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Outline

Overview

RF BPM

> Detector/ support
® RF button optimization
® Chamber HOM coupling
® Button chamber support

» Electronics — AFE,DFE,PTC

> Controls architecture

> Performance with beam

> Integrated tests

" Fast Orbit Feedback

> Noise sources
> AC functional requirement
> Fast & slow correctors
> FOFB Implementation
* Algorithm/ model
* Cell Controller
* Cell/ Global topology
® Hardware
Summary
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NSLS-

Il Key Parameters

%\/ Electron Gun Storage Ring Nominal Value

40-150 bunches; Energy 3.0 GeV

2 ns Bunching systems Stored Beam  (top up > 1 minute) | 500 mA; AI/L = 1%
RF frequency 499.68 MHz

LINAC Circumference 792 m

Energy 200MeV Revolution period, T, 2.642 us

Single-bunch Charge 10 pC-0.5nC Harmonic number 1320

Multi-bunch Charge 20 nC
Emittance 95 mm-mrad
Energy spread 0.5% - 1.0 %
Turn key

Booster

Circumference 158m
Harmonic Number 264
Revolution Time 0.528 s
Ramp Cycle 1 Hz

Ramp Energy 200 MeV -3GeV
Bunch Length (o)  15ps

4 Semi-turn key

Number of bunches filled -

(bunch to bunch variation = 20%)

1056 (~80%)

Tunes - Q,, Q,

33.36, 16.28

Emittance Bare Lattice g, (H/V)

2.0/0.01 nm-rad

Emittance with 8-DWs € (H/V)

0.60/0.008 nm-rad

Bunch length — (3¢ Harmonic
bunch length cavity)

15-30 ps

Long & short straight sections —
(2 RF & 1 injection in long SS)

15/15 (30 cells)
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SR Lattice & Electron Beam sizes/divergences

Q, =33.36,16.28, ¢ =-101,40.4
e, =2.06nm, Max(n_)= 0.46m, o ,=0.000363
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Standard BPMs (2) s| TPW !

on each multipole =]
chambers \>J it }A'r |

)
)

10 S I
[m]
High stability BPMs (2/3) % \ ,5 i / \ /

on ID straight chambers

Typesof | Long | 1-T 3-Pole Bend Short
source ID wiggler magnet ID A el
: Beam stability
Electron Beam Sizes | [ > (“mil 2068 11745 ‘6“3"? ?zg Requirements
& Divergences Oy (urad) | 4. : : B
o, (um) | 48 12.4 15.7 3.1 =~031um
o, (urad) | 17 0.62 0.63 2.6
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NSLS-Il BPM Performance Requirements

T Parameters/ Conditions Vertical | Horizontal
Injection System Subsystems
- Rep Rate = 1Hz Injector - single bunch 0.05 nC charge | 300 ym rms | 300 ym rms

0.50nCcharge [ 30 umrms | 30 ym rms

- Bunch Spacing = 2ns

Injector - mult-bunch 15 nC charge 10pmms | 10 ymrms
- B. Frev= 1.89MHz (80-150 bunches)
i ] (measured) (3pmrms) | (4 ym rms)
Parameters/ Subsystems Conditions *Multipole chamber RF BPM * ID straight RF BPMS
Resolution Requirement @ 500mA | | requires better resolution
stored current
Vertical Horizontal
BPM Turn by Turn Data rate = 378 kHz 3 um rms S Um rms
Recewer Assuming no contribution from | 0.017 Hz to 200 Hz 0.2 um rms 0.3 ymrms
Electronics | punchy fill pattern effects
200 Hz to 2000 Hz 0.4 ym rms 0.6 ym rms
1 min to 8 hr drift 0.2 ym peak 0.5 ym peak
Bunch charge/ fill pattern DC to 2000 Hz 0.2 ym rms 0.3 ymrms Storage ng
effects only
— - Frev = 378KHz
BPM Vibrations 50 Hz to 2000 Hz 10 nm rms 10 nm rms
button —
support 4 Hz to 50 Hz 25 nm rms 25 nm rms - Frf = 499.68MHz
assembly Thermal 1minto 8 hr 0.2 um peak 0.5 um peak
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RF BPM Button — Geometric Optimization

