[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

ScUOOOOOOooOooOooooooboboboboboboooo

OoOoOoooOod
OoOoOoooOod

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 411801,

Conferred date:2015/9/30,

Degree Type:Thesis doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



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

2013. 82&ET
(FAxEL)
am XX B S (FIX2000F R E)

BEES Z %

ao
5
N

[ R

(® §B)

FEMESFXEZHEH LZHENEZR TH L2558 ME T 7 2 kv (Induction Synchrotron: 1S) 1,
HEMEENLONMEX ¥ v FICRET HDHEB NSV AEBEICL > CTWEBR 2 MET L7 ha v
ThHoT, ARIBAKREENRVCTFRICHPENDZ ERL, HOLPEIA LT EZMETLHIENTESL LW
IRERFUMEAET D, IS THFEMEELEZ T4 73 %L Z&EJ (Switching Power Supply:
SPS) IIAREMICEE /L a L R—3x2 hThHOH, Thz/RaEEiEbl, SOICEEEZED D Z LN
MEBEMESRE BT AN A A RE L TEBIIHBSEIEDOEELRPETH D, Aiw iy
Uardi—4 RSO ERGTXDOSPSEE T HZ LICL o T OEE MR T XS HED TE2F
FOMEZELDIbDTHD, wmXONKHEHRIILLTOEY Th D,

F1E [Tl CEAMEONMES T EZHMEICT H27-0FENEDO LRI, F 778 RO &)
DO % HIETKEKT ¥ % VKR O I > W Tk~ 7=,

B2 TFHEINER Y AT 2O EBURORE] Tk, FEINEFREEZ AW ZIEFEIZONT
K OBABANT#EmEIT O & & BICZOHEMWHIF, Sl nEFTHWLRATERE T Y 2 (Si)FHE
BHRDOAAL »F o VEROBREIZ OV TR AT,

F3E PPRERAAL v F O/ ANT —~OIGH EFENME~OwE A FTREMERFTH Tk, AirEEic
BWTHMO YA L ZEREZERETHI2H7-> TN E TITHONATX7IGBT, MOSFET, SIH¥ A1 VU
2 BB FE AR ST —F N ZDRFFERINT DWW THEBL L L 5% B3 IR T —F N 2D R
WCHEHZ LT E MRS NDSICT A AT NHBEESIT N A R LT 25 Z & T OENME %
W L. SiC-JFETD A A v F o ZFHERERHAE R 6 SF8MERE LV R I A N—HFEF L LT RNT —
Ny —VHBPNEBETODL I EER LT,

A4 [SICJFETHm BNy r — VORI Tid, AR ICBWTHZICHE SN TR F %
— IV RT 4 A7 U — kR —USIC-JFETIZ O W T 7=, Z D8y 7 — T34 2mmf D SiC-JFET % =
RE¥VE—NVRLETAAZ V= EATORr—UThD, TOMERTFMEIT > R, 1kV-27
A-1 MHz CHEBGEMENATRETH D 2 L BRI NT-, BN 24T o 728, T ORFOHEKIT235 W, &K
EIREIX183 CThoo7mZ ENRENT,

%5 % [SICJFETZH WAL v F v 7ERORIEL Z DM T, FIHEOZTEH WAL
v F o 7EPR (SPS) oEh e ME, £ L CRHliFE RIc oW Tk~ 7z, 3/E L 72SPSO HLIKFHAN 21T >
TofE S, 800 V-21 A-1 MHz COEFEIMENMER Sz, £z, RIEEBRZFHEINE vV IC 8k L7235k
HLITW, AA v F U VEBREFEUMEL L2 ESEBLRETr — 7 VTR LIZERTIX, ¥ — 7 LVOAT
Ui DFESIPLIZ T TE AR CERMIC S H AR 28T 2 2 & THANAVZARE DO S TR0 RN iE
ENDHZZEEHALNIC L, B AV E—Z U ANRBEMDr—7 0L L T50Q DR 7r— 7 v %
STEHBEIEFE, A Vv E—F U RAEAEZWAFETY L EN VM, b TR YRR E L TENZEI35ns,
27ns3fF H AL, 2 MHzEL EDO#E 0 IR LJEEE B AIETH D Z &N 0ol

%6 % [SIC-JFETAA v F o VEBREZHAWIEEE—2#E] X, KigXoNA4 74 FThdH, 22
T, BRIELT A v F U 7ERZEBEOFBEMES > 7 v huey (KEKT VX V#Ez) [2E AL,
BAF U OMBEEBREITOTAERICONWTIEART, MEXNRE LI2DEm/q=4DEA 4T, FEBRSEMH
IE B KIES50.23 T, IR K= RNV F—69MeVThH o7z, KREBRIZE W TSPSIZT ¥ ¥ /LIEHZR O Hl4H o &
T AR S, SV ABEEFHEZITO 2L TSPSE /UL AEMN A EGIE SN, ZOE, BEELE
SPSIFSICNT —FT NA Z N 7OV AERE L THARATHO TA A B — M % EiE LT,

BT ISICTNNA ARy =V ORI EZOMESR~OISHER ] Tk, [FREZELE L TK
HARDONT —F T 2 — /LOBAFE & FHEME S XA #H L7 HEIMEZR DS % ORI DV Tk 7z,

REBIC, B8 E il B\ Takofismat 7z,

%5 - mCE BT, FA3C20007 & HIL30055 2 1HE¢ S H T 52, b L <ITHELB00REZ 1R H L T &,
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A novel synchrotron called an induction synchrotron (IS) was developed in 2006 in KEK. In the IS,
charged particles are accelerated by a pulse electric field driven by a switching power supply (SPS)
employing high-power and high-repetition-rate semiconductor switches. The SPS that generates high
voltage pulse is obviously one of the important apparatus in the IS system. This thesis treats on the
development of the next-generation high performance SPS utilizing SiC switching power devices.

SiC switching devices are considered to be some of the most promising candidate for next-generation
SPS, since they have inherently excellent properties in high electric fields such as durability, high-speed
switching and high-temperature resistances [Chapter 3]. Accordingly, a high-power discrete SiC-JFET
package was developed, with which successful operation at 1 kV, 27 A and 1 MHz was confirmed [Chapter
4]. Following the successful results of the device evaluation, he designed and constructed an SPS that had
H-bridge circuit topology and evaluated its performance with a dummy load and an actual acceleration cell,
where the importance of impedance matching effect was discussed [Chapter 5]

Then, developed SPS employing SiC-JFET was installed in the KEK digital accelerator system and the
ion beam acceleration experiment was conducted. As a result, successful operation was confirmed with the

experimental conditions of m/q of 4, maximum magnetic field of 0.23 T, and maximum ion energy of 6.9
MeV [Chapter 6].

For the future perspective, the development of 2" generation high power package that has 2.4 kV
voltage rating and 2 in 1 construction and the development and application of induction accelerators are
described [chapter 7].

To conclude this thesis, the results of this research would have progress and be applied to the various
kind of ring type induction accelerators that would be constructed all over the world in the near future.
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