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SOLEIL Overview

« Electronic modules for Beam Position Monitor

« Industrial device
— Specified by SOLEIL for light sources
— Detailed design and construction by Instrumentation Technologies (Solkan, Slovenia)

« Machine equipped with Libera:
— New machines: — Upgrades:

» SOLEIL - ELETTRA

» Australian Synchrotron
« ALBA

« NSRRC

+ SSRF

« PETRAI

* Product evolves with the new customers:
— Libera Electron became Libera Brilliance (new RF board)
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SOLEIL Overview

Ethernet link for
dla- communication and integration
Outside: . into the control system 8 SFP connectors linked to FPGA
2 serial RS485 ports Rocket I/Os for fast communication

Timing interface: trigger, clocks, 4 analog inputs from
interlock and Postmortem pickups

Single Board Computer (SBC):
— ARM processor
—  Linux

— Some data processing and
interface with Control Command

Analog Board (4 multiplexed channels) Digital Board (Xilinx V2P FPGA)
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SULEIL Libera principles: switching

SYNCHROTRON

H nalog Boar Digital Board
« Takes advantages of the 2 following systems: Analog Board =
— 4 channels - ek T
- High sampling rate, Bandwidth uAmm o P Lﬁlamljmﬁ
+ High Resolution N e e T
— Multiplex channel P B 2 P o
- Temperature dependence fney Dl el
« Beam current and filling pattern dependence ot | el :' e 6 |4 Jc |o |8
. . . Inpuw‘ - ADC 7 A B O T
* Need for a switching mechanism A 'l FR
: ~ e o (¢ |2 [8 |o
— Rotation frequency = 13 kHz O i oo i n_e |4 jc |0
— 8 positions (out of 16 possible) I N =
14 C A 8] B
- - 15 B A 0 =
- Digital Signal Conditioning to minimize side effects of switching mechanism:
225 2"3:_ I l"—] i :r"l”““ z: 225
| —— 2ot | | L g ] .ﬂ_ﬂ__}m NP e K ki ,,rﬂdl_,t_“r; © I
| “ 'ﬂ.,wqr-lbu L..rdl“ .
21 o | 21 it Amp. + phaSe
**I Switching OFF witching/ON ““I Amp. compensation| | compensation
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Turn by turn Data
0 to 130 ksamples
Slow Acquisition

ADC Data
. > 16 ksamples
Data
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Libera Data Flow
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Data on demand
Continuous data flow
N. Hubert
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SOLEIL Libera Data Flow: Turn By Turn

SYNCHROTRON

e Characteristics:

— Sampling rate at revolution frequency:

» 846 kHz for SOLEIL storage ring
— Buffer of data on demand
— Recorded automatically or on trigger
— Va, Vb, Ve, Vd, X, Y,Qand 2

« Applications:
— Commissioning: first turns

— Monitoring of booster and transfer
lines

— Machine Physics studies
— Tune measurements

January 14, 2010 N. Hubert
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SOLEIL Libera Data Flow: Fast Acquisition

« Continuous data flow at 10 kHz with a bandwidth of ~2 kHz
« Distributed on fast communication dedicated ports
* Purpose:

— Fast Orbit Feedback System

— Monitoring of beam position spectra

— Internal position Interlock feature

" Typical noise spectrum

F o 1%girder R Mains RN R R R ARG Horizontal plane | .
: mode 46 HZ il e T T A S b v Vertical plane

pmisqri(Hz)
S—L

..........

0 &80 100 180 200 280 300 350
frequency (Hz)

Typical noise spectrum BPM + Beam 0 — 350 Hz
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SOLEIL

SYNCHROTRON

e (Continuous data flow at 10 Hz

» Purpose:

— Monitoring the stored beam
— Data for Slow Orbit Feedback

tms =4 7421e-02  mean = -1.7512e-03

BFM= [mm]

rms = 6.5774e-02  mean = 1.6191e-03

BFMz [mm]

January 14, 2010
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Graphel, Trace 1

BPMx(l,4) = -1.509Ge-02
BPMx(1,5 = -1.1497&-01
EPMbx(1,6) = +1.5348e-01
EPhx (1,71 = -2.3611e-02
EPhix (2,11 = -1.1081e-02
BPMx (2,21 = +2.9054e-02
BPMx (2,3 = -1.9277e-02
EPMx(2,4) = +3.5381e-02
EPhix (2,5 = -24169e-02
EPhix (2,6 = -6.9689¢e-02
BPMx (2,71 = +8.1802e-02
BPMx (2,8 = +3.3655e-02
EPMx(3,10 = -7.6907e-02
EPhx (3,21 = -1 5269¢e-02
EPhix (3,31 = +2 1622e-02
BPMx(3,4) = +1.2211e-02
BPMx(3,5 = -2.5652e-02

