Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

SNUFR/INIWRISAARAVH AR

PASJ2020 WEOO08

BO/NILAREHRDOIHR

EFFECT OF SHUT-OFF OF RF WINDOW BREAKDOWN DURING THE LONG-PULSE
OPERATION OF S-BAND KLYSTRON

H PR Aks, BEikal, FIE, RIS, AT, mifmhET, LA T

Toshinari Tanaka *, Takeshi Sakai, Ken Hayakawa, Yasushi Hayakawa, Yoske Sumitomo,

Yumiko Takahashi, Kyoko Nogami

Laboratory for Electron Beam Research and Application, Nihon University

Abstract

A fast klystron protective circuit from RF breakdowns was developed in 2019. With this circuit, dielectric breakdowns
that occurred at the klystron RF output window have been shut off before the end of the long RF pulse duration of 20us.
The FEL linac at Nihon University has normally operated at a maximum peak klystron output RF power of 20 MW since
2000. Though the peak power was moderate, operation of the PV-3030A3 klystrons at such a long pulse duration required
the enhancement of the vacuum pump system in the waveguide downstream of the RF output windows. Turning the
klystron modulator trigger off when an RF breakdown occurred was not effective enough to protect the RF window. In
the protective circuit, the delay times of the klystron input RF off and the klystron output RF off to the detection of a
breakdown have been estimated to be 250 ns and 400 ns, respectively, provided that a high speed RF switch of R&K is
inserted in series into the linac low power RF system. Employment of the circuit has made it possible to resume a normal
linac operation with no shutdown of the klystron power supply or the modulator trigger.
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Figure 1: Photograph of cracks found in the ceramics of
the klystron output RF windows after frequent dielectric
breakdown.
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Figure 2: RF system layout of the 125 MeV electron linac.
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Figure 3: Timing chart of the RF system.
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Figure 4: Delay time of the RF amplifier output fall to the
RF gate close in klystron #1.
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Figure 5: Delay time of the klystron output fall to the RF
amplifier output fall in klystron #2. The RF switch of
R&K was not used in this measurement, which caused
additional delays of the signals to the RF gate close by
460 ns.
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Figure 6: Detection of breakdown at the klystron #2 RF
window and termination of the RF gate by the klystron
protective circuit. The breakdown detection signal rises at
the breakdown and keeps until the end of the primary RF
gate pulse.
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Figure 7: Details of the behaviors of the signals around the
time of breakdown shown in Fig. 6.
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Figure 8: Behavior of the vacuum in the waveguide and
the klystron before (upper) and after (lower) introduction
of the klystron protection unit to the klystron #2 RF
system. The spikes in the vacuum correspond to the
breakdowns occurred at the RF window.
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Figure 9: Picture of the klystron protective circuit in use.

UPRFER Y RF B CHRENEAELI-LEIZ RF 7 —h
ZPACDHIEZATO LM IREAFED RE 7SV AIZEUT
DICE DI MGk T DR R ELTLL F O RER FF
=8 ThsH,

c BEREOHAILTETLEL, IRO RE 7SVAITZO
B AEXAI T E T UL RIEE B EIFIZHIBR T2
o BEOICHEHED RF 7SVATIE, 1 23V AFEIZ 100 ns 2
VAR ST D
- —ERE (NE V'Y ME) 77 A4 ANy @D R
—AME LT 5 & HEESFBARFO A D RF 2V AD
e % i/ IME (N ) 2y ME) ICB BRR €35

ZNHOREREIL, RF BEERS AR ICHIE = 2B VT
HAEIRE D TOBIEDOE b BB kL EBIED
SEHL, FERERRF GRS TR ER R VAT
AANaE @SS RF ZRICA A NI D rTREMEZRE T
DRI A2 CTdhDH, NIM T 2—/LDRijH /<
FIVAA T THERED ON/OFF Y0z 2N A[RE TH D,
Fio, IEE R CRAE U EIC IS E 103 gL
72BRIZh, RF BOELFRRRICEET 2L, FilaE
AR =T R — VIR L QOB RSB D R —T
RN DORIEE 52 AT 50 Fblii 2 Thd,

S5H|Z, RF EHCERCE N & NEZE N B L, K
@ RF 7 VVAETICA 4 EIE L7205 73 %< $klmlo
2NV ANZTE S THUBE DSk T DR J o, — B
HENLELE—EOEOIERIL RF 7 —h UL AZ(E
I HREREL . B A Gt ek T D BE A R o 7
BAND NIM E22— L5 P CTh o,

Nz T, RF BB RF LA D726 N
HE T —AOBEMENHD T HILET2—F —DF]
el iob\TTET~5’75§%%3%L%>:&%3&U6%
FEWHAHY, RF 7SIV AENIEF HvE 22— —DHlE
[RETHY AT L, X RE 7 — gD ZE # iy :,taa

v —2NE A | E8E 35 R O A R
Do

7. FEH
754 2kay RE A ZEOBEICLOREIETRL .

PASJ2020 WEOO08

NHSEHA T [EE R L T8, iEA 52
LT/ ULAWIZEBWT RF B EIESED7T7 (A
MR A OP 7o 7L TTL THRUYEL NIM £¥2—
JAEL T RE RICHLAIAAT, BRI 7 A4 AR
71 RF B E OB 2 D 5 EE > TD T,
TCEE AR DR H E T OBRIERFE]IX 300~400 ns &<,
*ﬁﬁjﬁ{k‘ T EORMPEH S, — 5, (R#ER Tk

AL TH D RF IR 1S LT E CORIE
REf, e OV A A e ) HME T2 ETORIERE
M, FEHBAECGE S E i RF Ay FOEINZLD
RF 7/ #1A1TH & F 3 U4 250 ns. K& 1Y 400 ns
ERELONTZ, SHIZ7TA AN AR R ORERE B
Iz Hefig vh -, Nz CHFRIFIH 2 — Y — LR~ D E
ZX DT DV AT WS % RETT 5T E ThD,

SE X

[1] T. Tanaka et al., “Improvement of the long pulse operation
of the FEL linac at Nihon University”, in Proc. APAC’01,
Beijing, China, September 2001, pp. 742-745.

[2] S. Anami et al., “J-PARC linac low level RF control”, in Proc.
1st Annual Meeting of Particle Accelerator Society of Japan,
August 4-6, 2004, Funabashi, Japan, pp. 296-298.

[3] L.Butkowski, V. Vogel, H. Schlarb, “Klystron measurement
and protection system for XFEL on the MTCA.4
architecture”, in Proc. ICALEPCS2013, San Francisco, CA,
USA, October 5-11, 2013, pp. 937-939.

[4] ML, T TS 51 %7 L AP — WEBIT
B9 HF%E”, &L, HARRFERFEEE ¥ 5eE,
2005.

-55-



