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SOLEIL main parameters
Booster amplifier
Booster RF control system
Booster and storage ring low level RF system

Future digital low level RF of storage ring 
Microphonic measurements
Direct and digital feedback simulation model
Transverse feedback under development

SOLEIL Low level RF system
Existing:

Under development :
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105Cavity loaded quality factor
6.88 10-4Energy damping parameter, D

1050  (950)Energy loss per turn (keV)

73.6  (71.5)Synchronous phase (°)
4  (3)Total cavity voltage (MV)

500 (300)Beam current (mA)
45R/Q per cavity (Ohm) 

4.38 10-4Momentum compaction factor

2.75Nominal energy (GeV)
416Harmonic number

352.202RF frequency (MHz)

2 (1) cryomodules

SOLEIL main parameters
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Booster Amplifier :

2.5 kW 
ampli

8-way 
splitter

2-way 
splitter

2x20 kW 
combiner

35 kW

40 kW 
coupler

2.5 kW 
ampli

8 x 330 W

2.5kW 
coupler

20 kW

(18 x 8) + 3 = 147 modules
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µcontroller Hardwired
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Booster RF control system
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Dissipater n°

I1,2 for
the 9 upper
modules

Pi, Pr @ 2.5 kW

1st stage or 
stand-by

I1,2 for
the 9 lower
modules

Amplifier monitoring display
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3 conventional « slow » control loops for the frequency, amplitude & phase
remake of a LURE design adapted to the SOLEIL needs

5 Hz1.5 kHz3 kHz3 dB  BW
± 30 Hz± 0.4°± 0.25 %Accuracy

FrequencyPhaseAmplitude

Phase 
control

352.2 
MHZ

Voltage 
control

Tunerϕϕϕϕ

PID PID

Drive
3dB Coupler

RF 
SWITCH

35 kW 
AMPLIFIER

CAVITY

-+

ϕϕϕϕ Tuning 
control

PID

ϕϕϕϕ

Phase loop

Amplitude loop

Frequency tuning loop

Vcav

δδδδV
δδδδ ΦΦΦΦΦΦΦΦo

ΦΦΦΦcav

ϕϕϕϕcav

ϕϕϕϕin

δδδδf

RF ON / OFF

Booster LLRF system
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Storage Ring LLRF system phase 1
SR LLRF = BO LLRF + direct RF feedback 

Phase 
control

352.2 
MHz

Frequency tuning loop
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control

Tuner
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Drive

3dB

Coupler

RF 
SWITCH

190 kW 
AMPLIFIER
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Tuning 
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PID
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Direct RF feedback

Direct RF feedback
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Drive

RF 
SWITCH

190 kW 
AMPLIFIER

CAVITY
MODULATOR

I             Q ϕϕϕϕ

PLCPLC

C-PCI

352.202 MHz

HERON
SYSTEM

342.202 MHz

10 MHz

AD8345

AD8138

AD831

PLL

ADC

DAC DAC

FPGAR
S2

32

ADC

LP FILTER LP FILTER

Storage Ring digital LLRF Phase 2
Phase 2 : fast digital (FPGA based) phase and amplitude loops,

under development in collaboration with CEA 

Tuner

Filtering
unit

Base band
f-converter

I-Q
modulator

Digital unit
(ADC-FPGA-DAC)

VCO
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Heron IO2V2 board

FPGA Architecture Design

ADC
A

FIR
FilterSynchro

10 MHz

Clock Divider ( by 4)

Clock 160 MHz
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IQ
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orADC A 

Calibration

Mag & Φ => IQ

DAC A & B 
Calibration

(ROM)Lock
System

DAC
A

DAC
B

DCM RS23250 MHz

ADC
B

Mag_ref Φref

FPGA HERON
IO2
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Cavity RF I

Q

Unused

Architecture of FPGA

VIRTEX II

I/O + RS232

PROMJTAG
FIFO HERON

FIFO HERON

AC
Clock

Jumper system

HERON Signals

12 bits 14 bits

Module Architecture

ADC DAC
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The experiments shows that we 
cover 0 to 360° as shown with 
different amplitude.

Digital IQ Demodulator

Amplitude and
phase adjustment
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FIR filter was simulated with 
MATLAB Toolbox which 
provides a filter coefficients file. 
This file is added in ISE project 
root for FIR filter.

The theoretical results agree 
with  the measurements, as 
shown.

Low pass FIR filter
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Cavity spectrum

Cavity 2D spectrogram

The eigenfrequency
associated to this mode 
may change according 
to the helium pressure.

The major disturbance, 
around 460 Hz, is likely 
related to a mechanical 
eigenmode of the cavity
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Y: 1.41e+005

X: 1217
Y: 5.148e+004

X: 1974
Y: 2.088e+004

Microphonic measurements

Method :

Measurements of 
cavity microphonic
using phase detector
on tuning loop.
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Direct and digital feedback simulation model
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No feedback Direct RF and Digital I/Q feedback loop
performances

0.08 %Cavity voltage residual error

0.6 ° pk-pkCavity phase residual errorStabilized steady state : 
microphonics

disturbance included
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Disturbed beam stability study
Disturbance parameters used in simulation

‘Real’ microphonics (~200 Hz pk-pk detuning)

-0.1Relative injection energy error (%)

5Injection phase error (°)

Direct gain = 10
I/Q gain = 10

Damping Time = 6 ms

System unstable in 0.6 ms
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Transverse feedback under development

Multibunch transverse feedback:
To deal with multibunch instabilities

Status : starting of this project
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Transverse feedback under development

ADC in

Σ

∆

Σ

RF clock

200 MHz
BW low pass

Stripline kicker 0 π

BPM

0.01 to 250 MHz
Power amplifier 75 W

x4

F0=1.4GHz BPM signal is more 
sensitive at 1.4GHz

/4

Spring 8 
FPGA 
Based System

DAC outDAC out

TED Spring 8 System
Designed specifically
for transverse feedback


