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Abstract

In recent years, the increase in the withstand voltage of semiconductor switch elements has led to the development of
high-voltage semiconductor switch devices composed of stacked PCBs, in which plural semiconductor elements are
connected in series. Since each stage of the stacked PCB floats at a high potential, the power feeding to the control circuit
is generally insulated from the grounded external power supply. However, feeding power to control circuits floating at
several tens of kV or higher has difficult problems such as partial discharge, deterioration of insulator, and failure of
electronic components due to intense noise. As a solution to these problems, we have developed a self-powered DC/DC
convertor PCBs that is connected in parallel with each stage of the semiconductor switch PCBs and supplies control
power by shunting from the main circuit to be switched on. Size of the PCB is 150 x 85 mm, and the input voltage range
is 1.0 to 3.0 kV. The maximum output power is 10 W at a constant voltage regardless of the input voltage. It also has a
function to output gate signals from optical-fiber input. In the Research Laboratory for Quantum-Beam Science,
SANKEN, Osaka University, the 10 PCBs were installed in a 10-stage semiconductor switch, and it was confirmed that
the circuit can switch about 20 kV at a rate of 10 Hz as replacement of a thyratron. The total operation time has exceeded
370 hours up to now.
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Figure 1: Power supply method for the control circuits.
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Figure 2: Wave models of Input current(I;y) vs. Input voltage(Viy) characteristics of DC/DC convertor.
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Figure 3: Circuit of self-powered DC/DC convertor.
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Figure 4: Appearance of the designed PCB.

Table 1: Specification of the PCB

Parameter Contents
Input 1.0~3.0kV, 10~12 mA
3W,5Vx2
Output 1W,5Vxl
Efficiency Approx. 28 % (Load: 90 % of rating)
Error detection | Has 2 TTL line
Input signal Duplex optical communication
Output signal Same-timing 2 TTL line

Connector for FET

Heat sink

Self-powered board

Figure 5: Mounting example of the PCB and FETs on the
heat sink.

-V 5D 7 77 13%R 35, HOITREEHRD 3 W, 5V
EFRE 2 O, VY —MezEABL =T —EE5%ZEHD
1 W, 5V EIRAHEET 2, 53R Vi IERBIL TR T
L. IEHI 28 % THD, OFD, H OB FET 1%
Vin DE WG B ICEBNKEBHADB S I D, PR
DB TIT P ER AL F e — o ZITBROAT
77 TR ZE R Z AT TN D, ATz AF LT
FET Zb—hs o7 BIZHMHT L, FET SHetEidaxrs
2T LT=(Fig. 5), T O, FARIZIT =7 —f HineE
DBV, Lok 2 D7 — N ERNED TTL E 5% 25F o

IR TR LR TN D, F—MEBII T M7 7 A
NRTASL, F—b 1L TTL TRIZAIL T D 2 (B 5
A ENENUURIET D,

BEBEDS T ERMTBORT L arA—2 TR
ST DMEN DD, Fo, RIS TIHE LR
%, 7 —NERA~FREIMTOND TR D)5,

PLEDS, IIVER., mEEROE I ORE ., %
FET O DOFKI 2 7= 9 -8R AAL » F IR D I
AR Z IS T AN TESD, 8B 0 E ik
VLl B RS A X[ FETH D,

4. HERAE

ARBHFEOBHINX -V FHEICIEOEE 2 F-E52 8
2otz ToTI0 D EMUZHWT, Affa EBRD 7 —
MR 2 #eE U TEBINC 0~2.5 kV ZHIINL ., Z DD A
TV Ln v MEHL 100 Q THIEL., [V a3
42, 22T, 1, VIL Fig. 3 D I, VinZ7mL, HIELZ
DOFEFTTIT, 728, 10 DA F TR X
OV RO BB 25 LRI CIZR2 D IO ITHHFEL T
OIIEAETT -T2, BB 10 KA EINEEL ., EEED
BT T2 SRR TR B DB AR E 35,

5. #ER: I-VHEESIUHEDRE

10 Kz {ER1 D 1-V FitE% Fig. 6 (TR,

R TEH 700 V ETLOEUINL TV~ T2 iR EER [
[1BITKIEIE Vie 2 BT CGREEZIT 7203, T Th
I-V $5ERN B O IEOEEZFFOZ L2 MR T 5280
T&ETz, £z, D FFENERDIICHIEL -0
S A N 10 OFHEIIIEF IS~ THL D LS
7oo 728 A v F 7 BAAATEITEIL 900~910 V 7257,

WIZ, 10 BERE AR A 18R A A TR IR D TR 1
HHIA Zx(Fig. 7). #9 20 kV, 10 Hz TH ALK OB D
Sy FEZE L7245 % Fig. 8 IR,

BESHIL 3 RKOEETT—7TFH 3 BH.6 B
H,10 BsH D 3 jiARIE L, FEECTOBETENETN
BLZ 6KV, 12kV,20kV THY . N Bt HOEED 2 [kV/
B x N [BEH &R TWNDIER D, 220, 77E
IS THDLLHIM LT, 10 BT 10 KV ZFIINL C2EH)
T1ETHOMELI-ZEL B0, I K THLDEE LD 7=
IEEE VTR EY, SEMICEHOTFRANOEIE T
BHDBZENTTD T,

5T, 2021 4F 6 A 1A 7 A RKETT, HRiEls
REIE 370 KT LA A GRSk L QDT EMD, 7 — AR
OB BN LEL TITRHZEN R KT,

6. fHm-EBE

ABHFE D BHIX, 2B A ERRCHERAL YT D
7 —NEIEE OB LR EFIEEIRE T 2L, BLY
FDOEBDI=HIZ DC/DC mo N —Z A E [ LT
BT ESNA LD, [V BRI EDEE R85
ZEE o7,

B % - 3BR O JL | & T I EIES . E B R A
HAA DT RIEAF AL TEBEEE O -V BRI E
DR EZ =B 52 LI L, EAIEERED 43 £ 23
BN DI AR FEFELT-, L CEALOMIE IRV T
B EEREE] 370 BRI L B O Z &L CEiET228%

824 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 11, 2021, Takasaki, Japan

Tin [mA]
o
O

0 500 1000 1500 2000
Vin [V]

ONo.l ONo.2 No3 No4 ~No.5 ONo.6 [No.7 ONo.8 ANo.9 =No.10

Figure 6: lis-Vin Characteristics of the 10 PCBs.
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Figure 7: Mounting of the 10 PCBs on the 10-stages
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Figure 8 :
semiconductor switch P.S. Green: Output voltage at 10th
from lowest stage, Yellow: 6th stage, Red: 3rd stage.
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