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FERMI Is a single-pass linac-based FEL user-facilit y covering the wavelength range from 100 nm (12 eV) to 4 nm (310 eV) and is located next to
the third generation synchrotron radiation facility Elettra in Trieste, Italy. The first FEL linein o  peration (FEL-1) has been opened to users at the
end of 2012, while the second FEL line (FEL-2) cove ring the shorter wavelength down to 4 nm Is in comm Issioning. The 1.5 GeV S-band linac Is

composed of fiteen 3 GHz 45 MW peak RF power plant s powering the gun, sixteen accelerating structures and the RF deflectors. The
aquirements on beam quality impose tight specifica lons on the | '
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high reliable and high performance state of the art LLRF systems. This paper provides an overview of t he performance of the system,
discussing the achieved results, the strategies ado pted to assure them and possible upgrade paths to | ncrease the operability of the system.

Introduction FERMI LLRF
A Synchrotron Light Source:  EEAuiEN" - = Specification on amplitude and phase stability: 0.1% and 0.1° at 3 GHz.
The S-band linac is presently composed ‘ _ & = All-digital system, specifically developed for FERMI.
of sixteen structure: = = f_ = System developed in the frame of a collaboration agreement between Elettra -
» Two traveling wave (TW) 3 m Foon | ool -ob Eoar Sincrotrone Trieste and Lawrence Berkeley National Lab.
long Y e ~ /4 = Loops in operation: amplitude, phase, cable calibration and phase locking loop.

= SLED: phase reversal and phase modulation.
= [ntermediate system :
= Commercial processing board (LLRF4).
» |nstalled from beginning
= Requirements for machine operation met
* Final system:
* Processing board specifically designed for FERMI
= First two units in operation on the machine.
* Firmware ported from LLRF4 board to the final board.

= Seven traveling wave (TW) 4.5m
long

= Seven backward traveling wave
(BTW) 6.2 m long.

The machine layout reserves the space
for two more structures

Fifteen S-band 45 MW,
4.5 ps. pulsed klystrons

are installed. _ _
o Une® | Gimest | Loz | Linsed | = |t will allow further firmware developments of the system.
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operation on a 24h/day *7 Ty ONYDN

The final system

RF Diagram for FERMI

basis for more than
6000 hours/year.
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Malin features of the AD board e e I i, i .
# ADCS 5 N rrFwp ,|  (Fermi-LLRF Board) v Trig Cavity :@ » ADC fecdecoccncaaa- S E
ADCs Resolution | 16 bits " More ADC Char_mels'_ ) - ; : """ .
DACs Speed 484MHz " Input channels I.SO|at|(.)n >95 dB. ‘R"”'“—l P npr.znveidm.g@ S — L __y 5 e T
FPGA Virtex.5 = Qutput channel isolation > 75 dB. s ol I e B e
FPGA Clock 242MHz = Digital acquisition accuracy 0.017° and 0.029 %. s [ - S
Communications |4 SFP GB = DAC OUtPUt: 0-0180’ 0.032 % noise RMS @99 ‘— e ——> Sgan | eeeeeeess > Signals
Memory 2 x 2GB MHz. | . — ol | |
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Performance improvement

# Channels IN 6

# Channel OUT 3

VSWR <1.12:1@3GHz(-25dB return loss)
Input Isolation >86dB Channel-to-Channel

Output Isolation >75dB Channel-to-Channel

Noise on Output | 0.0025° added in RF up conversion

With the simple replacement of the LLRF4 board with the FERMI AD board, without any
modification of the firmware, the performance of the entire system is improved by 20% in the
achieved stability of both amplitude and phase.

Amplitude stability with LLRF4 (0.044%) Amplitude stability with FERMI LLRF (0.030%)
Noise on Input 0.0005° added in RF down conversion , . |
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The comparison between - , - | |
LLRF4 and AD board. «
Phase stability with LLRF4 (0.058 deg@3GHz) Phase stability with FERMI LLRF (0.046 deg@3GHz)

Phase modulation — SLED :

To get the maximum energy the last seven
structures have been equipped with a SLED
system. Due to breakdown problems inside
the sections, that was the result of high
peak fields generated during conventional
operation, the sections experienced

oSt G e o B Mook Long term acquisition (~15 days) comparing the resu  Its with the two boards.

Cable Calibration Loop

k03 - Phase drift compensated by Calibration Loop over 28 hours

Normalized Input Cavity Field

difficulties in reaching the desired gradients. The cable calibration loop is meant to compensate the
To lower the peak field and make the ., elongation of the cables going from the tunnel to the g
compressed  pulse  flatter”,  phase- T T T - LLRF chassis, improving the long term stability of the i
modulation has been implemented on the ) phase measurements.
LLRF.
Next Steps:

The new board will allow introducing new functionalities, such as: References

= Replacement of the intermediate LLRF
chassis with the final board is started.

= Real time communication between LLRF units. . .
LLRF Performance Results in Fermi@Elettra”, LLRF2011, M.

Milloch, A. Salom, et al.

“LLRF Hardware architecture and performance of
Fermi@Elettra”, LLRF2011, A. Rohlev et al.

“LLRF Firmware of Fermi@Elettra”, LLRF2011, L. Doolittle
(LBNL).

= Enlarging of average time of calibration and phase reference signals

" Firsttwo chassis in operation since August (increase in the Signal to noise ratio of the measurements);

without problems o
= Intra-pulse feedback (measure and apply correction in the same

" Plan to complete replacements by 2014. pulse in particular to correct jitter contributions);

: nvestigate iterative learning (to remove periodical known errors).
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