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LLRF R&D in Dalian Institute of Chemical Physics (DICP)

Authors:
Hongli Ding, Zhichao Chen, Guorong Wu, Weiging Zhang



gs LLRF for Dalian Coherent Light Source

Dalian Coherent Light Source (DCLS) is a user facility of a VUV free electron laser. It
accomplished in 2017 and remains steady performance so far.
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LLRF Highlight

A |IF sampling, direct uponversion, and puls®-pulse feedback Trigger
A MicroTCA.4 hardware. Struck SIS8300L2 and DWC8VM1 boards. BOMPD
and the solidstate amplifier (SSA) are from Chinese vendors
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Synchronlzatlon for Dalian Coherent Light Source
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g || RF for Dalian Advanced Light Source (Pre-Study) Project
Dallan Advanced Light Source (DALSkshrdy Facility is a higlepetition-rate injector
test facility based on SC cavities, for verifying key technologies of DALS FEL.
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Charge 100 pC A A 216 MHz electron gun :
Repetition Frequency 1 MHz A A 13 GHZ bunCher SC CaVIty Parameters
Peak Current Intensity 600 A A A module with tWO 2ell Cavity Type TESLA
Normalized Emittance 1.0 mm-mrad . 13 GHZ SC CaV!UeS Operation Mode CW
FEL Light 65180 N A A module with eight 9 .
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N Diagnostic Line Unloaded Quality Factor 2.7e10
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A LLRF for Dalian Advanced Light Source (Pre-Study) Project (cont.)

Current StatusLLRF hardware test completed; control algorithms under development
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Synchronization for Dalian Advanced Light Source
(Pre-Study) Project LS
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LLRF R&D in Institute of High Energy Physics (IHEP)

Authors:
Qunyao Wang?, Haiying Lin!, Dongbing Lit, Pei Zhang!
Xinpeng Ma?, Nan Gan?, Chenyan Lu?, Yongyi Peng?, Jingyi Li?
Zhexin Xie3, Zhencheng Mu3, Wei Long?3, Yang Liu3

1 High Energy Photon Source (HEPS), ring LLRF
2 High Energy Photon Source (HEPS), Linac LLRF and phase reference system
3 China Spallation Neutron Source (CSNS)
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Parameter

RF frequency
Number of cavities
Total RF voltage

RF voltage per cavity
RF power per cavity
Amp. stability (pk-pk)
Phase stability (pk-pk)
Cavity technology
LLRF technology

Unit
MHz

MV

MV

kW
%

o

499.8MHz Cu cavity

Storage ring
Fund. cavity Harm. cavity
166.6 499.8
5 2
5.4 3.2
1.2 1.7
170 200
0+0.1
0+0.1
SRF cavity
Xilinx ZYNQ-7000

(0.5-6 GeV) (6 GeV)

Booster Storage Ring

70
O+1
O+1
NC cavity
Altera EP3SL150
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RF control overview for HEPS

»1 Tuner controller

Cryo ready

RF switch

Other cavities

Circulator

SSPA interlock

Power, Temp, etc.

Diagnostics

Py,

g

Beam
signal

Pr, Py

<

Pre-amp

Il Directional coupler

1

Reference signal

Signal
Display

CoNoO R WDNRE

SNoron b W =

Firmware
Cavity field A&P loop
Cavity resonance loop (motor + piezo)
Field flatness loop
SSA A&P Loop
Forward feedback
RF direct feedback
DOB control Loop
Quench detection
Max power protection
Arc fault detection and protection
RF amplitude and phase ramping
RF amplitude and phase modulation
RF fast phase shift
Vc phase recovery after power-off
GDR/SEL mode
CW/Pulse mode
e

Software
Cavity & FPC automatic conditioning
RF system auto start-up
LLRF parameter recovery
RF system auto power equalization
Cavity voltage auto sweep
e
EPICS Tools

A 10C application: device driver and

support (C C++
OPI: CSS, EDM
Curve: StripTool, CSS
Database: Archiver, Mysql
State Machine: SNL, PyEpics
Analysis: PyEpics, Matlab
Alarm: Alarm Handler

To T To T o I
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1st-gen LLRF
(166.6 MHz cavity horizontal
test, Vc = 1.2 MV, 4.2 K)
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Xilinx ZYNQ-7000
Clock distribution AD9520

6 channel down-converter
DSP board Two FMC interfaces

2 channel up-converter

RF Front-end

ol

lllll

6 channel ADC, 125 MSPS
2 channel DAC, 275 MSPS

FMC Board

v
T 3

LLRF Crate
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LLRF of HEPS Linac

Reference line
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s LLRF of HEPS Linac (cont.)

