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Abstract

SPring-8 has transitioned to an MTCA.4-based LLRF system, preceding the SPring-8-1T upgrade. This LLRF system measures
RF amplitude and phase using undersampling IQ detection with a Numerically Controlled Oscillator (NCO). However, the
NCO introduces an indeterminacy in the calculated phase, depending on which sampling clock is used as the starting point
relative to the fundamental frequency, thus requiring proper initialization. A systematic initialization method for this NCO
reset was described. Additionally, at SPring-8, where each of the four RF stations contains eight accelerating cavities requiring
precise inter-station and inter-cavity phase alignment, we report on beam test results. Referencing prior studies, our method
efficiently measures these phases using data inherently available during the operationally essential beam accumulation process.
By evaluating the increase rate of klystron power and the change rate of cavity voltage, this technique offers robust measurements
independent of calibration factors. We successfully measured and aligned inter-station and inter-cavity phase differences to

approximately 1 degree and about 0.5 degrees, respectively.
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Figure 1: Block diagram of RF part of the MTCA.4 based
LLRF system [2].
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Figure 2: Block diagram of clock and timing system. Sam-
pling clock and NCO reset triggers are distributed through
backplane from eRTM clock generator and trigger AMC, re-
spectively.
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Figure 3: Observed reference phase on each slot as a function
of NCO reset timing before(top) and after(bottom) the timing
alignment.
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Figure 4: Normalized increase in klystron power as a function
of stored beam current after shifting phases by +20 degrees
at A station and —20 degrees at D station.
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Figure 5: Normalized increase in klystron power as a function
of stored beam current after phase adjustment.
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Figure 6: Change ratio of cavity voltage as a function of stored
beam current.
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Figure 7: Change ratio of cavity voltage as a function of stored
beam current after phase adjustment. [4]
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