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Bunch-by-Bunch Feedback(BBF) Digital Signal Processor’s History

WEOLO03/pasj2015

deployed

Eng.
102V
ed Multiplexer

1st Sep.2003

AD9433
12bits/125MSPS
Analog BW
750MHz

2 Sep.2005 Active service

3d  Apr.2008 rvice

ADS54RF63

12bits/550MSPS

Analog BW
2.3GHz

4t Sep.2015-
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BBF Digital Signal Processor Block Diagram on active service
WEOLO03/pasj2015
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WEOLO03/pasj2015

< REERPOEISIFHFEN S 10FE EHEE

v IO (CHEEHDEET /(AR (ADC. FPGA. DAC) DAFHHEH(C
> TRt HETER), (EEBATREEE

v IRITDXilinxDFPGAREFEY —)LIZE (&2 Virtex-1l ProZz B7k— ~ L7 uy
v &FTDFPGAT(318 x 25D EF & 250MHzEA ED L — K~ CE1TRJRE
(in case of Virtex-Il pro, 18 x 18 with 127MHz)
v IRITDFPGAICIE. ENERELINVEEHIAT U Y — X E7R0)
> RO T (IFERE T /T B SRMBARL)
v 500MSPS/12bitsBA_ ED%EREZEFOADCE ATFRIGE(C

0 We decided to development of

2015/08/05 Kazuo KOBAYASHI / SPring-8 5



SPring.- 8

AR E SRR DR =D
WEOLO03/pasj2015
v 300-tapA_ EDFIRT  JLF* « current system is 20 or 50-tap
v I\ FERMICEEN 7Y TR —SIMEE < current system : Bl[O]FE
v’ 10psec X 5w J MDDACH & FHEE < current system is just only 4 ns step
v U7ILI A LF 21— RITEREEE
< NCO (DDS) A : F1—VAlERESRERDRS
v BHOEABEE . KERIIL O FADZENRF YT, RU\F WY H—DFIF
v SMEBEILHES EDEIEA. 1-turnfESDFEE EFMEPFI R
v" DC output signal: other purpose besides BBF e.g. for LLRF 1/Q modulator control
v E—-LIREZRE L. NEPCti}1Z0FF/ON//R %R
» E—AZKDS T ERLKATEEDNE. HIFIDIN LAl
v' Ethernet I/F < current system is USB only
*WEPO088

Key components of the New Signal Processor

ADC:

ADS54RF63:12-bit / 550MSPS / 2.3GHz Input Bandwidth /
Latency: 3.5 Clock cycles

FPGA : Two Virtex-7 & One Virtex-6
XC7VX690T: 3600 DSP Slices, for main feedback loop, signal processing
XC6SLX75: I/F to peripherals & boot sequence

DAC:
DAC3482: 16-bit(as 12-bit) / 2ch / 625MSPS
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Filling modes in SPring-8

Total 2436 bucket, Storage current = 100mA

# of bunches

Bunch
Current (mA)

train

singlet

train

singlet

WEOLO03/pasj2015

Current
ratio:
singlet
/train

0.05

Att. (dB)
train | singlet

348

0.24

3.00

168

0.38

1.40

174

0.46

1.60

2015/08/05

168

0.28

1.00
5.00
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SPrings-

Filling mode H : 11/29 fill + 5mA Singlet WEOL03,paSj

50/ 1> r= X
> L1 2 BBICADC
> Singlet(CADCAAIL

CHaH
SEFTH A AR
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SPring-8 Bunch-by-Bunch Feedback System WEOLOSIpas2015
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\I '---.."--........... .......... _.....------.------I *
180°hybrid
| | FPGA based

X(n-1) x(n) Feedback Signal
lx(n) °<_ _ Processor
osition X current : :
P y(n)=>a x(n-i)

