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Resonance Point Tracking Control in High Step-Up Isolated DC-DC Converter
with 5-Stage Cockcroft-Walton Circuit

Takumi Yasuda*, Student Member, Masataka Minami**®, Member, Shin-ichi Motegi**, Member,
Masakazu Michihira™, Member
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At present, it has become necessary to reduce the size of electron beam irradiation devices, which are utilized in

many industries. This paper investigates a high step-up isolated DC-DC converter. This converter has the

5-stage

Cockcroft-Walton circuit with an inductor in the secondary side. The inductor prevents a drastic changes in the trans-

former current and produces peak value of the output voltage with the LC resonance of the secondary side. In this

paper, resonance point tracking control is proposed for the converter. The proposed control utilizes the LC resonance

characteristics of the converter. The LC resonance in the secondary side is tracked by the proposed control regardless

of load change. Therefore, the distortion of the transformer current is suppressed and the peak value of the output

voltage is maintained by the resonance point tracking control.

In addition, the validity of the proposed control is

experimentally verified by demonstrating its transient behavior under load fluctuation.
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Fig. 1. Conventional high step-up DC-DC converter in
electron beam irradiation device.
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Fig.2. Proposed high step-up DC-DC converter.
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Fig.3. Experimental proposed circuit.
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Fig.4. 5-Stage Cockcroft-Walton circuit with inductor.
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Table 1. Experimental parameters in Fig. 3. 300 4—— L
] 1MQ =}
Input voltage Vi 15V 2501 . . 100k @ F
SiC MOSFET SCT2120AF (650 V,29 A) = ] u | r
% 200 - 22k} 41
Gate driver Si8237, Silicon Labs %0 ® ® ® n
= mgReo ¢ g 10k vi
Transformer| Lp,Ls |Lp=Ls=46.3uH (1: 1) 2 150 ® . 7
k=098, FT-114 #77 5 19® Laa, n
2,100 1 > A A e
Inductor L 15.6 uH, FT-50 #43 = ] a vYVYY .y L A N =
Capacitor|Cy, ..., C1o |4700 pF, 400 V o 50 1% vy Yw v A“
SiC SBD|Dy, ..., D;p|SCS105KG (1.2kV,5A) ] vy

Smoothing capacitor 0.2 uF,630V

DILFCD BRI EIN TV D,

FZHEOIIFig 4 \RT X HICCW Bl & BN A > 72
¥ LaifA L CEEEEES S5 2 & TCW [AHOSH%
'L LC RS, MOEED R CW [ O FIARH J 7
LD B RAIEEWLIZL2, Fig.4 1277 1]
¥, 45275 L& CW ROz =% FH L7165
IR T N— 5 PDOFEMFIFUL 72 DTH 5,

F72, WEDT A KNV FE v v THEROFEREIE,
SiC SBD (Schottky Barrier Diode) % f\v27- CW [H]#% 2542
FENTWDL®, SICSBD # M5 Z & CHEEHEIZL 5%
BAHHIL, CW HEROWHIEEZ AT 52 L5 TE %,
FHE 51X SICSBD # W/ CW m%IcbAH L, Si & A
F— FEFBRICCW R E BTN A 77 Y ZffiAT A C
ETHDEEN EAT LI L ZmL72M,

CW [0l 3 & A DC-DC 2 > /3 — & ORI v
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A EEEL72D, T—A I NN—%%2FHLY 1
FMTLC HIREH N/ D 52O QTR TbNIT
W5,
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MOSFET 2°ON ¥ % &, hJ YA 1 REHE vp VEIHE
JE Vi &% 0, NI YRADRIREA © ¥ 7 ZICT RV F =A%
HrioNb, —HT, VI UA2RKEF v I2d TINEICE
HEILE Vin BRET S, D720, 2RKEI®EDA > 57 5 L
A L7 CW EIEKIE, 8 FD Y A 4 — F Dy, D;,...,Dy
PHEET A L THEEDI Y FUH Cy,Cy, ..., Co I8
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KIZMOSFET 2SOFF §4 &, TV ADhEA v 57
FIZEZ LN AT =22 KA s 5, bT >
A2 REHE vs V& B &S5 L, Fig. 3 1281 2108 &F D
¥ A% — R Dy, Dy,....,Dig DEET H 2 & THEFED T~
T Cy, Cy,...,Cro B L VBEMNEMOVBET S,

