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Abstract
The China spallation neutron source (CSNS) linac is designed with beam energy of 81MeV and a peak current of 15mA in the first phase. The RF power system for

the 81 MeV Linac requires 8 units of RF power sources, each unit has one independent digital low level RF (LLRF) control system which is used to stabilize the
amplitude and phase of the RF accelerating field along the linac, and to minimize beam loss. During beam commissioning, all of 8 on-line units of LLRF control
system were operating stably and reliable, the control precision of accelerating fields met requirement of beam commissioning. The amplitude and phase variations of
the linac fields are less than ±0.2% and ±0.2° without beam loading, or ±0.5% and ±0.5° with 10mA beam loading, much better than the design requirements
of ±1% in amplitude and ±1° in phase.

INTRODUCTION
The accelerators of China spallation neutron source(CSNS) mainly consist of an

H- Linac which accelerates the H- beam energy to 81 MeV and a rapid cycling
synchrotron (RCS) accelerator which accumulates the proton beam to a high
current pulse and then accelerates it to 1.6 GeV. The RF power systems of CSNS
81MeV Linac operate at RF frequency 324MHz, repetition rate 25 pps, RF pulse
width 650 µs, and duty cycle 1.625%. The RF power system in Linac is mainly
composed of five klystrons power for RFQ and four DTLs, three solid state
amplifiers power for two Bunchers and one Debuncher. Each unit has one
independent digital low level RF (LLRF) control system.

Overview of LLRF system
The CSNS Linac LLRF control system is designed to achieve required acceleration

voltage amplitude and phase regulation of ±1% and ±1° respectively. The resonant
state of the cavity and the beam loading effect should also be taken care of by the low
level RF LLRF system, to ensure the stability of the RF system. Each LLRF system is
composed of five modules including analog module (AM) and clock distribution
module (CDM), LLRF control Module (DCM), high power protection module (HPM),
Timing and RF interlock module.

The overview of the CSNS linac RF system configuration Schematic block diagram of CSNS LLRF

Performance

Stabilization by FB control
During beam operation， the control precision of accelerating fields met

requirement of beam commissioning. The amplitude and phase variations of the
±0.5% and ±0.5° with 10mA beam loading, much better than the design
requirements of ±1% in amplitude and ±1° in phase.

SUMMARY
LLRF control system began to apply in the operation of the CSNS Linac

accelerator at 2015, the control precision of accelerating fields met requirement
of beam commissioning. During the several years, LLRF control system had
appeared some faults, such as the contact problems of the power plugs, program
bug and thermostat chamber faults et al, most of problems have been solved and
improved. Also, many important progresses have been achieved in the LLRF
control system for a more-convenient operation and a higher stability
performance, such as automatic frequency matching for cavity warm-up, the FB
status recovered automatically.

Long Term Stability

Amplitude and phase of DTL2 accelerating  with beam loading@10mA beam 
current and 100us beam pulse

The Digital Field Control System

Digital signal processing board card

Hardware

— 1×FPGA: Altera Stratix II family 
EP2S90F1020

― 2×DSPs: TI C6713

― 1×ADCs with 4 channels: Linear LTC2156, 
170Msps 14-bit, DDR LVDS output to FPGA.

― 1×DACs with 4 channels

ADCs Sampling frequency 144MHz,  IF 36MHz, quadruple frequency sampling 
gets I, Q, -I, -Q……

― 3 IF signals are sampled by ADCs: cavity field, forward , previous cavity field.

― Phase difference between the forward signal and the cavity field is used in the tuning system.

― Previous cavity field is used to recover the working point if something changed in the 
previous RF system. 

Software: IQ Demodulation → Feedback PI Controller → Feedforward Table →
Numerically Controlled Oscillator (NCO).

―Feedback Loop: Suppress various disturbances (power sources noises, high voltage drop, 
beam loading, etc). 

―Feedforward: It compensates the beam loading, triggered by beam gate, fixed value table.

―NCO: Output 36MHz IF, digital frequency conversion technology.

A trend of the amplitude and phase of the DTL4 cavity field under the FB
control was measured by Debuncher LLRF during beam operation. The
amplitude variation is ±0.6% and the phase variation is ±0.5 degrees during
24h.


