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Abstract

A new pulse power supply applying a SiC-MOSFET to LTD (Linear Transformer Drivers) circuit has been developed.
This LTD has a circuit configuration in which multiple SiC-MOSFETs and large capacity capacitors are multiplexed in
series-parallel with one circuit board. By using the power supply units of the LTD modules adopting a multistage
hierarchical structure in parallel, the specification of the J-PARC RCS kicker power supply with a voltage of 40 kV, a
current of 4 kA and a rectangular wave pulse width of 1500 ns is satisfied. Furthermore, by providing an absorption circuit
in the LTD circuit, it is possible to configure a compact power supply without the thyratron switch, the PFN cables and
the end clipper. Moreover, by adding a plurality of correction boards of 40 V and arbitrarily setting the operation trigger
of the board, 0.1 % flatness correction is also possible. In this paper, the results of the preliminary test with the maximum

output of 4 kV / 2 kA are presented.

1. [EC®HIZ

IR, R 2 FEBL L7 R AR ST — i Rk oD —
DT SiC-MOSFET % IV Hi LV L R E OB
HKEITH>TND, ZOVAER L, EE oD Sic-
MOSFET ERE & T 0% 1 MLOFEMR Tzl
(2% E{b L7z LTD(Linear Transformer Drivers)[ml#5[1]
(F¥a—/) THEET D, 17775 800 V/2 KA D EHAR
50 AL 40 V/I2 kA OFFFEI 20 Bra 512 Be CREfE L7z
BT =y MR L BIC, ZhalsIcsEmp L <. J-
PARC(Japan Proton Accelerator Research Complex)[ ]
RCS(Rapid Cycling Synchrotron)[3] ® &% v 71 — & Ji
[4][SIIC L BEZRFEE 40 kV., BT 4 KA, BT S L A
1500 ns DHIF1E, £0.1 %D EIEW T REZ FTHEE T 5,
F7o, FREROMBIREICIT, FET AAvF Lhidsz A
7o RO B W TS AL A A T, ZAUC KD AT Ry
AA T, PFN(Pulse forming network)7—=>7 /L, = K7
Uy _OiREZ LTD [ THEBLT L, 207D, Bl
J1—EPRE L T E O Fb e a s T MEnHIFF
TED, B GFHE T B ORE ROV TIRE T 5,

2. RCS *vyh—%E

RCS T, 3 GeV (TSN — 2% WD
AR ERIENA LSBT IV ABIR A S YT
8 BDVATLATE —LEEYHL WD, Al
B —EBRAT, BRSNS 2 fFOE
/&ﬁ/fﬁmﬁﬁﬁz%%%iﬁ“‘é 2V ABEIRIE . AR

BREAITHIS LT 2 fH L AH DB A 2 TEY.

1 A4 720, FEEEE 80 kv, HH/IEF 4 kKA, 7LA
8 1.3 psec, 25 Hz O TBHEETH, AT 1T, e2v
DY AT (CX1193C) &L TW5,

# tomohiro.takayanagi@j-parc.jp

R AT AT, FEHRZBAAL THH 10 2 R0E L7
RN _@ﬂ;ﬁfﬁ Y AT O AL F OFHIEFIEEZTESLT
BT DI A B0 L T& T2, TLUTC, MENL LT-HE
FE BLRIE[6]-[8IIC LD v —EIR DO 1L (RCS
bﬂ@%%@f% EHAIRE I (25 LTy o — IR YRR TN

