SOLEIL Low level RF system
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»SOLEIL main parameters

»Booster amplifier

»Booster RF control system

»Booster and storage ring low level RF system
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» Future digital low level RF of storage ring

»Microphonic measurements

»Direct and digital feedback simulation model
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SOLEIL main parameters

R.SREEDHARAN

2 (1) cryomodules

RF frequency (MHz) 352.202
Harmonic number 416
Nominal energy (GeV) 2.75
Energy loss per turn (keV) 1050 (950)
Momentum compaction factor 4.38 104
Energy damping parameter, D 6.88 10
Cavity loaded quality factor 10°
R/Q per cavity (Ohm) 45
Beam current (mA) 500 (300)
Total cavity voltage (MV) 4 (3)
Synchronous phase (°) 73.6 (71.5)
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Booster RF control system
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Amplifier monitoring display

AMPLI ANNEAL
Do D1 D2 D3 D4 Db D6 D7 D8 09 D10
¥ OnOlf [~ OnOi = OrDif I~ Or0 I+ On/0H I~ OO R Onf00 I~ DO ¥ Dn/OIf I~ On/if  Préamphs
6.8(6.7|/0.0(00|(/69 680010017069 ||00|00(70|68|/00(01||l68|68((0.1]|01]0
0.0(00] (92929293 |[9.0]92|/899.0 (/9003|9303 |/92]03 (/89|00 | 89|o2|02]|01]1
0.0[0.0] |9.4]|93 |[9.1]9.4 |88 0.1 |[89]93 (9.4 0.4 ||9.0]93 |[91[02] 92|03 |[92]92]89(00](2
0.0 (0.0 19.0(9.0|/92/|9.4(90]9.1|/82/89|9.1]9.2|/9.1]9.1(/9.0[93|91[9.1][93]|95/(90[90]|3 A
0.0/00] (9191 (/9.0]|93 (/8991|8989 |/92]92](/92]94 9193 91]93]|[o3]93]o1]92]|4 v
0.0 [ 0.0 9092191922 ((92191 (/90|91 ((9.1]9.2]]9.0(9.2 (/8993 (|91 |23||91(94|/91|92(5 T
42040 91|93 |/9.0]02]|/88]03 8902 ||9.1]92]/9.1]93 9193 | 90]01][93]03]93]0.1]s
TN REERE g88(92||91(90(|9093|(21193|/88(|9.0||/9.0(|92|(|9.1(9.1|(/91(23||9.1|93|(9.0|92| 7
n o |92]93(|91]91 929388898990 |93 |01 ([9.1[9.4 (9093 (/9090 89]92]s
@ . 231001126 1001(22100 (26100 ((2.410.0 (2410012600122 1001]2.4|001]]2.3]00 P.Wl
25(00 240026002500 240024002400 24]00]|/22]00]22 |00 | P
. . 89(91(/92(92((94(95|(20192 (/9494|9194 (|89(9.1(|93(95||94(96(/92|95| 8
w W 19191 |92(93(/9.0[93 (/9001 | 92[92]92[03 |93 [95]92(04 | 9002|9203 7
Dusée de cxcis 2] 8719019391 1((89(921/9319.1((9.5]9.4(]9.1|9.4(/90(9.1||94|95](91(921(/92|92| & E
000 1@ 9.119.1 (192193 (192192 (|92]0.1 (18989 ||92]02 ||92(01 ||92(03 /91192 /95(06| & ¢
el 9.0(93(|89|90|(920(92(/9.1|93((892]92(|19.0|9.1(/9.1(93(|923|94(91(94|/89|92| 4
m:;'“.%’*‘igf“ 89899293 |/9.0]9.1]|/9.1]9.1|/91]|90]/92]93|/89]92 (/93|93 (/91 |92(/93]|03]3
eausmon |89 (91 (8893 19219.1 (1921921192193 1191192 {89192 {96195 {/9.0|93 |19.0|9.0 | 2
9.0/|9.1//9.2]04 (/0493|9293 ||92]|9.4 /9090|9191 92|93 ]|[01]04(92]93]|
| ON 72(711100|01}|69 71101007373 (/0000|7273 100|00]||76]|7.7]|0.0|00] 0
¥ On0i [~ Ond0ft  Ons0f I~ Ons0f F Ond0H I On/0H R OnsOfH [ OnsOk ¥ On/0i I On/Ofl  Préamphs
SEUILS ALARME ] ~ ’ ’ ]
4560 1w PiMax =2.60 kKW D2 PrMax = 0.00 kW D3