EPMx (361 = -1 -0, bt
Storage Ring

Graphe2, Trace 1

BPMz(1,2) = -8.0990e-03

EPMa(l,31 = +2.7223e-02
EPMz(l 41 = -1 700e-02
EPM2(1,5 = -6.1330e-03
BPMz(l,b) = +1.8581e-02
BPMz(l,71 = +1.4243e-01
EPMz(2,1) = —5.9012e-02
EPMz(2,21 = -2.3471e-02
EPM2(2,31 = +9.5272e-02
B P
BPMz(2,50 3025e-02
EPMz(2,6) = +7.4525e-02
EPMz(2,71 = -3.1687e-02
EPM2(2,81 = -1.0158e-01
BPMz(3,1) = +1.9280e-02
BPMz(3,21 = +1.2741e-01
EPMz(3,31 = -2.0605e-01
EPMz(3,4) = -2.3028e-02
EPM2(3,5 = +3.5728e-02
EPMz(3.60 = +5.1530e-0.

sile]f

Il
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Libera Data Flow: Slow Acquisition
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SOLEIL Libera functionalities: interlock and Post-Mortem

SYNCHROTRON

+ Position Interlock system embedded in Libera modules

— Interlock output is triggered if:
* position measurement outside preconfigured thresholds
+ any ADC saturates (wrong measure of the position in this case)

— Gain dependant: interlock is inhibited at low current
+ Post-Mortem
— Abuffer of Turn by Turn Post-mortem data is frozen on user’s demand (beam losses)

>

Turn

Notification 44t First Interlock Cellule First Interlack BP Current Lost
120 C1 4 14 ANS-C14/DGEFME 401 55
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Load
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SULEIL Libera Electron Performances:
SYHCHROTRGN,\ ReSO | uti O n

\SAY
e‘a\o
?\? CF RMS Noise (um)
Data type (sampling rate) X y 4
Turn by Turn (Revolution frequency: 846 kHz) 2 3
Slow Acquisition (10 Hz) 0.02 0.05
-\
- \
~ 6((\ -5 EFt Data (20-Mov-2009 09:5_14'58}
S “ «
\%/E 1D ________________________________ | TDZIZIZIZIIIIIII
\~ = i —_ S
io EmonooaET
s U Bl
2 o 2 |t
“ T S SRS | O T

1;3 Eﬁ 3;3 4;3 E;ZI 11 2345678 910111213141516 \H RMS NOise On
Time [Seconds] Sector Murmnber 120 BPMS

60 sec of SA
data on the
beam

=5

..................................

<

‘Wertical Position [rmm)
[
Wertical STD [ram]

- - - . - 2
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SULEIL Libera Electron Performances:
Beam current dependence

« Automatic Gain Control:
— Front-end attenuators values are automatically adjusted to input level
— Steps <1 uym at each change of attenuators value

10 mA » 500 mA 10 mA » 500 mA
| L 1 (dB
Input Level (dBm) . ";;”t eve (°1'5m) ;
-35 -25 -15 -5 ) ) ) )

\ \ —— o | | o
g R [ o Bt
R - T e ¥ e PAs el

-0,176 @ N (A 0,046 @,
108 | |7 T o ] -0,048 S
— 5| | TRt e -0,05 _~—

0,18 =, : | | 3

e -t B A ———— L
~ Specifications: £ 1 ym 7 % Specifications: £ 1 um | s

‘ ‘ | -1 -0,186

| | : B e R 0,058
——————————————————————————————— - -0,188 | | |

1 1 1 -0,06

. -0,19 .
Horizontal Vertical

« Correction tables are available to compensate BCD
* Improved (announced <1 um) with ‘brilliance’ version of Liberas
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SULEIL Libera Electron Performances:
Crosstalk

 Crosstalk:

— Due to non perfect isolation between the 4 channels,
movements in one plane affect the position measurements
in the other plane.

— Crosstalk H->V has been measured on 145 modules.