MCA,4 AMC dev. Downconverter RTM Directsampling RTM

A openmmc eval. board MicroTCA.4 RTM; A MicroTCA.4 RTM,;
A 2 version timing fanout bandwidth 100 MHz 6 GHz; A bandwidth 0- 650 MHz:

vector modulator;

work with Struck SIS8300L2;
8 channels ADC, 2 channels
DAC

A6 channels ADC, 2 channels

A
A
AMC with openmmc A with downconverters and A tested with Struck SIS8300L2:
A
A
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Reference Line

SHB LLRé#irect sampling (DS)

LLRF of HEPS Linac (cont.)
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A Role:Distribute phase / frequency reference to
LINAC/Booster/Storage Ring, RF/LLRF, Beam 83.3/166.6/499.8/2998.8 MHz

Distribute frequencies: LINAC

| N A A

Diagnostic, Timing EVG, Beam line station... (she ) (k1 (k2 ) (k3 ][ ka J[xs ]
A ’RequirementS: Phase Reference System Booster
A Timing jitter < 40 fs (10 Hz10 MH2z) (Phase/”eq Distribution)

A no >-110 dBc/Hz spurs at 100 4 MHz ( Re | [BiFB) [BCM | [BPM | [Other) (Reserved]
especially near sync. freq. Tlmlng User (Storage
A Reliable, maintainable, updatable EVG Statuon Ring l l l l l l l

(re | [Bire] (Bcv ] (Bem] (B ] [rore] (Reserved)

166.6MHz
4.096GHz chosen depends on signal noise purit RF| ) '
Rb 10MHz P ‘ P = %3 499.8MHz
CLK= 4.096GHz
®
RF
499.8MHz
CLK
/ \ ~\RF+Af+AG
DDS
RF
CLK
b RFeafAD 499.8MHz
— DDS
@ Linac statiol IR RF B
Controller (K] RF+Afs A 199.8MHz MR
@ RF station ﬂ| DDS
: ck Freq tune: Af: & 100kHz
® Elstation DDS RF+Af+AG Resolution: 0.01Hz
@ User statior  \ ) Master OSC”lator Phase tune: Ad: +180°
DAC Resolution: 0.1°

([ phase tioise (- | [
s o (35850 8 VB iz blods fuso FET

' S — == A 4.096 GHz clock is chosen for signal noise purity, DAC

- j j j j e works with DDS by FPGA4i8freq. control register.
iggﬁrhﬂnﬂzspur A Measurement results
free near carrierl- | I _ A CH2- CH4 499.8 MHz jitter 34 fs(10 Hzg 10 MHz)
31 fs/ 23 fs ’:" A CH1 166.6 MHz / 499.8 MHz jitteBS fs / 40 f{10 Hz
(10 Hz 10 MHz |- - ¢10 MHz)
/10 Hzq 1 MHz) |~ | | +2MHz | A no significant spurs within3 MHz bandwidth

A freq. and phaseontinuouswhen freq. change

- - A output power is withint0.01 dBat all freq. & phase
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HEPS Phase Reference System (cont.)

Stable transmission PSOF (400 m) drift test

Adopt phase stable cables and optical fibers, andnoige amplifiers A 3 days closed loop tested in March
Master oscillator locates near SR RF/LLRF cabinets A Residual phase drift was measured by
Transmit 499.8 MHz to LINAC and Booster RF with phase stabiliz phase detector between Tx RF and Rx
optical fibers (PSOF) 780 n), receiver jitter <35 fs(10 Hz; 10 MHz) RFR0.02 (5110 fs) outof-loop in 3 days

> >

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000

4 68 hours close-loop out-of-loop phase drift:
< +0.02°@499.8MHz

1 Optical fiber H !
e Sk > RF_Rx

RF_Mon RF_Ret!

Phase detector & controller] i

light blue: 0.5Hz record rate, dark blue: 20 average smooth

s compensate phase change: +1.5° (18ps)

o 10000 20000 30000 40000 0000 60000 70000 80000 $0000 100000

AT+2°C

raw data

g/100.20prad

u
Date 912422916 AM

£ [ o RSN = . lmE  mieon |

i TxRX by 700 m PSOF fiber, 499.8 MHz jo. = s s e oo e oo s o o
8 31.9 fs (10 Hz 10 MHz) blue: TxRed: R

-170 22

1E4
Offset Frequency [Hz]



@ Progress of LLRF system for CSNS

I CSNS (China Spallation Neutron Source)

CSNS I
Beam Power: 100 kW to 500 kW

CSNS Il Linac upgrade

;3 PhY z 633 Phy
S.C. Linac section: +48 superconducting cavities

50keV 3MeV 80MeV 165MeV 300MeV

B=0.5 B=0.62

324MHz 648MHz
10cryomodules 8cryomodules
2 doubl'e-gavlcryom 3 cavlcryomodule‘._

-

Tiy

" v T‘ Em/ El nmy aanm )
== : reflect
N ﬁ . = forward

Vacuum Gauge - g i

MTCA.4: SIS8300KU + DS8VM1/DWC8VM1 MTCA.4-based LLRF system and results for controlling
a 325 MHz Spoke cavity, pulse mode, 4 MV/m 23



CSNS-II rapid cycling synchrotron (RCS) upgrade
Three 2"@ harmonic magnetic alloy (MA) cavities will be added. ~

First MA cavity is installed in August 2022. Cavity field with ~ ** -
; . harmonic in presents.s i
i B | 4 [ L| : [H \ | |{ : ; lll E - sasznan 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
E:’[ .J..J\-.. L%. # ) k. ; m—r———— “T::MMP_AHSAMP_’“ |