SRMME I U7-BE R OEIE) 23, 2009 4D 13 %D
0.2 YUE T L. AT ey ALy F %R A L3 B0
E LA =N Y bl L Byl

UL, ZOHEFFEE TEIL, T8 ClitE £ BRIz
ERLTHEEALIZ AT st L, BIROAA T LL
T4 2R, 1AM 720 35 Bfoar 5 (ia
=V TRV A, B, IEZSOE I L, 24
H#F'ﬂ@%ﬁfﬁ%%bmﬂzﬁﬁ B _R— AT, AT hnm
DLV T EEBE MG B ITo TV, *j‘/l’7H1/
DX FEa L, HERFE BETFIEDMENL 2 R1IE 3,000 KE
MREChoTob, 1 2l THATHIENTE
o7z IR ZROEEIZAERTK 5,500 FFR) , MERHE PR
TFIEDHENL UT-BAE LT, %) 10,000 BEEL f;omi\
JRIRARBH T8R4 H CERIR b FR MBI IS TH
FAET 5, 10,000 FEEFEH TE7215456 T, 1\2 J*:E'C“O)
RN T2 D, RCS Tl —V AT LT, W 16
BV AT L B e 5% FHYEOTE AR L
R IEIR B0, 22 E LT N 2E iR A {35120
AR R YANDEEE L AT ey OLEBEOHEER
BETHY, T = T arm RN EL D,

3. %ﬁ/{))bx%é:l'\

3.1 nXqu‘fj:*%
/IELﬁ@%ﬁﬁﬁ)%fﬁkﬁ‘/:‘/ﬁﬂ}(]\%fﬁffﬁj—é%\
AT R AL T ZAE AT, ZEM. FHEME, AT

FU AN (B F )JEW‘L#%ﬂwa%%ﬁHu\@sﬁb
VWL AEIRZ BT 5, FrEIRIL, E AR T L

-45 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

PASJ2017 TUOMO1

HEEEEERKAHAS DY o mERE - KEROWK
e, F A =2 — ORI AT fEZ: LTD [A]
B[22 _R—R T F L=, LTD [\, Fat BIzEe sl
T HNSEARIR E DR S O HNE A 03 Z L CTEI
WXL, B 2—/UALLT= LTD [B]#EEA A B A2
I BT =PRI H LTRSS TED,

LTD [BI8&E A LIz UL AER %A RCS ¥ —&
TRELTHERT57DICH B e85k % Table 1 1237,
F-, OV AEIRO TR AL FICEED D,

Table 1: New Power Supply Specifications

Max output voltage 40 kV

Max output current 4 kA
Withstand voltage for reflected wave  +40 kV
Pulse width of the output waveform 1500 ns

Rise time of the rectangular wave Under 250 ns

Flat top accuracy (Target value) 1.0 %(x0.5 %)

Repetition frequency 25Hz
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Table 2: SiC-MOSFET Specifications

Drain - Source Voltage(Vpss) 1200V
ON-Resistance (Typ.)(Rps(on)) 30 mQ
Pulsed Drain Current (Ip pulse) 180 A

Junction Temperature (T)) 175 °C
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Figure 1: Picture of the main LTD module.
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Figure 2: Basic circuit of the main LTD module.
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Figure 3: Basic circuit of the correction LTD module.
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Figure 4: Measurement result of the output voltage wave-
form at one main LTD module.
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Figure 5: Block Diagram of test power supply unit. It has a
hierarchical structure in which 5 main modules and 4
correction modules are connected in series. The 400 mm in
width, 430 mm in depth and 365 mm in height.
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Figure 7: Measurement result of the output voltage wave-
form before correction adjustment.
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Figure 8: Measurement result of the output voltage wave-
form after correction adjustment.
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Figure 10: Absorption circuit test circuit.

©| @

Absorption rcsistancc(O.4Q)/

5.00v/ 5.0v/ 4 1.500% 1.0003/ L33

Absorption voltage ov AC voltage

ALAlL A A
W ANTALNI
P ]
IRINER
L [ [
v V V \ \ﬂ
Figure 11: Measurement result of the terminal voltage
when the absorption circuit SiIC-MOSFET was turned off.
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Figure 12: Measurement result of the terminal voltage
when the absorption circuit SiC-MOSFET was turned on.
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Figure 13: Measurement result using coaxial cable load
with terminated short circuit.
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Table 3: Comparison between Design Value and
Measurement Result

Contents Design value ~ Measurement result
Output voltage 4.00 kV 3.77kV
Output current 2.00 kA 1.68 kA
Short circuit current 4.00 kA 3.38 kA
Rise time Under 250 ns 166 ns (10%-90%)
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the 25 Hz operation.
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