Results (Azperturbated/ AXmovement) gives:

25 —

20

15 —

1l —

4500 - 15 b - 2510 -
3.5% 2,5% 1.5%

1,5 to - -5 to wil}, 5 T
5% +0, 5% +1.5%

1,510 V2,510 .
F 5 to 2
+2.5% +3.5% +a 5% i

— Has been improved with ‘Brilliance’ version of Liberas (-45 dBm instead of -30 dBm for ‘Electron’ version)
January 14, 2010 N. Hubert Orbit Control with Libera BPMs, LER 10 12



SULEIL Libera Electron Performances:
SYNCHROTRON Turn by Turn

rmpulse respanse

- Digital filtering for TbT data introduces:

~ Smearing between turns MZZZ NN .
— Frequency dependant amplitude i D'L ;\
attenuation 3 » o0
— Problematic for Machine Physic studies - fJ_ \ __
(FMA,...) i o R
ol o= :.f G“-“:!}E-e—ﬂ._n_g soooes
« 2 Solutions are investigated: "
— New filtering
* Moving average filter (MAF) ------ mmmmm - -
 Filter configuration depend on the filing — ! a;ig?;gréolgr\:\g?:gg q Vgg:;y :
pattern Lo e |
* Not satisfying at the moment ( poor o
resolution for short pulses) PE & ;
— Offline data processing | ,;’_/ TR
- Deconvolution of standard TbT data 1. 3 o i
+ Most promising solution B .
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SULEIL Libera and Orbit Feedbacks

2 sets of data used for orbit stabilization

— Slow Acquisition Data (10 Hz) @ —— ' Ethernet network to control command
. Correctclosedorbit
+ Slow Orbit Feedback (56 slow and strong correctors)

— Fast Acquisition Data (10 kHz) —— Dedicated network for data distribution

_______

Dedicated network topology for FA data distribution:

CELLN
™~ LIBERA
i
T LIBERA Data Distribution
LIBERA takes 24 |.IS max
t 7 to 8 BPMs per cell (16 cells in total)
LIBERA
i
To cell N+1 < > UBERA
I
To cell N-1 R LIBERA
I S— <« Copperlink «—, Optic link
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SULEIL FOFB Architecture

SYNCHROTRON

 FOFB algorithm is embedded in the LIBERA FPGA code
— Matrix multiplication split and distributed
— One Libera process only one line of the inverse response matrix
— 48 Libera (out of 120) are calculating correction data for FOFB
— New correction set points are sent to fast power-supplies at 10 kHz

1 120 LIBERA modules

48 fast correctors

i S UL T

5 power-supplies
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JLEIL Libera and Orbit Feedbacks

SYNCHROTRON

SOFB and FOFB are running together without frequency deadband

(down to DC)
— Interaction between slow and fast systems

« SOFB cancels DC part of the Fast Correctors
+ SOFB calculates a new reference for FOFB by predicting movement caused by its
next correction. This new reference orbit is continuously updated on all Liberas.

— Benefits of both systems efficiency
« Suppression of perturbations at high frequencies but also caused by insertion
devices with FOFB
* Long term stabilization with SOFB

Begin: 2009-04-07 0&:20:00.0, End: 2009-04-07 16:20:00.0

|

5um

o
Currert (mA)

Vertical Position (um)

FOFB anly FOFB  SOF

A\ 4

A

ding magnet
range and green)

Vertlcal beam posmon a  one |
source point (BPMs grey and X B
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SOLEIL Libera and Orbit Feedbacks

SYNCHROTRON

Vertical position stability at source points

ﬂ._ —-H— T — T TR o Integrated nalse
Bl e e e g e e P SRR BERLE MR

L
i
nm

w' Ao
w S == W{FOFE OFF |
= e = = i | =3 FOFE OH |
] ] | | == zromor|
! : i f|——zromon | :
o gk e Gy el 3 e [ Savsler 2 5 SRR i L LD
1 1 10¢ 10

; | Iregqueniny [He)

< 9 hours
17
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SOLEIL Libera reliability

SYNCHROTRON

« 161 modules at Soleil in operation since 2006 (120 on the storage ring)
— Systems rebooted twice a year
— 1 or 2 system crashes per year

- Failures history over 4 years of daily operation:
6- 0

0 Number of BPMs

0 01/06 04/06 07/06 10/06 01/07 04/07 07/0708 07/08 10/08 01/09 04/09 07/09
_ ) Components deficient from the \ )
Y beginning but not tested until
Youth defaults that time First ‘real’ breakdowns
(components, 2 analog boards
soldering, SBC) 1 SBC
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SULEIL Libera Users Community

SYNCHROTRON

» Libera are based on programmable ships
— Functionalities can be improved with software/firmware upgrades.
— Based on users demands, Instrumentation Technologies produces 1 upgrade
per yeatr.

ESRF, June 2009,

« Users community
— For all Libera users

— Meets once a year (May/June)
» Discuss Libera issues
* Present new developments

» Have a practical session on a ‘real
machine’

 Elaborate a ‘wish list’ for the next
software release

E | e a— 3 A

- Don’t hesitate to join this meeting if you are interested in using Liberas

THANK YOU FOR YOUR ATTENTION !
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