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The International Fusion Materials Irradiation Facility (IFMIF) has been designed to test the
materials to be employed in future deuterium-lithium fusion reactors (2007).

IFMIF/EVEDA project (LIPAc facility): Is a linac with a total nominal power of 2.65 MW that
will be injected in the Radiofrequency Quadrupole (RFQ), the Medium Energy Beam Transport
(MEBT), and the Superconducting RF (SRF) cavities by means of 18 RF power chains:

+ 8 RFQ of 200kwW A{cgeleratzc;r 25Lithiun’: T:\rlgset/ Test Cell
125 mA x 1 mm thick, m/s

- 2 MEBT of 16kW E e o

- 8 SRF of 105kW oo gl [}XHXE cing moc [ 1 | B

100 keV 5 MeV 145 26 40 MeV

Ciomat ﬂmm 0 0070 ﬂ Seam shape: - yigh 570 dpay, 05 1

: R Medium  (>1dpaly, 6 L)
Energéticas, Mcd'o.u‘nb\enulm RF Power SyStem LOW (<1 dpa/y’ 2 8 L)
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at 175 MHz. Seven Solutions was recruited to provide:

 The Low-Level Radio Frequency (LLRF): responsible to control/tune the RF cavities in the
accelerator. It also supports the synchronization, data logging and fast interlock system
related to the RF cavities.

Cavity Field Sample
| -
>
D*Beam | accelerating Cavity
A
LLRF RF Pre-driver RF Driver Submodule RF Final Amplifier Submodule
175 MHz P Solid State > Driver Tetrode > Final Tetrode P Circulator
1 mwW 400 W 16 kW 220 kw
. . . A 4
* And the clock distribution for BPMs.
oa
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White Rabbit?...An extension of Ethernet.

» [twas born at CERN for time and frequency dissemination up to 1000 nodes
» Ultra-synchronization: Sync-E & PTP (IEEE-1588v2)
= Sub-nanosecond time accuracy
* Clock RMS jitter ~2 ps (1Hz — 1MHz)
= Accurate timestamps
» Thousand of nodes: compatible with standard Eth. nodes
= Distance range over 80 km
» Robustness & redundancy
= Self-calibration over long distances
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How White Rabbit works 15 00 ks
Synchronization: Sync-E & PTP (IEEE-1588v2) 124.98 MHZ

Small differences in the node/switch 125.03 MHz I
individual clocks. @

Sync-E : O
12500vMHz - T MM L
Common notion of frequency!! 3
125.00 MHZ I | I | ; | I | I |

SYNTONIZATION VIA SYNC-E 125.00 MHz

e i
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RF clock distribution:

Coaxial Fan-out White Rabbit net
Analog and tested |[Digital, new and tested

Ease to install Ease to install
Nee(_j to . Auto-characterize
characterize lines
Electromagnetic Fiber optic 130 mA 9 MeV deuteron heam
effect P i.e. 1.2 MW beam power ”34':
T Derivati Self compensation 16 RF chains 200 kW each (Ciemat) N
»
emp. Lervatlon |\ ith temp. changes RFQ 0.1 - 5 MeV {INFN) i ¢ g \
Not scalable Scal‘fjble SRF linac §-3 MeV (CEA) ch \ :
x Enc'gé(n;a;.ecf:ﬁ;;?:;:nenmlm
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Timing Distribution for IFMIF-EVEDA using W hite Rabbit

IFMIF/EVEDA LAN
WRS Grandmaster Iﬁ ‘jn
LLLLLL

w --'..---'F..FTFT

Timing and clock distribution thought
the accelerator (WR):

. . . 175 WHz WRCIock . \:'E
* Frequency distribution through all . Box 7 fF 7 7 7
LLRF LLRF LLRF LLRF

10 MHz

] NTP Server

WR node of the particle accelerator. ® SRR I I N2 B I B
. . . mu-m WRS master

Common sense of time in all the ___,__,_,__,_,________ﬁ i

devices: Time and events are also it _ LLRF
distributed and used for triggering and | = condi Cale >
] . . 75 75 7S 7S spr Moster
time stamp the diagnostics. V)| LLRF jFLgRF LLRF | | LLRF L=

o
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16 Analog-Digital converters (125Ms)

2 Digital-Analog converters (1.2Gs)

GB Ethernet (SFP): White Rabbit compatible node.
Digital 1/0O signal: Interlocks, Timing trigger system,...

2X

Main Features ) ‘ . PlegPz P P4 @PS P6 P7 PB PP PIO Il gl
. Intel® Core™ i7, 253 GHz v DD
= Dwal-core B4-bit processor W
= PICMG CPCIS.0 CompactPCIE Serial i s“‘“
= Uptod GB DDR3 DRAM soldered, ECC
= mSATA and microS0™ card slots
= Standard front 170 2 DisplayPorts, 2 Gh Ethemet, 2 USE
= Standard rear KO 7 PCle®, 8 LISE, B SATA,

DisplayPort@HDMI
= Rear ¥O via mezzanine board: up to 8 Gigabit Ethernet
= Intel® Turbo Boost 2.53..3.2 GHz, HyperThreading, Acti
Management Technology
= Open CL1.1 support
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Beam Pulse Mode LLRF Main Parameters Setup

Beam Pulse Mode < (iiED <D Amplitude & Phase Setup Wite Def. |

. . (Cavty Voltage (mV) u-lwom

= Control of acquisition, interlocks and data logger through e - - camon. o) (TR
T | [

