Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015 WEP066

A4S AV M) HARIBADT 4 ILZDEA

DEVELOPMENT OF FILTER FOR THYRATRON TRIGGER CIRCUIT

HEfEE Y, FREMER B, TR PR SE BRI RER B
i RN AR AT A
Shingo Nakazawa®), Takahiro Inagaki®, Chikara Kondo®, Tatsuyuki Sakurai ®, Yuji Otake ®,
Kunikazu Masuda #) , Takeshi Kimura ®)
A SPring-8 Service Co., Ltd.
B RIKEN SPring-8 Center

Abstract

In the XFEL facility SACLA, more than 70 thyratrons are used as a high voltage switch device for an oil-filled line-type
modulator. Four years from the start of the SACLA’s operation has elapsed, so that failure is recently increasing around
the G1 and G2 trigger-circuit of an aged thyratron. The cause of the failure is a high-frequency surge generated at the G1
and G2. The huge surge with a voltage of several kV hits and breaks parts, such as a surge absorption diode in the circuit.
To mitigate harmful effects form the surge to the parts, we focused on the frequency difference of 40MHz between the
Gl and G2 trigger-signal and the surge. They can be separated in the frequency domain, because of the frequency
difference. A filter circuit is designed and added to the G1 and G2 circuit and successfully separates the trigger signal and
the surge. The role of the filter circuit is to absorb the high-frequency surge from the thyratron and to conversely transmit
the trigger signal form the circuit. In a test, the filter circuit effectively absorbs the surge and reduces its voltage from
4kV to 1.4kV. We finally confirm the TVS diode dose not suffer from any harmful effects by the surge.
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Figure 1: Block diagram of the klystron modulator for SACLA and its thyratron trigger circuit.

634 -



Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

MO A 7T, ZOFEY a2 L—FEJRIL, PFN A
o a T oIk K 50kV TREIN-EM Y
A£Z7 b arTASL v F o7, ELERE LA
%wab7xxziofﬂfbfﬂ74xbm/
IR L Tng, ZokE, A7 hera@md b
2OV A BRI ENE TR 4.5 1 s, BIIE SkA 1T
%o SACLA OFY = L—XEJRCiL, £IZ E2V #
i CX1836 #FHLTWD, ZOH AT hrit3
BEoarvitae—n7 0y REFEEL, 7Y v RIZhY
HELTEELE SVVAZHNIT 5 Z &Ik &R
eLnsn, B

22 77Uy R EU TV AOFEM

77U v REEEVH b U T30 2% E2V 4Ll
MA2709A KU B A5 ATCERIN, e sh T
W2, MIHVRT A, FinboZA I 0715
FEZT5HE GLIZS00VT50ns D7 L MY AT
5, 2k, hY—K& Gl 7y FElOE

IKBHAZEA L AT DB, LV U TLY 500ns %,

G2 IZ 1000V 500ns DA A > b U HRHED S, ¥
A7 rrDG2,G3 7Y v R~HIIME b, 2
X7 /=Ko hy— e {Z!§75§7°*77\“<7ﬂ:é<h
ERIREE & 72 D, E2. G2 IIFREENMERS Ik D726
z:4mn7®/vr7xaﬂ*bﬁmméibé Figure 2 (2
VAR AT ISR L CIE L7 B Y TR 2
Figure 3 (21 DJE S %7~ E%ﬁﬁ@%
URHEPT(G1:10Q,G2:50 Q)i THIE L=, I EIEE
NZENRETIC o TND, Vo X —DD 7R WEE
REGEIRRE L T AT DITIIA A v U AL ADAT
HENRYEENEE L /2D, 18

23 MU FH OV ADIGE

%\ N U HSVATX Figurel IZRTE9ICE Y 2
& BIRHHEES 2 5 RG-59 [Rl#h - — 7 /W2 K 0 |

%/lv SERS 7 ORERIER~ATI SN D,

U CRERIBEFEOH NG | A E @G 712 L -

T&/?W%A%Aéh\%4§kmy®%ﬁ9y
RS D,

1% BIEEFEILY A 7 b TRAELZY—UM b
VAT AT 5E20E, BfEERIEL T
W5, WEBIZIE A — B —HESE D TVS(Transient
voltage suppressor) % A 4 — R (1.5KE400CA X 4 [E %))
DREEHIFICRA S TR D . 1.6kV LA EDEEFE

ErdElLCnd, o, U A T E#
LLTHAA—NEWHNZCR BT ZHATND

3.h)HEIBRESROEIEEREETORE

SACLA DOIERBHIENS 2% LD, TVS A 4 —
RFOEPEIME T L, A 7 buroEmiEikd
LHEGNAM L, MBS o7, BT TVS # A
Z— K0l Z 7 ONERICRE SN WD T, &8

PASJ2015 WEP066

500
400 —Gi

—G2
300 '

200

100

Voltage (V)

-100

-200
(0] 0.4 0.8 1.2 1.6 2
Time(ps)

Figure 2: Wave forms of the G1 and G2 trigger pulses.
The pulses are supplied from the MA2709A trigger unit.
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Figure 3: Frequency spectra of G1, G2 trigger pulses.
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Figure 4: Wave forms of voltage and current through the
TVS diode attached on the G1 trigger line, measured at
“G1OUT” port in Fig. 1.

-20
-30
2
=40
9 1
E -
Lower frequency
GE)’-SO measuring limit !
3 (5MHz) :
-60 :
1
1
-70 1
1 10 100
Frequency(MHz)

Figure 5: Frequency spectrum of the surge voltage,
measured at GIOUT port, using a spectrum analyzer.
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Figure 6: Filter circuit diagram.
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Flgure 7: Photograph of the assembled filter circuits.
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Figure 8: Frequency response of the transmission from
the thyratron G1 grid to G1IN port through LPF (blue),
or to the 10 ohm terminator at HPF side (red).
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Figure 9: Comparisons of the G1IOUT Voltage and TVS
thru current wave forms, with the filter (blue and green)
and without the filter (gray).
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Figure 10: Frequency spectra with the filter circuit (red)
and without the filter circuit (gray), measured at GIOUT
port.
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