FPGA :
FIR filter
1-turn delay
Gain Control

4ADCs

|
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Current System for Hybrid Filling with Two Signal Processors S
WEOLO03/pasj2015
High Resolution Storage Ring High Efficiency
BPM ® PY Kicker
[ ® ®
© ® ® o © A
o
o I -
o [
| Q ,,,,,,,,,,,,,,, L A
A B | |
\V & G
Kick Signal
:1/Bunch Current : Position ‘
( Fast Variable |
Attenuator ) I
A | 12D
EBADC:> [Zigital | = ] ADC >
B ontro O _bhi
= mpADCE> > e Digial
T Analog 0 T2.bi Signal LN
c ADCE> Control © - -0l :> Processing _l/DAC
2 —Npac c %] ADC .
| ) mMADCE> —d =L : ( FIR filter )
N 12-bit :>
 AoC
Bunch Current Sensitive Automatic Attenuator
(SPring-8 Feedback Processor) SPring-8 Feedback Processor
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Small gain WEOL03/pas}2015
_g>> ><ADC =+» Gain > .
Bunch
Current —>> ><ADC =+»| Gain —>\O
X Position
s —>> ><ADC ==>| Gain _»\\‘OO
= . : FIR
z ——S > ADC {1 Gain [—>ha B
S— >
% —>> ><ADC =+»>| Gain —P'VO Kick F=r» DAC )=r—>
o - L : /O :
>> ><ADC ==» Gain —P/O
Large gain\ :
P ><ADC =» Gain =1 Selector
508MSPS Anti. Chattering
LA AB| Bunch current T
T 15 A+B PD ><ADC —> Bunch current monitor
Beam position monitor
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New Feedback Processor with Multiple ADCs and Bunch Current Monitor SP”“E'C__jS

. I New Feedback Processor R P17
For monitor [
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43dBI
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BPM
—L | Average (FIR)
— | hysteresis for anti-chattering
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FARE S LR OIFE IR =

WEOLO03/pysj2015

v' 300-tapA_EDFIRT « )L~ « current system is 20 or 50-tap
v I\OFERRMOCEEN Y THR—IHEEE < current system : Bl[O]FK
v’ 10psec X 5w J MDDACH & FHZEE «— current system is just only 4 ns step
v U7V A LF 1 — 2 RIEREE

< NCO (DDS) A : F1—VAlERESRERDRS
v BHOEMBEE . KERIMIL O FADZENRF YT, RU\F WY H—DFIF
v SMERREIRES EDEHEA. 1-turnfSSDFEE EEFI A
v DC output signal: other purpose besides BBF e.g. for LLRF 1/Q modulator control
v E—-LIREIZRE L. NEPCti}1Z0FF/ON//R &R

» E—AZKDS ZERLKATEEDME. HIFIDIN L&Al
¢ Ethernet I/F < current system is USB only

Key components of the New Signal Processor

ADC:

ADS54RF63:12-bit / 550MSPS / 2.3GHz Input Bandwidth /
Latency: 3.5 Clock cycles

FPGA : Two Virtex-7 & One Virtex-6
XC7VX690T: 3600 DSP Slices, for main feedback loop, signal processing
XC6SLX75: I/F to peripherals & boot sequence

DAC:
DAC3482: 16-bit(as 12-bit) / 2ch / 625MSPS
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New Feedback processor Block Diagram (2013 March) C=D
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. . WEOLO3/pasj2015
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2015/08/05 Kazuo KOBAYASHI / SPring-8 16



Function block diagram

Gate—A?l
SW
2

- 17

SPring.. 8

<)

|
I
FPGA1 i FPGA2  weoLosipasizois
Position = : monitor
turn D 20200 (| == .»{ 0
o G ; 1 ! 7-tap O D 1)
|
MEMORY 0
300- ‘
& G } ~ o S 1-turn: tap HEy . o ) 3 >
i < ] e 2
! MEMORY E > % o> 5‘1"’ ! Ll | 10- § #D
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= EH 4
: ANEI e ; -
' , . -[: 7-tap 0 D 5 >
7 G > |
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. 6
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s F >
Current ! cn. ’{E
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= A ; [
MEMORY NCO 1 ! SW3 ’{E
|
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& G e I >
|
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Through (input copy) responses / network analyzer Spb‘s' g

WEOLO03/pasj2015

New(BBF-SIG-III

through responce (gain) through responce (gain)

"l M

W,

Ly

100 10° 200 10° 300 10° 400 10° 500 10° 600 10° 700 10° 800 10° 0 10010° 20010° 300 10° 400 10° 500 10° 600 10° 700 10° 800 10°
Frequency [Hz]| Frequency |Hz|

New one has +6dB gain by ADC input/DAC output circuit  Difference of each divider cable

etc. length, individual differences of 4

Current one has -16dB gain by divide into 4 inputs/DAC  ADCs ...

