAETRET 2L X —0W K o@Eiikss OB e CIREE D 2 OHEHEIZ X 5 72 0H121%, KREREN
FIHEZIE DC-DC 2 v X —F2 D X 57 5/« REALBMETH Y, 2D 1 FRELT2HOT Y v VAR A2 DAB =2
NR=ENEHLELETHY, ERADDFEMICEREDSN L, S6RD2ENRIL - IMULEIT S BERDH D &bt 5,

%5 2 % [DAB = \— & ORI TIE, AW DAB = N—F ORI TR A igd U CEL 2 M L, HUFH DAB
S R— B IFERSR SN D R, ENHETHY, RO ERAMETE D Z L 2R LD, AR BEE R IT I 2
A F U THEENEMNT D Z L35 S SN TV b 2303 b8, RIZF GG AR R0 E B2 3 M2 4 TIE v 2
LRI, AR OMEMT 2T 5,

F3W (AL v F U THROIEE Tlk, FEEIEBIERIC S AR EN SRR AL v F 2 TR O 1k 2 15
T 5, MBI EANETUESIETIE, DAB 2 =X ORBREERKEICNET 52 EBARETH 503, FABEEEERHC
IFASIOT ) v DREBEROTNESM N R D720, BRSHEEITI 2N TE R, —J7, BE - BIROBFERN O A1 v
F U TREEWET D HETIE, SICMOSFET DAL »F 2 VT REETH 5720, BRRHBELEOFEEZ T R 2 LN REET
HY, FHAWRREREEZE5 2 LI TERY, R T, [EBIEAL v F U THOAL v F o THENT — o F T
DBEFNCOMEE L, AHHEE L ITIEITEER) THDH 2L 2L ERCHRR L, FSMEEERIC bEATRER Y — 47
BB AA v F o FHEELZTMT 2 HIEEHRET S, SiC-MOSFET % IV 72 100-kW 16-kHz DAB = o "— & & 3% 3 - #fE
L, ARTEEERICOEATIETH S Z L2 KT 5, REER, ¥ — A 7HOBRZAET 5720 O EARFETREICE
2 MHRE & AR O ERWRRIERKE 0% 26722 L#RT 2,

954 T [RARRFOBIAREL Clf, BARREOEBLZ RN 5 MKGEERICOWT, S LR 58KEME B L Lz DAB =2
R—F OHIEEZ R 5. GEROBFH R T — FRKEE T, BEILEAA v F o ZEERTRE R R/ NER TEN A RS L,
ZOBRBEEBROIA IV T TAL v F U T ERIEL, BABREELREMHOMRICL D FEAEZHIET 2, ZOHE, BOA
A v F U T BB TDBICAFT Ry F o PICER SN EBRARA LD, R TIE, 3ETHE LI AL v Fr 7Bk E
AW THER DR EIROBIIE R Z EEANCHA S L, (EEOERATN TOARETAL v F L 7 2KIEL, AL v F T
T EEERRCEIRAIEER &8 2 EiEGE — FRIKEREARET 5, RRBIETIE, A v F o 7 ERBT BRICFEEEAL ¥
F o TR FIRE A i/ NE TR LL EOEFEATEER L CWIUE, AT ANarF oy 28645 2 L3, KighAA vF o 7H%k
ORI TTRENC 72 D = & BRI R T, #%EF - BU4E L7 SiC-MOSFET % FHV 7= 850-V 100—kW 16-kHz DAB =t > /8 — % Zfdi i L
TERE D 10~34% DA TRFOERZ K 1/2 1K TE B Z L 2 EBRIICHRT D,

%5 W [HEEEBEREOBRIMRRL <i, FEEBEROKIBIALATEEZR L 7 BN 7 M ZB%T 5, FREEER
WX — o A 7 REOBEROEMZ LY, @EMOT Y » DEWIRD AL v F v THERRIBERT 5, TN AT 26k E LT
TV VEBRED 2 KOV TEOMA Y T NSRRI ST D, FET LY X AREMETH D, AT, 3 ETH
ELIZAA v F o 7 HRRIZESNT, ERHHFIROBIRRICE S Ko THIKISMZ3 T 5 2 & T, filfl7 L3 Y XLHHL
WiZe@mER T Y > P ~O L RS 7 M A RZET D FREEBIERFOZhSEME A AIEE7R 100-kW 16-kHz DAB =2 > /N— % %
AP BUEL, ASEBET50 V, HJJEE 850 VOFEEMERNC I THREHIE A L, Tk 100 kW TOZLH0RIT 98. 96%
IZEEL, HERHITD 98. 80%Z AT 0. 16%D [ L T& 5 2 & 2T 5.,

#6® Hiam) T, AmMCTHLNZEREENT 5,

%5 FSCE R IX, RIS 2000 7 & 5030 300 35% 1 3 DEHT 57, & L<IFEIC 800 354 1R LT E a0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).

HE  RCHEE T LRI —F IR (T2R2) I TA U — Ry MARIIVET DT, AR ATREZREFH DN TIERL TIEZ W,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(F HRR )

Doctoral Program

w3 EE

THESIS SUMMARY

Fea—A EXET PR HREFNL RS« 1t ( T2 )
Department of, Graduate major in EREL a— A Academic Degree Requested Doctor of

AR gEHE (F) o
SRR TR FRRAR (R = BEM 2]
Student” s Name Academic Supervisor(main)

fEHEA &) -

Academic Supervisor(sub)

S (P 300 FERRFE)
Thesis Summary (approx.300 English Words )

This dissertation discusses power—loss evaluation and reduction of a high—power bidirectional isolated
dual-active-bridge (DAB) dc—to—dc converters using SiC-MOSFET modules, especially under light load and
buck and/or boost mode conditions. Although the overall converter power losses can easily and accurately
be measured under the same input and output voltage condition, it is unable to measure it under different
voltage conditions. In such the case, it is possible to measure the power loss from the product of the
drain—source voltage and drain current of an MOSFET. This measurement is however very sensitive to the
delay in the current sensor in case of fast—switching SiC-MOSFETs. This dissertation proposes a simple
and practical method for measuring the switching losses applicable in buck or boost mode. The theoretical
and experimental results clarify that the switching loss strongly depends on the instantaneous drain
current at the turn—off of the corresponding MOSFET, and is almost independent of the input and output
voltage in ZVS operation. Based on this fact, the proposed method evaluates the switching loss only from
the measured instantaneous drain current. It is also confirmed that its accuracy is the same level as
an indirect loss measurement using calorimeters

The DAB converter cannot achieve ZVS under light load conditions, thus resulting in a large switching
or snubber power loss. To reduce the loss, a simple algorism, called “intermittent operation,” which
controls the ratio of a nonpower—transfer period to a power—transfer period to adjust the average output
power. However, MOSFETs cannot achieve ZVS operation at the start and end of each power—transfer interval
in the conventional intermittent operation. This dissertation proposes a new intermittent operation which
intentionally maintains a circulating current even in the nonpower-transfer interval to enable ZVS
operation. The 850-V 100-kW 16-kHz DAB converter using SiC-MOSFET modules verify that the proposed method
can reduce the overall loss by a half in a light load range from 10 to 34%.

The switching power loss increases in the high—voltage—side bridge under buck and boost mode operation
because it has to turn a larger current off than the low-voltage—-side one. This dissertation proposes
a simple dual-phase-shift control method to a higher-voltage bridge, paying attention to loss reduction
around the rated power. Experimental results verify the conversion efficiency was improved from 98. 80%
in a conventional control to 98.96% in proposed one under a boost mode condition with the input voltage
of 750 V and the output voltage of 850 V.
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