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Abstract

Having effectively evaluated the RF System-On-Chip (RFSoC) as a suitable technology for the SLS2.0 Filling Pattern Feedback (FPFB) and Multi-bunch Feedback
(MBEB) [1], our current focus lies in realizing and expanding the required real-time Digital Signal Processing (DSP) algorithms on an RFSoC evaluation board. This
contribution outlines the present status of our feedback systems, including recent outcomes derived from testing prototypes both in the laboratory and with beam
signals at the storage ring. [1] P. Baeta et al., "RF System-on-Chip for Multi-Bunch and Filling-Pattern Feedbacks," Proc. IBIC'22

SLS 2.0 / Motivation Hardware

* Replacement of the SLS storage ring, providing up to 60-fold higher brightness for hard X-rays.
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* Xilinx RFSoC as platform to implement the MBFB and FPFB for the SLS 2.0.

B>
 1st SLS 2.0 beam is planned for 2025. | [C>—
o

| DSAO[i] DSAL[i] i FMC-XM500 i
______________ : [0-31.5dB] [0-31.5dB] ] ADCO :
[DC-4200MHz] [DC-4200MHz] ; DACO :
i . ADC1
i=[SYX] : DAC1 RF Amplifiers
: ADC2
Measure the charge and the arrival time of each RF bucket. Control the injection time, adjusting the R —— ; DAC2 :
charge of each bunch given an user-defined pattern (filling pattern). Improves orbit stability (BPMs have > : i
. . : 4 . S Y X ; :
filling pattern dependent error). Avoid HOMs (that are filling pattern dependent). i CULLL i
Ulll RFFE | : osseeeey ; Control System
FIRMWARE Filling Pattern ADCs run at slightly different ADC clock, 4 o % N L T D A B C ' - : @ Network
to acquire a fractional number of samples per beam turn, AN N T e W E
=== Such that an interleaved sampling scheme increases the A . ' E
! < S ! Bl PS CLK effective sampling rate of the ADCs from 4Gs/s to R S '
SkP 135! 64Gs/s. S — :
_ -y B PrL CLK RF front-end
L B ADC CLK (RFFE)
BPM sum signal (S) sampled by RFSoC ADCs and used :
ADCJ[0:1] < 5 TRIG GEN for bunch ch & arrival ti : Kickers
: 8 or bunch charge & arrival time calculation.
L s & _\ rev_clock
= v | — _
B ADCcpk[0] = z| =
° b .
=2 i Multi-Bunch Feedback (MBEFB
= » | ulti-Bunch Feedbac
g Fthernet - — Real-time Software
B 12C R % 10+ 0 - Stabilize beam and avoid beam loss due to coupled-bunch instabilities ( 1on instabilities, resistive wall
acq_trigger i i . . . . . . ege S .
B DRAM | & AHiss | f\\“l f\ impedance, cavity HOM, etc.). Diagnostic tool: Identify source of beam instabilities; Excitation-damping
SD CARD ADCI0] ————= , i measurement; Parasitic (X/Y/S) tune measurement.
F —> . 0.5xA; | 0.5%A; 0.5xA;4 | [0.5%A;4
C j Fo10f | ' FIRMWARE
GUI - ' '
= | |
=20 | | Ml S CLK MBFB Transverse  PPS
FPFB - Filling Pattern Measurement I - Algorithm ! I AXIS DAC[O:Z] . e /\./
. ’ | _ —— Algorithm 2 \ 20KHz IIR
a¢r +Q=2B ae> Q=@ -30 | Al b3 | l MBFB (X) Gai
