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Abstract

We have developed a compact and fast pulsed power supply system using in a fast kicker magnet system which is
applied to suppress the perturbation of stored beam at injection to SPring-8 storage ring and to generate short pulsed
synchrotron radiation in the SPring-8 storage ring. In this power supply system, we need a special specification to
realize rapidity and high power output with compact system volume. We employed the system design to separate the
output part from other components of the power supply system in order to place it near a beam pipe of the storage ring.
By the employment of this system arrangement, it becomes easier not only to reduce the inductance to achieve above
request specifications, but also to protect the main power supply components from radiation damage by placing them
outside of the accelerator tunnel. We have employed Si Power MOSFETs as switching devices in the output part of the
power supply system. By placing the output part beside of the beam pipe, the life of power MOSFETSs naturally
becomes to be affected an influence of the radiation. We assessed radiation damage for Si and SiC Power MOSFETs
used in the actual operating system. Based on experimental results, we will discuss about the suitable switching device

for our next generation power supply system from the point of view of Total Ionizing Dose (TID) effects.

1. FL®HIC

SPring-8 &Y > 7 Tlx, AFREOERE— LK
SEAREIHNHI O 72D D L A %y =0T KR
BNV AR ZE D - O FEE X v I —BNIFE
T D EEH SV ABROBRE ZHED TV DM, RER
IR & EE e, R ONKRERM &2 BRT 57
b, AN THEX v I—~7 %y O, +74b
HE— AL, TOEBIZERE LTO KT A 7R
(H1E8) OFH B L., BILOMOE 3 1L B R
BaBET DR EHY 7D b xSMTE LS IS
LTCWb, 77 4 A&MMT H~ 7 x> MEEDOMK
INAR— 2 ZEE T 5 2 L1272 b KT 4 7 HEKICE
M IR EREREOH DAL v F U THEFLE LT
T L—7 X7 mE 1000V H DV E 1200V AT
% ot JE Si A o8 U — MOSFET(Metal Oxide
Semiconductor Field Effect Transistor)Z£¢/H L T\ 5,
AR OV ZABPILBFE L PN BN T E— A hx
VNN DERE ) A X2k > Tol X = &h 5 EKH
FEIC & 580 —MOSFET i, v — 31 7
W RTA TR, ZOBKERTHDIAL v TF 7
FFD/XT —MOSFET Z#FRET 25 Z &1 X 2 i
Hk & HER S DS RS S B LTl | iH
REICEX->TIFBLEVWOIEEMTHDLZ Lo
T2, Ak A K& m) B SO, ik
SR A R A UG BOX O A% 2 LV 2014 4ED
4 ClE, SPring-8 T — W —IElizREZ 3 4 A LU

# kkoba@spring8.or.jp

FoFmEER L TWD, 5%, BERsEbFmibs
Hfs 372012t VA7 AR EH 25 R O i
FEE 2588 T 72T —MOSFET (22T % Dffif
MEHERLTCB ZEFEETHD, £, TFEE
PEDSBHAA S AU Si B 28 SHERES IR S LD Sic BN
7 —MOSFET ~OBAT LM L TWDH DT, BIfEfE
HALTWD Si R EZRGTL TW5d SiC o4
/XU —MOSFET O #E, Z 2Tl h—% Lo
X MRS T X 53U —MOSFET O B 58 EED
BAb T L=, ZORERE LT SiC B Si izt
N0 fFL ED =% F—X (TID) [tttz H+5
A REMEDSIRIR X U7,

2. FEAERTNA RDOWMEGHRES SR
HAERIZKF USRI IR S d E 2oL L
T, FRRAR BTV,
A) FERT DHES O TR N F O TALE D DN
L RMams 3844 5 85
B) MO T R X —IC LV BEMAFAET
% (FERE) B
/X7 —MOSFET (2B W CIT SRR O R L L
T, BEEHERA IR STV DR, Si0/Si A<
PR LI R BT DS il S el . EORER L & VWME
TEIE (Vth) OEN, A7) — 7 B R, b
FRAVEITE L ADK T ELELT h—F L
F—X (TID) #h8B, 1 SOERFNAHTH Z &
THIEREZENAV VI NARY FR=0T 7 b
(SEB) R v I N ARy WP — KT TFF v —
(SEGR) &N mbn<T\5, A, EMY v 7k

