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Linearization of the input and output characteristic curve of a klystron for SXFEL
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Abstract Background: The output signal of klystrons for the soft X-ray free-electron laser (SXFEL) is processed
by the low level radio frequency (LLRF) measurement and control system to ensure the stable operation of the
amplitude and phase of the electric field of an radio frequency (RF) structure in the linear accelerator (LINAC).
However, the nonlinearity of the input-to-output characteristic curve of the klystron makes the radio frequency
regulation of the LLRF control system inefficient. Purpose: The study aims to design an online system to compensate
the nonlinearity characteristic from klystrons in SXFEL. Methods: The online system uses the FPGA-based digital
predistortion method, including three algorithms: third order polynomial, direct lookup table, and lookup table with
linear interpolation. Results: In the on line experiment, the input-to-output characteristic curve of the klystron is
linearized, and the system effectively compensates the nonlinearity characteristic introduced by the klystron.
Conclusion: The online system improves the precision and accuracy of the LLRF control system, which meets the

requirements of the SXFEL.
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Fig.1 Schematic of the klystron amplitude output
characteristics.
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Fig.2 Schematic of the low level RF control system.
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Fig.5 Klystron output measurement data vs. model fitting.
(a) Rapp model fitting, (b) Second order polynomial fitting, (c) Third order polynomial fitting, (d) Fourth order polynomial fitting
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