Lﬁ“\ 2nd harmonic mode, 15% duty, 40 kV/m

\_.Jm\,vﬁ_‘vﬁ;/J’p\‘jv”\flf

EAURIA VR ANE A VNA N g o §
5\ i Vi VA L e -3
oSt N N SN ol
‘ Cavity field'with —* = e et aiors
LLRF System for multl_harmonlc Control harmonic suppressed T ——— :—AH?:::EAHMMP—AHSAMP__.A,,..:I
1/Q closed-loop with high-order harmonic suppression. fundamental mode, 50% duty, 26 kvV/m

Domestic MTCA.4 hardware platform
First domestic MTCA.4

i e § hardware platform.
: i | ] Development and test
Have been completed.

Next job:
CSNS-Il RCS LLRF upgrade
(CPCI Y MTCA. 4)

multifunction digital AMC module | R SAPS SC cavity test N

DWC-VM and DS -VM RTM

MMC controller



LLRF R&D in Institute of Modern Physics (IMP)

Authors:
Zheng Gao?!, Feng Qiu?, Guirong Huang?!, Yuan He?, Zhenglong Zhu?,
Qi Chen!, Chengye Xu!, Zongheng Xuet, Jingying Mal, Xinghao Ding!
Yan Cong?, Ruifeng Zhang?, Shilong Li?, Xiaodong Han?, Ruihuai Zhou?

1 China initiative Accelerator Driven System (CiADS)
2 Heavy lon Research Facility in Lanzhou (HIRFL)
High Intensity Heavy-ion Accelerator Facility (HIAF)
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LLRF System of CIADS

The China initiative Accelerator Driven Syst@ADPs At t 0SS (1 KS g 20MADSQa
facility at megawatt levelo explorethe safe and proper technologyf nuclear waste disposal.

2022 Dec.: first beam of RFQ oo
2026: first beam in reactor @_' Distibution |——
RF Stability RegShort term):  Master Oscillator Oscillator (LO)

A Amplitude: 0.1 % (rms ~ FF 1M
A Phase: 0.1c(rms)

Interlock Controller

Frf 7

ARC Vac MFS --- LLEF

k.

Solid-state
Clock Fmplifer
(100 MH=)
E FPGA
A P RE)
P, RE) 1
Detechuﬂ - N : Half-wave
© t26 LRGESNI RdZYLI pn L Soedars | Resonstor &
w ¢HY tAldAR YSGlt dFNBSG _ $ 4
w ¢oY IANIYydzZ NI GFENBSG wmnn EPICS RC'C”H \w A= Ba= )
w ¢nY mMn a2z Tl aKeffNOEOF;0emd 6fEDS] . 9 > S Q . 7 Q
W CpY dzlJa NI iEfcolHAR fs posatcNEISTIMEV/u \ 2
ADC| |ADC ATIC -

Beam Parameters: W
A Energy: 500 MeV (to 1 GeV) PO P et e
A Design current: 5 mA (to 10 mA) L0
A Reactor Power: 10 MW LLRF Architecture:
A Modes: pulse & CW (Hus gap for reactor)A DSP boardFPGA with duaiore CortexA9 ARM processor; optical
A Energy stabilitys1% @ 1€500MeV fiber Ethernet; White Rabbit timing
A Current stabilityp1%@ 5@smA A RF frontend: analog frequency synthesis for highly integrated up
A Position stabilityslmm and downconversion; consistent design for different RF frequenci
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A
Digital LLRF (DLLRF) controller

DLLRF features:

A Digital self excited loop
A EPICS IOC integrated in

A Fiberbased Ethernet
A Independently work for

to turn on cavity

embedded FPGA

high reliability

Beam starting up procedure
Repetitive rate: 100 Hz

Beam

1

H N N

Y
The beam commissioning process

All LLRF system of SC cavities in
CAFdI has been replaced by
the newly developed DLLRF

Chlna Accelerator Facility for

nEwElementsCAFdl)
CAFdl LLRF
FF C‘o;ztrof‘\ i, (k) Error i e; (k)
0 ity (k) 0 e (k)
wn | s I
- Si’;ﬂpfe {\,/-\ Sfﬂ”%’?
ILC adaptive
feedforward
4 control
| I algorithm

Ireration

h*’ """"" t.lpload to upper computer
yﬁl (k) k

-
|

a0t Beam=10mA

'; 3 1
&4 A‘ \/ —B@aMLdMCEdﬂAA/A o ansient  Beam induced
2 24} o 0 transient in
0 2000 4000 6000 8000 o
Time [us] cavity voltage

Inc. Duty cycle

gfms b’w % (with FB, no
Z-110¢ 11 ©
RN Im ILC FF)
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@ || RF System of CIADS (cont.)

V The amp and phase
stability test onCAFdI

F0.1%0.1°c rms(

The longterm stability
test with 10 mA CW beam.

V The new adaptive learning feedforward control function was also demonstrated on thm&C

Epeak FF table
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