- 677 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

PASJ2014-SAP069

VAIVNICERE LIZEBIRO R T A ZREIBKICFEE LT
W5 /3T —MOSFET (Zxf LEEEIZ Z »TWD &5
Z 65 TID ZhFiz>W\WT, BIFEFEMAF O Si Ak
ORI o SiC B ZnE x4 2 528 % 5FM
L7,

3. HERT/NAREX BB AE

X MR STEAER 2 3266 L 723U —MOSFET @ 7241
k% Table.l (279, A(SIEBUEERIC B — AiElR
WAL TWaERICHWTWS Si ! MOSFET
(Vdss=1200V) E[Rl—A—H—DHL DT Vdss M
1000V O 1D, B(SiC) & C(SIONTA % OB & Fit
LTW5 SiC HOT A ATHDH, EBEOBERTIX
INBENRZLAL LI T L+ ) TIUCEE
L, 2T o HICERB LI EM N N U T—IZ
YA~ 2y N THD A VIZEERIIHET S
TODAL v F U TR AFELTHERHL, =27 HH
B E LTHE ADOH N EETWAEEL

TR R D R 2 KRR CHER T D 701
PRI AR & U8R, BB, v R,
X BERHDHN, BIE—LAFZLEEL TS X
NNTOREEL LT, T X BRBEHICE20R%
A L7, REHZ AW 225 13 SPring-8 A RN
AL TFIETIC o 2 A EE L BV 528 T
T, Z OB ITRHNMEIZB T Si TR L
0.091[Gy/sec]® R—X L — s RGN D, —J., &
FEY 7 PR VNI EBRICHRE L2 ERICB N T
K Z A 7 a2 W L 7= Ef BOX N TH 77 1
2T T b E AW RERERAM A B — AR
FICAT o2/ R, R AKDODRF—X1L—FE LT
1.7[Gy/day] (ZE5HaE) NELNTWA, R
FREBEAZFA L, Si (T 5 R— X 8% BEHEEO
Mo # — % v "2 bHbDT X LX—Th5hH
17.5keV/19.6keV THE L7 R—XL— b2, &
FEU 7 bR VNOFEBEORRE S TRk 700 H
~1300 HAHY L7025 X BERE %2 KT 31 R1Txh L
FEhi L7z, BREHCER LTI 90 AAEY £ TIixT A
A% L Vds=500V, Vgs=0V DA T Az, £
DOHITAY T DA, EEOERE E. 2T

=GND B THEM L T\ 5,

Table 1: Specification of Devices under Test
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Figure 2: Vgs-Ids curve B(SiC).
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3.2 Vth Shift (A(Si). B(SiC). C(SiC))

Vds=Vgs & L., Ids=lmA DD Vgs(=Vds)% Vth
EEFL, BRENC =L F—X &% e R
A Vth fif 2 FEHEZ Ltvm®/7b%%7m/b
L72H D% Figure 3 1237, XA 90days, 1000days
ib N R—=XBEERANRO b RVNERE R

\CHAR L7 B — A 0ElR H MY 2R, Si BT
1290 BTV 7 FEN IV 2B 50, SiC o 2 ff
DT RA A (B, C) TiE 1000 HEZBZTHLZOD
V7 FEITIVURNTH D,

Power MOSFET

Bt 18 o
il |
> ! g b\
P 2 90 days \ A
'.5 [ \ 1000 days
= 3 —e—A(Si) |
s TR
[ \.
51 : \
10 100 1,000 10,000 100,000
TID [Gy]

Figure 3: Vth shift (Vth:=Vgs@Ids=1mA).
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Figure 4: Di connected measurement of irradiated FETs.
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Figure 6: Vth shift Si Power MOSFET in a new
protection Box.
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