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Abstract

We have developed a C-band linac to generate ultrashort pulsed electron beams for injection into subsequent laser-
plasma wakefields. The allowable pulse length of the electron beams is approximately 30 fs(rms) at a maximum even if
the laser intensity for the plasma waves is reduced, and it is desirable for it to be 10 fs(rms) or less. In this paper, we report
on the test results of a low-power rf system for our linac that combines of a master oscillator (MOSC), a low-level rf
(LLRF) control unit, a C-band klystron driver amplifier and a master trigger unit (MTU) that we designed and developed.
In the low-power rf system, the LLRF control unit receives the 5712MHz continuous wave (cw) 1f signal from the MOSC,
controls amplitude and phase of the pulsed output rf signal by IQ modulation. Then the 800W GaN solid-state amplifier
amplifies the 1 mW rf signal with a pulse width of 2.5 us from the LLRF control unit to a power level capable of driving
a C-band 50 MW Kklystron. The LLRF control unit and the klystron driver amplifier are activated by 30 Hz trigger signals
generated by the MTU which are synchronized with both the 79.3 MHz reference signal from the MOSC and the 60Hz
commercial ac power. We measured the 850 W output signal with a pulse width of 2.5 ps by using monitor functions of
the LLRF control unit. A phase shift within a pulse flattop without a rise time part of 1 ys was about 1.3 degree, amplitude
and phase jitter were 0.03%(rms) and 0.04 degree (rms), respectively. Temporal jitter obtained from the phase jitter

measurement result is less than the allowable pulse length of 30 fs (rms).
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Figure 2: Block diagram of the LLRF control unit.
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Figure 3: Photo of the 800W solid-state amplifier for a C-
band klystron. The top is an amplifier unit, and the bottom
is a low-noise power supply unit.
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Figure 4: Block diagram of the solid-state amplifier, which
comprises of a small signal amplifier, two drive-stage
amplifier modules and four final-stage amplifier modules.
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Figure 5: Configuration diagram of a performance test for
the low-power rf system.
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Figure 6: Photo of a performance test system for the low-
power rf system.
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Figure 7: Waveform of an 850W pulsed rf output signal
from the C-band klystron driver amplifier after passing
through 50dB attenuation.
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Figure 8: Jitter measurement of a pulsed rf output signal
from the klystron driver amplifier relative to a 5712 MHz
cw signal from the MOSC.
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Figure 9: Correlation between the setting output power
level of the LLRF control unit and the output power level
from the klystron driver amplifier. 7.9 dBm on the vertical
axis corresponds to 850 W output from the amplifier.
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Figure 10: Correlation between the setting output phase of
the LLRF control unit and phase of the output RF signal
from the klystron driver amplifier. This result indicates
there is very high linearity between them.
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Figure 11: The blue and red solid circles indicate the
amplitude and phase waveforms filtered with 24-times
running average filter, respectively, of the pulsed rf output
from the klystron driver amplifier.
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Figure 12: Amplitude jitter of the pulsed rf output from the
driver amplifier. This graph represents 511 amplitude
waveforms filtered with 24-times running average filter
from t=1.72 ps to t=3.0 us. The trigger cycle was 30 Hz.
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Figure 13: Phase jitter of the pulsed rf output from the

driver amplifier. This graph depicts 511 phase waveforms

filtered with 24-times running average filter from t=1.72 us

to t=3.0 us. The trigger cycle was 30 Hz.
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