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Abstract

Research for the generation of high power microwave , Virtual cathode oscillator (Vircator) operated by “ETIGO-IV”
has been studied. The purpose of this research is to elucidate the microwave generation mechanism in the Vircator. A
shunt for measuring the downstream electron beam in the Vircator was fabricated. Behavior of the electron beam when
oscillating was confirmed by measuring the electron beam current in the beam traveling direction and the divergent
electron beam current using a cup. The microwave was generated 30 ns after the rise of the upstream current. At that time,
it was confirmed experimentally that the electrons in the downstream electron beam were reflected and decreased by the

virtual cathode.
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Figure 1: Principle of Virtual cathode oscillator.
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Figure 4: Repetitive pulsed-power generator “ETIGO-IV”.

Figure 2: Electron beam shunt.
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Figure 3: Equivalent circuit of electron beam shunt. Rogowski coil
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32 RERERE Figure 5: Schematic structure of Virtual cathode oscillator

ARHFZEClEdE iR L SV 280 — 3% A4 and electron beam shunt.
“ETIGO-IV"Z FlW CIAR 2 AR IR &R A B ES /T D,
(Figure 4 ZMR)ERKEE 400 kV, ERER 13 kA, 73 50 AL .
JVAIE 120 ns | #0IRL=E 1 Hz THD[3].

“ETIGO-IV” D Hi J7 ¥ |2 3% & 3 DA AR PR A FE dR g &
g ORERE X% Figure 5 (29, Y —RIXEE 12
cm DAT L AAMED FIZEEE 10 cm O~ L_y T
REVREERTHEEL WD, T/ —RIZAT LA
Ay 2 (FEFEK 65.8 %) & MPRICEI Wb DEY
RO E B> THEELIbDEEM T2, 7 /—K
Y —RX¥¥v 71X 21 mm THD,

BB OB, Bk EROE £ — AL “ETIGO-1IV”
AEORESEIRERT AT —a (V| FiiOETE— -350 — -14
LI TEEE AW THEEZITY, ZNENDE 5 IXH
iy r— 7 V&L TA v e Aa— 7 (Lecroy WavePro
760Zi) - CTRUHIT 5,

~A e E BT 5854 Figure 5 D5yt ass Sl
T UV AR Z T S RE (A 21 em, RS 1
mICE 5, BAELZ~A7aiITHAENS 2.5 m
BN AL ICRR B LIz — T T iR 1.72-2.61
GHz) T/ L& JE ¥ —7 /L (TOTOKU, TCF500).
TRl %5 (Anritsu 75N50B) &/ L CA v m Az — 7" CHLHI

Voltage [kV]
Current [kA]

Microwave power [a.u.]

é‘i’béo ﬂ<j‘/7‘i?ﬂ‘&i§?ﬂi%@£ﬁ%0" LB 4100 -50 0 %?me[}g? 150 200 250
D 20° ONLEISRES D, Figure 6: The typical experiment result. (Top: Diode

voltage and Diode current. Bottom: Microwave power.)

- 983 -



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

PASJ2017 WEP057

4. RERFER

4.1 BRI 7 FEBRGRE

Figure 6 |Z“ETIGO-IV? D #iAI {723 1 — L4 A
F—ROBEE - BIREEL~A 7R OE K%
757 JOELEOR KT 300 kV, RO K KMEIT
11 KA, ~A 7O’ —27FE1THK 60 MW, Zh=RI%
1.9 % ThoTe, AT ERDNS LK)
30 ns &2 0B EsB,
42 B —LELTIT R OB AT E

B — LTl r2at — AT B ST

O TFTHROEBEB AL —L2ERENE L, 7T /—K-aL/
&ﬂww Z 10 mm 75 100 mm £ CHEERAIC (L SE
72556 D53 s DRI % Figure 7 (R4, X,
%\7/ K-z 7XX vy 728005 E ik KIE
(“ETIGO-IV” 3 vav hCOMuxHIE D F-H))% Figure 8 |12
R, ZZ2T70 mm” DL 7/ —R-aLsEX ey
72310 mm CO’ETIGO-IV“AIRKDO T AX—aA /L CH|
ESIIZ GG LD E 78— LB Th D, Flgure 71z
BWTCT /) —RF-aL 74Xy 773 70 mm OEFZEFHN
HHEET ER>TOLRBITBEAI L TOD DR
MRS, B DS SN2 RIBL TV E
2 5H15[4], Figure 8 75, 10 mm 7>5 40 mm DOf# T
BIRNEALLIRNWDIET ) —R Ay abal v 2% [6E
NEDIAT MR E 72 LT3 6 BliGn B EMmEEEED 2
LN EZATITRAB R TE LSRN 2D Th
HEEZHND, 2V Figure 7 OFE R A A CHIE O
(D72 NZEDB5 D35, 50 mm ,60 mm CTEIR DD )
E%ﬂéf)‘(ﬂ?ﬁ§@w1b75>ﬁ%<iib\:kﬁ DEFE—L
DOBECEBRICEIDREIZIVE =D —HnaL s\
élt%fﬁﬁ)otf:&)’f&pékﬁﬂbﬂé 70 mm LA T

Y — ADOFBEAEEGIE U ED BT D K ST
JVEFE—LBRPEADTHEEZLIND, 0 mm D
10 mm DORILEFE—L0T /—KRAyazi@iEd5
BRZAY Y 2 DB RIZL > TV T2LDTHLHEE X
Y AVR

1
0
I k
f—|-2 i
=Ry
g
-4 r
=
]
5 k ]
40 mm
-6 —50mm -
—60 mm
-7 F o —70 mm A
-8 L L s L L L
-100 -50 0 50 100 150 200 250

Time [ns]
Figure 7: Waveform of downstream to beam progression
direction.
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Figure 8: The current distribution to beam progression

direction.
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Figure 9: Appearance
divergence beam.
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Figure 10: Waveform of downstream to divergence beam.
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Figure 11: Time relationship between electron beam and
microwave. (Top: Upstream and downstream current.
Bottom: Microwave.)
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