ZOLE, A5y LITEis OFbx ke iz L,
¥ A — FoE@EfE KT AR FOW, 72, 4
¥ 5 LA CW Dl D&fiizse & LC Hiikd 5 2 & Tk
R 2oN—=% OEP L2 2 D, 18R CW g% H
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Fig.5. Frequency characteristics of output voltage in
proposed circuit.
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Fig.6. Transformer voltage and current waveforms in
proposed circuit with 100kQ at 0.8 MHz.
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Fig.7. Transformer voltage and current waveforms
in proposed circuit with 100kQ at 1.1 MHz.
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BeB7d, MT YA LRERL op (TEIFEE Vi 25EIIN
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7% L & CW Oz & 10Cr & O IR P E T HRE)
LTWh, ZO/REE, 0.5us 75 2 KB is 13I8 L
Twh, L2»L, MOSFET #% —>F 744 EL T2 22
REE vs DR L, 2 KB is (IBMT 5, ZD7280, b
T VA2 KRB is BEWIIELL TV D, FERIZ, FT ¥
ARG ip 12D 2L BROZE(LH AL T 5, Fig.6
WCHONB L)% NIV AET ip BEL W is DAWREA
G/ AZXDERERY, 7= FIANIEES L et
Wb,

KU, Fig. 7 \[ZIREME 2 AMHEL R = 100kQ, FEHEL
1.IMHz TEIESE /280 h 5 v ABEB L OEREE Y
AT Fig. 5 1I2BWT, ZOEMFERORENBEOLTIET
Vou W TE—=271fliE % %, Fig. 7 12BWT, K4 0.54us |12
MOSFET 3% — >4 7 L TW5h, ZD78, TOLED
Duty F13#) 58.7% & % V), Duty ' 50% & ) K&\, Fig.6
ERIBEDERICE > TE = F TIZENDPEL TWETD
Thb, ZOL E, Fig.6 1238175 MOSFET D% — > F 7
BRiclbic L C, N9 v A LKRER ip BLO 2 KEi is °
BRPIEBLLTWAE, TOXI B FT LV ABROVTH
OHNHNIE, MOSFET DA A v F > 7RI EAY 2 KA D
AR ELL LT BBV THER SN2 L2
T, MOSFET ® A A v F ¥ F A% 2 Rl A >~ 5 -
5 L & CW [ DOEE & Cay & OIIRME P L TEE
SHBHTET, FTUALKRERip BLU2RER is D
S EIRT A LN TE S, 2% 0, REEKIE
WHIFRT N — 8 LEBRIC, JHREEELE D bV E R
B CEMES A 2 L3RIV EEZEZ O,

— T, REMEEI (3-2) HiTRLZ LI I MOSFET
DAA v F v TR E 2 Rl O LIER RS —HT 5
CETHNEE Vou PE—27liL b, D728, $REN
BN v AERip BLVig DOFTAEZIHI Lo>oOHS
B Vou ZIKRICT B2, £ ¥ 2% L L CW [

MR Ca & DR PILCTENES L Z LT L
Vo L72AYo T, RETIE LR L 223250 O 5 % I H
U 7z iR SB TEHIE 2 $2 553 50
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Table 2. Parameters of control circuit in Fig. 8.

Resistor | R | 10kQ
Smoothing capacitor | C4 | 0.1 uF, 50V
Voltage dividing resistor | Ry | 1 MQ
rq | 18kQ
Controller Arduino UNO
Filter capacitor | Cg | 47 uF,50 V
Filter resistor | rg | 1 kQ
VCO SN74LS624N, TI
280_\\\\\\\\ll\l\llll‘llll'2V8
2240 M; 2.4 E‘
%200 F 2.0 =
ﬁg 160 ] : 1.6 ?
120 4 F1.2
= 1 / ; %
£ 804 O 1 _Fo08 ¢
ER P utput voltage —t " &
. {p— Frequency —} 00
T L T T L T L T T L L T L L B
0.0 1.0 2.0 3.0 4.0 5.0
Time [s]
Fig.9. [Initial response of proposed circuit with control.

