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Abstract

A semiconductor pulse modulator from ScandiNova was installed and tested at soft-X-ray free electron laser facility
SACLA-BLI. It was operated with the C-band klystron as the load at the rated voltage of 350 kV and 310 A. The voltage
jitter was confirmed to be 60 ppm and the timing jitter to be less than 1 ns. The power efficiency was also confirmed to
be about 80%, which is comparable to that of the conventional modulator at SACLA. It was found that the leakage
inductance of the pulse transformer was the biggest factor in determining the pulse rise time of 1.1 ps and pulse fall time
of 1.6 us, and that improvement was necessary to achieve higher speeds and shorter pulses for pulse power supplies in

the future.
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Figure 1: Photograph of the ScandiNova modulator. The
C-band klystron is attached to the socket.
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Figure 2: Schematic of the ScandiNova modulator. L and C, written in blue, are the equivalent inductance and capacitance

distributed in the equipment and discussed in section 3.2.
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Table 1: Nominal operating conditions and measured
performances. Values in () are GUI displayed values.

Charging voltage (set value) 1.2kV

Pulse width (set value) 5us

Flat top 2.5 ps

Pulse repetition rate 60 Hz

Klystron voltage (Vk) -364 kV (-354 kV)
Klystron current (k) 312A (300 A)

Vk voltage flatness during 2.5 us 0.8% (peak to peak)

Vk voltage jitter ~60 ppm (sdev.)

Ik timing jitter <1 ns (sdev.)

Peak output power 114 MW
Pulse width (FWHM of Vk) 5.0 us
Pulse energy 492]
Power efficiency 80 %
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Figure 3: Typical pulse waveforms of the klystron voltage
(a) and the current (b). The blue solid line shows the
waveform of the ScandiNova modulator, and the orange
dashed line shows the waveform of SACLA’s standard
modulator.
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Figure 4: Waveforms of the primary voltage (a) and
primary current (b) of the pulse transformer.
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Figure 5: Enlarged view of the rising part of the primary
voltage (Vp), the primary current (Ip), the klystron voltage
(Vk) and the klystron current (Ik). Each plot is normalized
so that the flat top area is 1.

Table 2: Rise time (Tr) and fall time (Tf) of each pulse. The
rise and fall times are tabulated as the time taken for the
voltage and current to reach 10% to 90% of the peak.

Signal Rise time (Tr)  Fall time (Tf)
Primary voltage (Vp) 408 ns 272 ns
Primary current (Ip) 934 ns 726 ns
Klystron voltage (Vk) 1094 ns 1556 ns
Klystron current (k) 1112 ns 1036 ns
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Figure 6: Waveforms of transmission line phase-to-phase
voltages (a) and phase currents (b) in the ScandiNova
modulator operating at rated voltage, 60 Hz.
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Figure 7: Electrical power used and power factor at
different pulse repetition rate.
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