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CSNS Phase I Phase II

Beam power on target(kW) 100 500

Linac energy (MeV) 80 300

Extraction beam energy (GeV) 1.6 1.6

Average beam current (μA) 62.5 312.5

Linac Peak beam Current(mA) 15 40

Repetition(Hz) 25 25

Linac Beam Len(μs) 500 ~500

Target Power:100500kW

Linac Energy:80MeV300MeV

More Spectrometers

CSNS-II Overview
p Construction Time:2023.12 ~ 2029.3
p A SRF section is to be added to increase 

energy from 80 to 300MeV.

Layout of CSNS



SRF Section Accelerator

324MHz Double-Spoke Cavity  X 20 

648MHz Elliptical Cavity   X  24

Ø SRF cavity is processing and testing.
Items SPOKE SPOKE

(Improved)
ELLIPTICAL

 Freq(MHz) 324 324 648

Gradient(Mv/m) 7.3 9 14

Length(m) 0.694 0.694 0.86

R/Q（Ω） 410 401 309

QL 2.3e5 2.3e5 9.6e5

LFD Hz/(MV/m)2 -10.7 -4.56 -1.5

LFD@ Max Gradient 530 369 250

f3db 1408 1408 674

df/dp(Hz/mbar) 0.773 38 6.3



Some projects 

324MHz coupler aging 648MHz Klytron LLRF

Spoke Horizontal TestC-Band Klytron 

648MHz debuncher 
LLRF

Some projects completed or are currently underway ,most used mTCA



Spoke Horizontal Test /2023 mtca

pAmp and ph stability is :±0.1%，±0.1°。

Amp/Ph stability : ±0.1%,±0.1°

mTCA板卡



RFSoC(RF System on Chip)

n Low latency, high speed, 
n high integration, few components, easy to maintain
n The main clock frequency can reaches over 300MHz.

8*RFADC，8*RFDAC，6GHz sample rate，4-
core ARM, abundant FPGA resources

3.5cmx3.5cm 

8*ADC

8*DAC

ARM

CSNS-I LLRF



 RFSoC Military applications

7
https://dornerworks.com/wp-content/uploads/2020/08/DornerWorks-RFSoC-Design-Services.pdf

RFSoC is widely used in military applications



RFSoC Used in superconductig quantum computers

8https://ui.adsabs.harvard.edu/abs/2022RScI...93j4704P/abstract



RFSOC used in BPMs

9TWEPP 2023 - FPGA user group



RFSoC  based mTCA



Logical Resource Comparison

• FPGA resources are about twice that of conventional FPGA chips
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8300KU 530,000 484000 242000 192000
ZYNQ-7000 350,000 437000 218000 90000
RFSOC-47DR 930,000 850000 425000 422700
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逻辑资源对比

注：DSP资源需要除以100才是真实值



RFSoC ADC+DAC LOOPBACK latence

ü about 200ns for loopback

ü Normal cir delay maybe about 1us

Desy Test



Comparison with 8300 board specifications

Board and signal SNR(dBc) SFDR(dBc) NSD(dBFS/Hz)

SIS8300
ADC-20MHz 76 86 -154

DAC-20MHz 74 64 -152

RF SOC
ADC-240MHz 59 86 -152

ADC-900MHz 58 79 -151

DAC-900MHz - 81 -

p Due to the wide sampling range of RF ADC and the need to cover the entire Nyquist 

sampling noise in SNR, it is not suitable for comparison. Generally, NSD (Noise Spectral 

Density) is used for comparison.

RFSoC and KU board 

NSD are close



ADC/DAC Loop Test 

12520

12530

12540

12550

12560

12570

12580

12590

0 50 100 150 200 250 300

Amplitude

149.65

149.7

149.75

149.8

149.85

149.9

0 50 100 150 200 250 300

Phase

<±0.16%

<±0.10°

Ø Test conditions:
Ø The center frequency is 500MHz.

Ø The amplitude and phase are less than ± 0.16% 

and ± 0.1 °, respectively.

Ø Meet the requirements of Phase II

ADC

DAC FPGA

ARM

RFSoC Loopback test

500MHz



RFSoC Short pulse sampling

15 Second compress, 50ns  

60nss

RF DAC输出 : 5.7GHz, 60ns

RF ADC采样：时钟2ns

20ns 20ns 20ns

Short pulse are widely using in 
S/C BAND RF power source.
Some may less than 50ns.

光源调幅腔链功率源



Horizontal Test using RFSOC/2025-8
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Self-excite LOOP test AMP/PH CLOSE  LOOP TEST



Conclusion

• Studies on the performance metrics and applications of RFSoC have 
been carried out.

• Successful horizontal testing of superconducting cavities has been 
realized. 

• More research will be conducted in the future,long-term stability,etc.
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