Be 2] @

| |
L] |
I
mil
j’ ol
»

. ow St il &
0 v no 4
is i DL m . o E .
: BPMtype Qty Geometrical S (/mm)
configuration
A Standard bpm - on 6 25 mm vert aperture Sx=.09
Chambers - S 2,4, 6 7 mm dia button S, = 08 —o— Sx —=— Sy
16 mm hor separation S5 0.15
B :\éUt"i I:Ip;‘F_Bor:tS1 ) 213 257";:1";: gﬁft::fe Sk =07 A - Standard BPM
otate uttons -
7 mm hor separation g =11 " 0.12 —
i
C DWbpm -on S1 2/3 | 11.5mm vert aperture Sx=.13 = 0.09
(Rotated RF Buttons) 4.7 mm dia button S, = .22 =
(9.6 mm wio rotation) gimm hor separation =
y=
. S 006
=
@ e
0.03
As h button distance {,,S,=1",Sx V
0.00 ‘ ‘ 1
0 10 20 30
Horizontal button separation, mm

¢ Qty =500 - 7mm dia. Button; | gpq ¢ BROOKHFEAVEN
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BPM Heating/ Coupled bunch instability issues

RF shield in groove shorts the gap between bpm flange & vacuum chamber,
F suppressing_short & long range wake- potentlal and |mpedance

0.03H

T P [ === wlo RF Shield
’ ..... — W,"' RF Shield

e @ @ [Palees i
pp i - o SR R R R Y | |
= s (e
/////////// Sl | | e M
Geometric parameters: " iteomm r, 0 2EiJO 4£ino scino 8&]0 1000 1200
g=100um and h=2mm . S, mm .
41=30.5mm and d2=30.6mm Longitudinal long-range wakepotential
2a=76mm and 2b=25mm - Kioss(0s=3mm) = 0.7mV/pC (w/ RF Shield)
20 : T T T T T
s s o s e ., —— w/o RF Shield
I — — .- . N — ] a [ N 1l | = w/ RF Shield |
R e\ U L e ——
R Y AV AAVAR VA i — A | BT LW W —
002 fremeee s .......... ....... e wio RF Shield |- % 4 : : :
<003 fremmmeeeeees ------------ --------- —w/ RF Sh|'3|d ------- . 00 5 10 15 20 25 30 35
-20 -10 0 ~ 1im QD SD 40 Frequency’ GHZ
Longitudinal short-range wakepotential Real part of the longitudinal impedance
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Multi-pole Chamber - Resonance modes optimization(RF shield)

| Flexible BeCu RF fingers with 50% of opening space |

Resonance modes
With no rf shield s

* S6 downstream —> does not shift out of

= A % band, may not be available
: b bl f S6

BPM [DOWNSTR BP M 2
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RF buttons assembly support - thermal optimization

High stability
Invar stand stable
to <100 nm

Girder & Carbon
fiber stand stable
to <200 nm

—




In- House Electronics
* Motivation — Why design our own BPM?

— Technology — Use latest technology for World Class Synchrotron
— System Architecture — Create generic architecture
— In-House Expertise — Expertise resides in-house for all system aspects

* Design Decisions
— Build two separate boards — AFE and DFE
— Integrated test tone — Pilot tone combiner (PTC)
— No Fan — Leverage NSLS-II thermally stable racks, +/- 0.1°C
— Long-Term Stability — Combination of stable thermal rack and tunnel
— Use Soft-Core Microprocessor — Design Portability
— TCP/IP Interface — Direct EPICS and Matlab communication

* Time Line — Start program in August 2009

Injection Storage Ring
1 | Production start August, 2011 January, 2012
2 | Installation/ Integration completion April, 2013 November, 2013
3 | Commissioning start November, 2013 March, 2014
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RF BPM Hardware

