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Libera LLRF system
• Digital RF stabilization system:

all-in-one, 
customizable,
ready to integrate in the control system



Libera Workshop 2008

RF cavity (“Elettra” 500 MHz, Q=42000)
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RF system & LLRF
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1 or more MW Beam
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Cavity probe

Cavity tuner
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Input power coupler
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LLRF and cavity-beam model
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LLRF system
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Set-point signal generator

(the Vector sum “goal”, 

described with I & Q comps., 

amp. & ph. ...etc...)

The only signal generator in 

the system.

Customer

specific

controller

Preamplifier

and klystron

amplifier

RF cavities

(up to 32 / RF plant)

Downconverters

+ ADCs Digital phase

rotation and

DC rejection

Vector-sum

DAC(s) + 

Upconverters

LLRF System (implementing the cavity field stabilization)
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RF system characteristics
1) SuperConducting vs. NormalConducting RF systems:

- NC: EMMA: RF freq. 1.3 GHz, BW=56 kHz, Q=23000

- SC: XFEL:   RF freq. 1.3 GHz, BW=100 Hz, Q=13E6 (sophisticated tuning system (piezo))

2) Pulsed vs. CW:

- CW: RF field on all the time (storage rings)

- Pulsed systems: RF field active during a limited period of time (few ms) repetition rates

from 10 Hz to 100 Hz 

time

Beam

Bunch train

650 us

1400 us

The set-point signal generator drives the set-point

reference. Therefore the regulator ramps the cavity field.

Flat top
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LLRF signal levels
ADC9:

-RF inputs 1-9: 20 dBm

-Cal. input : 20  dBm

-LO   input : 0  dBm

TCM:

-Ref. Input : 0 dBm

-LO output : 18 dBm

VM:

-LO input : 0 dBm

-RF in           : 20 dBm

-RF out : 12 dBm
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Distributed processing
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Data paths
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SW interfaces
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GUI



Cavity simulator
Designed to model the CPI IOT power amplifier non linear effects, limited bandwidth and the EMMA NC 

cavity.

- Based on upconversion and downconersion chains + BBFP

- Nominal RF frequency 1.3 GHz

- Nominal BW= 56 kHz (Q=23000)

- IF frequency 100 MHz

- Sampling frequency for IF 350 MHz

- Conversion LO frequency: 1400 MHz

- other features: variable gain, phase, resonant frequency and group delay

Frontend module 

(downconverter

& digitizer)

VM module 

(controller & 

upconversion)

RF cavity and RF system simulator
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Libera LLRF performance
Input RF chain crosstalk (far end): - 70 dB

Crosstalk ratio at IF level: - 60 dB

Open loop stability:

Amplitude: 0.007 %

Phase: 0.005 deg

Estimated latency: 200 ns
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Thank you!
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64 STEPPERMOTOR CONTROLS 

(WAVEGUIDE TUNING)

16 FORWARD AND 16 REFLECTED 

POW. SIGNALS

XFEL LLRF example
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19” Rack (Stack of 3 LLRF units

serving 1 RF plant (Nth)) 
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