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Abstract
In the finished ADS (Accelerator Driven Sub-critical system) project which supported by China 973 Program in the Institute of High Energy Physics, Chinese 
Academy of Sciences (IHEP, CAS), a 352.2MHz klystron RF power source was used to drive 3.5MeV RFQ accelerator. On this test stand, we carried out R&D of 
digital low level RF (LLRF) control system prototype for CSNS LINAC RF system. Based on step-by-step successful R&D and operation experience, many important 
progresses have been achieved. In design of the process, all analog modules were thermostatically controlled by a temperature stabilizing crate, the related circuits of 
both cavity field signal and reference signal were designed symmetrically. In design of the control software, the FPGA-based feedback control algorithm has been 
optimized, and some useful functions were added, such as 1) measuring of cavity Q value, detuning phase and frequency shift, 2) automatic frequency matching for 
cavity warm-up, 3) using feedforward to compensate the amplitude and phase decrease caused by klystron high voltage droop, 4) RF power monitoring and real-time 
VSWR protection. The improvements and test results of the LLRF control system for CSNS LINAC will be described in this poster.

                                                  INTRODUCTION
We carried out R&D of digital low level RF (LLRF) control system prototype 
for CSNS LINAC RF system on the 352.2MHz klystron RF power source which 
was used to drive 3.5MeV RFQ accelerator. On June 2012, the test results show 
that the amplitude and phase variations in the RFQ cavity are less than ±0.3% 
and ±0.3° without beam loading, or ±0.4% and ±0.6° with beam loading. 

LO

MO

RFQ

RFRFL0

RFFWD0

A/D

A/D

A/D

D/A

LF

BPF

X4

Time mark

To IPC

FPGA

IFREFLO

LO

LO

LO

LO

IFCAV

IFFWD

IFRFL

RFCAV

AM（Analog Module）

CDM（Clock Distribution Module）

RF Reference

 IF

CDM

AM

DM

Tunnel

DM(Digital Module)

RFREF

RFFWD1

RFRFL1

RFFWD0

RFRFL0

FPGA

PM

To IPC

PM(Protection Module)

A/D

A/D

A/D

A/D

RFFWD1

RFRFL1

RFFWD2
RFRFL2

Klys&&SSA
Temperature stabilizing crate

RFFWD2

RFRFL2

RFFWD3

RFRFL3

RFFWD4

RFRFL4

VSWR&
Power 

monitoring

A/D

A/D

A/D

A/D

RFFWD3
RFRFL3

RFRFL4

RFFWD4

RF 
Detector

FB&FF
control

X2

AD clk

AD 
clk

Block diagram and picture of LLRF prototype

PROCESS
Temperature Control of Analog Hardware

All analog hardware are placed into a temperature stabilizing crate, including frequency down-
conversion, up-conversion module and clock distribution module, and the control temperature is 
maintained at 30 +/- 0.1 degrees Celsius. Semiconductor thermostat is applied in the temperature 
stabilizing crate, and the regulation is provided by automatic PID bilateral control system.

Design Strategy of RF Reference
Thermostatically controlled RF reference line of CSNS LINAC will be installed in auxiliary tunnel 
closed to accelerator cavity in tunnel. 324MHz RF is chosen as the frequency of reference which is the 
same as the cavity RF.  Cavity field signal and reference RF signal are sent from auxiliary tunnel to 
LLRF controller through a matched cable pair along the same-length path. In addition, the down 
converted related circuits of both cavity field signal and reference signal are designed symmetrically. 

Block diagram of CSNS LLRF reference system

 

CONTROL SOFTWARE

Measuring Cavity Q Value, Detuning Phase and Frequency 
From the field decay curve of amplitude and phase, cavity characteristics 
parameters can be calculated out in every pulse, such as time constant of decay, Q 
value, detuning frequency Δ f and detuning phase Δ φ . These parameters are 
calculated in the DSP.
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Automatic Frequency Matching for Cavity Warm-up

Based on above Δf calculation in every pulse, via phase scan algorithm in FPGA, cavity 
input frequency can be change to automatically match with cold cavity natural 
frequency.
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Block diagram of automatic frequency 
matching for cavity warm-up

 Waveforms of RF cavity during the RF start-up
Amplitude Phase 

Feedforward Compensation 
Improved feedforward is adopted to compensate amplitude and phase of cavity 
decreased, due to the klystron high voltage droop. At first, we can obtain the 
drooped waveform of cavity caused by the klystron high voltage droop, under 
condition of FB off and RF cavity closed to resonance state.
Then, FB on, I, Q values processed by PI control in the FPGA are read back to 
feedforward table, which is called as FF_base_table. So, the drooped amplitude of 
cavity caused by the klystron high voltage droop is compensated, when 
FF_base_table is added in FB control. 
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RF Power Monitoring and Real-time VSWR Protection

Block 
diagram 
of PM
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RF power detection and VSWR protection is implemented by Power Protection 
Module (PM). There are two modes for RF block. The first mode is auto-recovered 
RF block, if detecting VSWR is over defined threshold, the RF drive and beam shall 
be inhibited within 1μs of the detection and shall be re-enabled in the following pulse. 
The second mode is permanent RF block, if detecting VSWR protection take place N 
times in a second, The RF drive and beam shall be permanently blocked.

Response of VSWR over-limit 
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Blue dot line is measured value, red 
line is fitting curve by least square 
method. The two lines nearly coincide.

kHz
tttn

ttn
f n

i

n

i

n

i
iii

n

i

n

i

n

i
iiii

06.17
)(

2

1
1

0

1

0

1

0

2

1

0

1

0

1

0 





  

  




























s
AMPLnttAMPLnn

tttn

n

i

n

i
i

n

i
iii

n

i

n

i

n

i
iii

 56.2
)()(

- 1

0

1

0

1

0

1

0

1

0

1

0

2







 

  

