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn -Arrival-Time Relative to Bunch{0] Orit m
| g | ADC[0:2] 5 / _’@_’ ~o > i
200 . S O c
) 1 1 1 . ' £ ADC|2
400 50 100 150 200 250 u ADCorf02] | 2 5 i [2] $-Tap FIR Combiner
a o 1 CLKI|Y: :
6 02 mo\ #Samp €S . > E § — [ ] ).
* Area A, below dynamic baseline g4 Caxl0:2] ;_r MBFB (Y) MBFRB 1, itudinal
I S I proportional to the bunch charge, and Ethernet 2 ADCH] d ongitudina
T oo time t, which splits A, in half is an ) 1 |2
i i # 300Hz-20KHz BP
300 . . . IZC et DDS
estimate for bunch arrival time. B > >
: o : - w | < MBFB () 7| 20KHz IR
* Algorithm 1:baseline 1s 0. Algorithm 2: B > &~ / f\/
g of : : : ADCJ0
00000 baseline is the average of the sum signal, PR CARD | 1o o Gain
: - _LP 16-Tap FIR Up-sampling
7 S, over a single bunch-window. - -DI_, |
had I : baseline is the average of MBFB ADC/DAC clock period = 1/8 > %ﬁ 116 (O H>— Tl6 >
—_— —_ : -W1 of nominal bunch spacing. Gain Combiner
S over Kpyunch windows bunch-windows. P 4GI;/s) g TR Down-sampling
RESULTS S
‘ l | I X ADC MBFB Transversal X -0Ox
Bunch Charge Bunch Arrival-time — #€> FA=
* MainWindow ) X 100
0 1 > MBFB_RFFE.ui -Ox RFDC System e
- Algorithm 1 MBFB-TX - RF front-end (RFFE) R [ tockeo ] 50
- M i J"ﬂ*"'w"uw!‘ﬂkﬁ%\W‘vA’“"‘W‘f'm’“%lm%wwmﬁﬂaﬁwm“ sorithm 2 PS¢ D ZZ
USRI Ll Ay L L L ”“»‘ i Algorithm 3 || ® ,a0a WAg% ® Multi-Bunch Feedback i
J -100 ra(E) vwv v dB -R_ VYV V ge ADC|[0] Longitudinal Transversal X | Transversal ¥ _2(5)
O Algorithm 1
- ; = " e ”
0.05 l} i:gﬂl'lﬂlimi ' X MBFB_bunch_excitation.ui >top e 5000 10000 15000 20000 25000 30000
gOl'it m 2200t , MBFB-T-X - Bunch Excitation
Ref Filling Pattern ey AAAAALMAAAAAL Configuration
Current System o AAAAARAAAAAA o ADC L e
R36666066664 é ADC Sample Select 5 MBFB Transversal
0 ' _300 i Gain +A AdAdbrbAAS A% ‘% % —r— FIR Coeficients
0 #bUHCh 429 479 0 #bUHCh 429 Bunch Selection: VVVVVXEXVVVVV Index = — [00] |-3027
. A [oxfrrerere BIT [031:000] IR [01] 9444
RMS Noise RMS Noise i oo ® Enable o
x 107 Algorithm 1 2.31 : | S B .
Algorithm 2 Algorlthm 1 loxteetrtee BIT [191:180] FIR Coeficients -
1T Algorithm 3 2t Algorithm 2 il slii. — (051 13580
i J Z:ffff BIT 287:256 A 06} -8366
Algorlthm 3 gy 1 I[O)f‘ff“f;‘f; BITEBIQ;ZBB: Generic Gain 27 43 = [07]
@) 15¢F [oxfrerreee BIT [351:320] Bunch Gain 2~ (51 ]y
i ' 7] I(Mi - BIT[BSB?SZJ Bunch Index 511
- } o A [exffffffff BIT [415:384]
0.5 [t i N S g o
" 1“,'1“’ ol ° Al Orithm 3 ShOWS Start Stop @ Trigger delay 280 s ns o ,
.,ﬁ/} " | N g . DAC Sample Select 750ps - #ft € PQA= i
i i 055 lower RMS noise for ————
CETI WY 0 -
o ‘ kbunch_windows — ]8' Mtw — -
00 #bunch 429 479 00 #bunch 429 RE SULT S Punch exctaton g
o
-50 A
.
401 =20
. ) o . . ) . ) ) — MBFB (RFSOC) 0 5000 10000 15000 20000 25000 30000
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\- Test closed-loop performance of the MBFB and FPFB systems at SLS and SLS 2.0. ns /




