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Abstract

The renewal of the low-level RF system for the 3rd generation synchrotron radiation facility, SPring-8, is underway.
The existing RF system of the storage ring is composed with single-function analog modules, which are obsolete and hard
to be maintained. Therefore, the system is being replaced with a modern digital system using MTCA .4 modules. The
amplitude and phase of an RF signal are detected with an under-sampling scheme because of simple composition and
robustness to the ambient parameter changes. For this purpose, we developed new MTCA .4 modules: a digitizer AMC
having a sampling rate of 370 MHz and 16-bit resolution, and a signal conditioning RTM. A motor driver controlled
through EtherCAT was newly adopted to the cavity tuner control. After several tests of the system at a high-power RF
test stand since 2016, the digital system was installed to one of the four RF stations of the storage ring in February 2018.
The new system has been working well although some minor troubles were observed. The phase and amplitude stabilities
were 0.06 degree and 0.037 % rms, which satisfied requirements of 0.1 degree and 0.1%, respectively.
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Figure 1: A block diagram of an analog module based
LLRF system.
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Figure 2: A block diagram of a MTCA.4 based LLRF
system.
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Figure 3: An input rf signal, NCO sine and cosine signals.
Sampling points of the rf signal are shown with circles.
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Figure 4: A photo of the 19” racks at the Low Level RF
control room. The occupied space by the new RF system
was indicated by rounded rectangles, which were
drastically reduced compared to the old system.
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Figure 5: Responses between the drive power and the
klystron output power with the analog system (square
symbol) and the MTCA 4 system (filled circle). Blue dots
show the response at constant anode voltage.
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Figure 6: Measured Bode plots of the cavity feedback
control of an open loop (a) and a closed loop (b).
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Figure 7: PM and AM noise spectrum of a cavity pickup
signal measured at the A-station and D-station.
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Figure 8: An example of measured waveforms at an
abnormal event. Each line shows waveform of a cavity
pickup signal (open circle), a cavity feeding signal (square)
and a reflected signal from the cavity.
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