Cav. Volt. Limit (mV)
EPICS platform & CSS/BOY. =y 0 ==

— Amp.RampRate {0.06r v | 0.06 v:mV/S
= Integration of White Rabbit protocol to synchronize LLRF e prss a1 ] 05 + %
Conditioning Mode <iiE» <> e (mv)‘ T ‘[wool
SySte ms. Auto Mode - -l Am:Reﬁmn (usm;-

i i ; : Pulse Width (us) [10us-1s] praseRenin (XU KRR o250
= Characterization and calibration of the ADC/DAC. s ==mms_m JU | (N

. . Number of Pulses --[0-55K] :, _-EE?:]]
= Creation of a Python testing procedure to check the cranoey ) [N vscis| oo e e

guality of the components (PLL, VCXO, ADC, Attenuators, vacwum Lowkigh SN EEEREH ek (oo

LLook MO Ref. O >
etC) (Quadrant tarllt  v|

En.VcavPhShit «EENL> <ENL>

Phase ShitVeav n-[o-aeor

Enable Vetrl PhShift «qiEES <D

phase snitvcr! (T R 250

# SamplestoAvg |2 v

Filter Stages 0 v v
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Lab. Setup | N
Test T T R NCRY s EN

_ : o :
- 5 5| Variable o B |—>
; Attenuator =3
B Amplifier 2
—‘": - ... : (15dB)
Optical Fiber
PPS| [10MHz ‘ @
>{\ o 2 i
(SR — A = |

Amplifier

Rubidium (20dB)

Oscillator

\ 4
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RENTS

Settings Residual Noise Spot Noise [T1]
Signal Freq 175.000000 MHz  Eval from 10 Hz to 10 MHz 1 kHz -95.77 dBc/Hz
signal Level 5 dem Residual PM 0.149 ° 10 kHz -103.37 dBc/Hz
Signal Freq A Residual FM 4.698 kHz 100 kHz -115.92 dBc/Hz
Signal Level A RMS Jitter 2.3656 ps 1 MHz -127.33 dBc/Hz
Top -80dBc/Hz  RF Atten 15 dB
® 1Clrwr @®2CIrwr @ Trace RMS Jitter
RS improved GM (GM) 10E-12 s
VRS improved GM (SLAVE) 14E-12 s
% WRZEN v3 GM 14E-12s
VRZEN v3 SLAVE 3.0E-12s
1 Amplifier
1 (15dB)
3
Optical Fiber
5
1 > -120 \H“J
Amplifier M A.
e i e @@%
-140
PYAPNC S YT Y
A A T i
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz|
L Frequency Offset )
-180.0
10 Hz 100 kHz
-190.0
10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
'{.\f‘p‘_
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Lab Test: 56 hours(0,25SPS, 49KSP), 6° Temp. deviation

2000 ~

RF = 175000000Hz (StdDev = 0,0000006233 ) 1500 -
Frequency deviation: 1600 -
7 1400 -
Min = -0,0002207% ; Max= 0,0002203% E 1900
RMS = 0,0000633 % glooo ]
‘2 800 -
g

i ™~ Variable 2 |— @ 600 1
R ’7 ’}ﬁ @_) 400 -

Optical Fiber L 200

- l > :‘> 0 il
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Accelerator

(125 mAx 2)
MEBT
LEBT
Source RFQ w e|Resonptor
Bl - X ondcting {ina
140 mA D*
100 keV 5 Mev

Lithium Target
25* mm thick, 15 m/s

RF Power System

Centro de Investigaciones

rrrrrrrrrrrrrrrrrrrrrrrrrrrrr

FUSION
FOR
ENERGY
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Test Cell

HEBT
-

9 145 26 40MeVv

ﬂﬁ‘ﬂﬁ‘ ﬂﬂﬂﬂﬂ

Beamjshape: High

e (>20 dpa/y, 0.5 L)

Medium  (>1dpa/y, 6 L)
Low (<1dpa/y, >81L)

[FMIF
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First results in the conditioning of IFMIF/EVEDA RFQ cavity
* RFQ cavity of 9.8 meters
« Conditioning of RFQ cavity

» 8 independent amplifier chain & RF control.

% .

Y . TR

FOR
ENERGY

Centro de Investigaciones
Energéticas, Medicamblentales =55
y Tecnolégicas

(FM(? FUSION
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RFQ condltlonlng
First results::
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Tektronix
Enabling innovation

Zoom Factor: 800 X
et

[
e = | R it SRR EEE e ‘j 6.10us 198mv
Teklmmx

Enabling Inr

_____ e Sy

Zoom Factor: 800 X
& 50.0mvQ 50.0mvQ Lu+v29.3488 7]

e = | e R LR T T O 6.10Ms 198mv
O 6.11us 102mv
Al.60ns A300mv

Thanks to CIEMAT and
FAE/QST institutes in I | | i i
Rokkasho (Japan) s ) SRR W R SO SO AU S LA

i Z10.0ns 1.25G5/s
@@ 50.0mvQ & 50.0mve T} 3488us 100k points 14.0mV [ 15:33:31
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« We have developed a scalable, flexible and totally digital LLRF for
IFMIF/EVEDA project and LIPAc facility in collaboration with CIEMAT.

 We use White Rabbit Technology to distribute clock and time through the
accelerator RF controls (LLRF, BPMSs) in a synchronized way.

« LLRF test results provide better accuracy and precision than expected:
» Precision: 2,3psec (10Hz-10MHz without optimization)
» Accuracy: 60/100psec (without specific calibration)

« Some characterization and optimization must be done.

 First results in Rokkasho were a grate successful and 8 independent amplifier
chains for a RFQ cavity conditioning were synchronized.
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Thanks for your attention!

Many thanks to CIEMAT and F4E institutes in Rokkashq
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