PrT=0.00 kW
AVSD PIARPGe = 84.28 kW

PiMin = 2.20 kW D3
IMax=9.60 A D8

PrMin = 0.00 kW D1

IMin =6.80 A D1

o

SAYE BMP

’ SAVE FILE j|

pRINT |

R.SREEDHARAN

Dissipater n°

\
I, , for
the 9 upper
modules
/
Pi, Pr @ 2.5 kW
\
I, , for
> the 9 lower
modules
/

1st stage or
stand-by

SOLEIL

SYNCHROTRON



Booster LLRF system

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

[ Phase loop [ Frequency tuning loop
[ Amplitude loop l
RF 35 kW
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Amplitude Phase Frequency
Accuracy +0.25 % +04° + 30 Hz
3dB BW 3 kHz 1.5 kHz 5 Hz SVLEIL
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Storage Ring LLRF system phase 1

SR LLRF = BO LLRF + direct RF feedback

I Phase loop RF 190 kW
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Storage Ring digital LLRF Phase 2

. Fl (FPGA based) phase and amplitude loops,

evelopment 1n collaboration with CEA
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Architecture of FPGA

Module Architecture

Heron 102V2 board

1/0 + RS232
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AC FPGA Architecture Design
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Digital IQ Demodulator

Reference signal
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Low pass FIR filter

- Agilent  20:58:49 Oct 26, 2005 Sweep
Mkr1 100 kHz
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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.
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Microphonic measurements

o \ Cavity spectrum
Lx:4so.5 Method :
Y: 1.41e+005
e Measurements of
X:296 | ¥+ 5.1480+004 | cavity microphonic
634ex004 77 - o h ”””” - xtom . | using phase detector
0 Lt AM N»JJM ) J sl y s »m ) AnJﬁM s J\ i JLM_ On tunlng loop.
500 1000 1500 2000 2500
. rrequency () The major disturbance,
Cavity 2D spectrogram around 460 Hz, is likely
: f related to a mechanical

420 440 460 480 500
Frequency (Hz)
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eigenmode of the cavity

The eigenfrequency
associated to this mode
may change according
to the helium pressure.
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Direct and digital feedback simulation model

First order cavity model Beam loading
: L R
v, =1V, -V ~tanyv,] Vi=V, + o, (5j qcos,
V.= % [Vgi— V+ tanq;.Vcr] Vi=V_+ o (%j qsing,

Synchrotron motion

AE"™ =AE] V. cos| g, +(58) -8, ]-(U, + DAE])

ot n 2T [ n " U,+DAE
(5@)1 1:(5@)1' _A{AE; _V;COS[%O"'(J@L _¢c]_ ° }
fo E, 2
Direct feedback Fast 1/Q feedback
vg :vgo + G (VCO _f)vc) {J/g :f\\}gO + GI (VCO _f) Vcr)_ J (}Ql/j Vci
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dE/EOQ

Disturbed beam stability study

Disturbance parameters used in simulation

Injection phase error (°)

5

Relative injection energy error (%)

-0.1

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

. No feedback
1.5 ‘ ‘ ‘ ‘
IR e e e T
-
YR P R R ER—

dphib(deg)

Stabilized steady state :
microphonics
disturbance included
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Direct RF and Digital 1/Q feedback loop
B performances

3x10 ‘
Damping Time = 6 ms ‘
P e o
L] / ,,,,
| ‘ ‘ | \ (4
| N — |
2b - m oo :,:>\:j,\, ,,,,,, I _ ‘ J
| Direct gain =10
! ! 1/Q gain =10
36 4 2 0 4 6
dphib(deg)
Cavity phase residual error 0.6 ° pk-pk
Cavity voltage residual error 0.08 %

SWLEIL

SYNCHROTRON




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

BPM signal is more
sensitive at 1.4GHz

BPM FO=1.4GHz
> 2 /
——»
L—
—— —— A 200 MHz ADC in
BW low pass

~ Spring 8
35 x4 FPGA
| Based System
RFclock — /4 —*
DAC out DAC out
Stripline kicker 0 m

TED Spring 8 System
Designed specifically
for transverse feedback

<_<<_
<_<<

0.01 to 250 MHz
Power amplifier 75 W
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