4. REEFROHIRERESIH

AEETIX, A ORIEIZELRZ < 2 Kalik o HLARE W £
C MOSFET # i & & % 720 O AR B HEHIH 2 2 5 5
%, Fig.3 O RmER IR BRI 2 @M L, B X
59 2 KnlEg o LS8 T MOSFET 2 8ifE & ¥ 5, %
T, RN OWIAIREEC BV TR B RERIH & By S
7oL EOWNERE L FEBOMINICE 2 BIET 5, KIS,
i 2 0] 0 SR RUBTERI 24T 20, Bl 2 2L S R 72
DMDERE & HEBROZAb 2 Bi5id 5 2 £ T2 REEED LC
HIEAHEFF SN T WD 2 & 2T 5,

(4-1) HIRFEREHHMOFR & EEREMHF LMK
VoW 3 B JeAR SUBHERIE & FEERDOZLMEIZOWTHT %,
Fig. 8 (il [l i % 4530 L /-2 R M % 7R3 il 60 [ % 1 &
B Vou 2 LR AB S5 2 L THNER
Vou DE =7 ZHiFid %0 b, MIEHE Vo DV TV %
BASREL720, WHMPEa > 723 C Z2AL T
5o MIEE Vou ZHIT Ry = IMQ & rg = 18KkQ % I\
THHEL, B TR %, filg CHRINLZEBEILR
b ltFE RO KR BIEIANER S N B I8 ) 124D
WTEMA L, £0U2IE L7l % B flE A g ke VCO
(Voltage Controlled Oscillator) ~i )3 %, VCO (&l %+
oM SN D EEAEICIL U2 B BB T 5,
7272L, VCO O3 55313 Duty H 50% Th %,
VCO D% — N FF A /3%l L C MOSFET I A1 $
%o ERBOMIIBIE Vou DE— 7 EEZMRFTHZ LT
2RMEEDA ¥ 7 & L CW RIEOEMZEE 10C A3
WML, NT A2 REI is DABRZAZIHET 5,
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Table 2 (2, Fig.8 OHIHIMIEE (2 H 7o & FE T OBt
B Rkt BT RIZ I0kQ ICEH L TWwb, F72, #l
HEFIZ V72 Arduino UNO (2 /125 PWM IRIECTH 5 72
WD, rg & CRIZL B RCO—ISAT A VE % HWCHEREE
WL, VCONHENLTw5h, Ao BTk
Arduino UNO 3 X " VCO 12X 5T 10ms Z & 12 1kHz @
B OB & 5.2 TWwb,

(4-2) HIRFEREFIHOEBFRIE  ARETHE, %
0] 8% 1238 H 3 % AR RUBHERI O R R EREET 5. $7,
Fig. 8 IZBWTAA v F SW % Bl L 72 IRAE C il [l #% |2
LB E B L, WIEE Vou 2 — 7 IR T
52 LRRT, RIS, MERBEIEEIRETAL v SW
TRAET A TRMAR 2L, ToL EOMTEE
Vou & AA v F 2 T REEE DR MZA 2 Bl T %,

(4-2-1) REEBROMEILE  RENKOL ) ETE
Vou 730V OIARFED & R 2 B E S &, B Vou & JH
BROEG ZBET L, 72770, AL vF SWIZHKRL T
W5,

Fig. 9 [ZMIEE Vou & FEBOMBISE 2R T, 7272
L, FREBUIRIEEGEO B IE T2 5 BENICEHE L2 0
Thb, HlEHZHIFL0.0s TEMESETWD, BT
BB 2.4 MHz 7> 5 EARIIZHEA L, # 1.2 MHz (2GR
LTwb, 20L&, WHERE Vo ZEEROZINE-
THANL, 245V IZPURLTWw 5, 213 Fig. 5 O &K
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