F.S. etc. (divide into 4 in case of current
processor)
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BBE LOOP =

BPM Power divider WEOLO3/pasj2015
180 deg. hybrid Output voltage swing _
780MHz LPF +0.3V Kicker
Z ,{> o BBF Signal >|7‘-| I: w
Processor >L_]
Pre. amplifier B e o K
y Pre. amplifier 250/500W P.A.

use BBF-SIG-III in place of current BBF signal processor

BPM Output voltage swing
180 deg hybnd +0.6V Kicker
780MHz LPF . —
Z = )[> P BBF Signal ,D i
ARl N wio pre. Amplifier ~ R &K

Pre. amplifier & phase shifter 250/500W P.A.

i

o 1—H—EsD T« U >TJ%ZHL), IDF+ v
TJ%=EU. TopUpiEBErziEtit, E— /EEE(C
BREDRWC & =R, (201584AH)
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Tune measurement

BBF-SIG-II =D

< > WEOLO3/pasj2015
To kicker
BPM ADC —>O?[O—> FIR filter ———>1 DAC b
o,
6.3msec / 30sec interval
+ A
ADC L= Just 1 bunch |
ADC o b,

SG: swept sine wave _

frequency : 228Kz - 258KHz (0.096- - > 0.24)  tIJger

sweep time:3msec

amplitude : 700mV rms (990mV)
70mVvV  (99mV)
10mV  (14mV)

Drive signal

SmV. ( 7mV)-->> ; T FFT:512pts -
ADC data Memory dump size s L U
‘1’ => 1047552 x 1 /2436 = 430 turn [t ' . N :
‘3" =>1047552 x 3 /2436 = 1290 turn ey 0 o eo0a00 005 1200
| : P :
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ignal FFT spectrogram

Tune measurement ADC DN

SG=700mVrmsT RS1AJ UL} | 0
BFDREIE) > FDIRAE B ’ _

sERY—>% 1 1290 WW\*L

(~6.2msec)
FFT : R¥IH' 51024 D5>—% ’
E{Em [

Spectrogram : FFT256pts. a
overlap 250 M
Sweep : =1lo00L - e [rp S - . o |

tune=0.096->0.24/3msec i gl 0 DBQ—— T

200

m

150

Target bunch 2>

FFT:1024pt

100

50

—oo0l o ol )f”J"%——

Filling : multi bunch ot

0.058037 |
0.059108 N 0 L (L . er

WJJM«_«
0.068455
0.074355 IRERD :

0

0.076927

2015/08/05 1000 Q* ) “Lf}:i' L)

1] 200 400 600 BOO 1000 1200 1400 0.0 0.1 0.2 0.3

1000 raw signal 16 FFT
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Summary WEOLO03/pasj2015

BBF{E S IR [O]EE D&kt Z Fa
1. BBF& U COERKRE TR
v I1—Y B (CERATE D C EzER
2. FHEEEDMERR
v BBFZXTF /& U TOIMTFEIFEDHEIR
a. 4DEANAE
b. DACENFEZEE (FyvIhiE) JxT—RASITIRE, FESS
c. DACOMIT T > TARE
v F 11— BITERLRE
a. ERJ7 kL X [EIHABLEE
b. 1)\ow bOHF=EFERUIEUZILFA LAIKT 1 —F 1 HIE

to Do
v I\ FERBENRCE W TR — TR
v FoIEgCAE UleeeZ A UEAZEEDRE. HIFIDERER (= X5 A%EE
WSR2 B EE
v IR E

o SEEZF(ICIIEZERICE M CETDETIC
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DAC
ADC

D-1/0
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