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Abstract

In the X-ray free electron laser facility SACLA, 79 modulator power supplies with thyratron tubes as the high voltage
pulse switch devices are operated. Since the “aged” thyratrons over 16,000 hours cause many troubles, such as a variation
of klystron output due to the timing drift and conduction loss fluctuation, and a damage of trigger circuit due to a huge
spike voltage. We consider many of these troubles are caused by the cathode degradation and poor ionization during the
conduction. We found the longer pre-trigger pulse improves the ionization and drastically reduces the voltage spike and
timing fluctuation. In order to make diagnosis of thyratron degradation, we checked the operation database related with
the thyratron performance, such as the high voltage pulse timing and the RF phase of the klystron output. In addition, we
regularly measured the trigger grid voltage waveforms and checked the residual conduction voltage and the voltage spike.
These diagnoses enable us to estimate the life time of the thyratron, to replace the thyratrons before the fluctuation occurs,
and to reduce the risk of the troubles and maintenance cost.
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Figure 1: Block diagram of the klystron modulator for SACLA and its thyratron trigger circuit.
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Table 1: Number of Operating Thyratrons
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Figure 2: Number of replaced thyratrons in every half
year.
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Figure 3: Lifetime distribution of the thyratrons,
categorized by the failure reason.
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Figure 4: Waveform of the G1 grid voltage (green, left
axis) and the ionization current (red, right axis). A new
thyratron (lower) and a aged thyratron (upper) also
shown.
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Figure 5: Pre-ionizing delay (ns) vs thyratron lifetime
(kilo hour).
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Figure 6: Waveform of the G1, G2 trigger grid voltage,
the grid current, and the klystron voltage (Vk). The
operation condition is 30kV and 30pps. Upper
waveform is the standard G1 pulse width (750 ns), and the
lower is the long G1 pulse (2500 ns).

Table 2: Comparison of the Grid Spike Voltage and the
Anode Delay Time, with Different G1 Pulse Width

G1 Pulse G1 G2 Anode
width[ns] Surge[kV] Surge[kV] Delay[ps]
750 3.58 2.22 2.0
1,000 3.67 2.33 1.6
1,500 3.25 2.00 1.4
2,000 1.84 1.31 1.4
2,500 1.77 1.32 1.4
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