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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. Since the thyratron is a deuterium-filled electron tube, which conducts several kA pulse through a plasma
between narrow high voltage gaps, it sometimes makes abnormal pre-fires during the charging cycle, or fluctuation of
the conduction loss which leads the fluctuation of the RF output from the klystron. Moreover, high surge voltage due to

the

connection in the plasma causes a damage on the TVS diode. We have investigated these troubles and applied

several countermeasures for these problems. In order to check the performance of the thyratron, we performed 24-hours

pre-install test in the test stand.
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Tablel: Number of Replaced Thyratrons and its Breakdown Categorized by the Reasons

Number of Replaced Reason for Replacement
(Re-used) Self triggering TVS Diode Timing Jitter Grid Voltage Others
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Figure 1: Comparison of the trip rate of 20 units with different interlock criterias. AB1 means the interlock is halted
when the first pre-fire occurs. AB2 (AB3 or AB4) means the interlock is halted if two (three or four) pre-fire occurs in

1 minutes.
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Figure 2: TVS diode circuit for trigger circuit protection.
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Figure 3: TVS diode circuit and thyratron grid circuit.
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Figure 4. An example of a grid voltage fluctuation of
Gl(pretrigger, chl) and G2(main trigger, ch2) for an
“aged” thyratron. The waveforms are overlayed in 1
minutes.
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Figure 5: An example of a good thyratron without grid
voltage fluctuation.
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Figure 6:
modulators.

Pluggable thyratron unit for new SACLA
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Table 2: Test Item and Quality Criteria of Thyratron

Test item Quality criteria
Self Triggering < 10 times/24h
Self triggering < 5 times/24h
(continuous)
Timing jitter <2 ns std.
Grid voltage variation <5V std.
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