PTC module

.
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System Architecture - AFE

Receiver S-Parameter Characterization

SR Ll EEEs[E L Builtdn pilot tone oscillator in AFE
axsmonwolT] L anigor I\ o =z provides test signal for combiner box * _
= (PTC) located in the SR tunnel "

Receiver RF Parameters:

& [PT Sl i Ristiieer Ingot)

* P1dB =+19dBm (at ADC Input)
IP3 = +43dBm (at ADC input)
NF = 5.3dB (dominated by LPF and SAW filter)

Channel channels Isolation = 60dB (min)
o - - IBIC 2013 September 16-19, 2013 NSLSHI BPM & == | w




Digital Front End Board (DFE)

B U.S. DEPARTMENT OF

Features:

Virtex-6 FPGA (LX240T)
Embedded MicroBlaze soft core yP

- Xilkernel OS and IwIP TCP/IP stack
Gigabit Ethernet
2Gbyte DDR3 SO-DIMM

— Memory throughput = 6.4 GBytes/sec
Six 6.6Gbps SFP modules

— Embedded Event Receiver
— Fast Orbit Feedback

Fixed Point DSP Engine
1Gbit FLASH memory

Utilized in Cell Controller and FOF
processor

Currently upgrading to 7-Series Zynq part

for Photon BPM

— Hard 1GHz Dual Core ARM Cortex A9
Processor

)ENERGY

6sFP <
Slots

2 differential
inputs and 2 =
differential
outputs
Gigabit
Ethernet

RS-232

+5v Power

IBIC 2013 September 16-19, 2013; NSLS-Il BPM & Fast Orbit  INPUt
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System Architecture — DFE FPGA

* FPGA Implemented using a combination of VHDL, Verilog,
System Generator (for DSP block) and EDK for Microblaze
processor - Digital Signal Processing implementation using
Matlab-Simulink Model Based design flow.

* External DDR3 Memory permits long simultaneous storage of
different data streams - 32 Msamples Raw ADC, 5Msamples
TbT data, 5Msamples FA data, 80 Hrs of 10Hz data

2 Gbytes DDR3 Memory

;

l EDK
- g[ ?ZI —ade data ——ade signals—s ADC Data—m
—ads %—I readadecs —— bt sigrals—»  npi data TET Data——» Multi-Port Memory |_ | Ethernet
adc_o— fa sl I — -
Digital Signal & signals generator Fa Dats— |08 Controller MAC
Processing Block —
(SysGen) i
5a signals g 1 Procannor ocal B
—> sa_data
- -S54 data »
—adc_clk--» generator Irg ~ y ~
101 GIk——M 'Y
—p_ %
dsp_cntrl :ﬁ tm
L - g
fa_trig MicroBlaze Processor
53 thig b —
l«—machine select— i
=ALS microblaze b -
gill:l_ll:lual.' _register WS DUS > I
-atenuators— i;g':,'ff"e' interface - Fy
r—pt control— afe cntrl E=Starage Ring
—adc pll— Ll
ﬂﬁ?ﬂg " Cell Controller
fa signals » Interface
—eds
——ip ilo—|-m _
Ebug—— dfe_cnlrl "| Event Receiver
EIp—

Ethernet
PHY

FLASH

e
EEPROM

6 - SFP

TV LTV OUTLTVO L OO OUUT T o




System Architecture — FPGA Signal Processing

* Under-sample 500 MHz RF signal generated by
“ringing” band-pass filter.
® Coherent Signal Processing — phase locked to

Frev

* “Single bin” DFT position processing at TbT rate

Rt
s

mag >

Block Averagers

Xpos

Ypos

Vb

S0~

LAl

|| mag »

vd

e

mag »

Lo

adc input

adc input

adc input
“an e 10—/
adc input
“an 0]/
Fs

—— ik NCO

Frev . hif

Ccos

SRR _—_—————— -

DI

Sample Rate Legend

Xpos

Ypos

Va

Vb

Vvd

X[hy]= Zx[n]-e e
n=0

///f///

—— 117 Mhz (ADCs)

378 KHz (TbT)
10 KHz (FOFB)
10 Hz (SA)

15

hSample—l thl:n

n= O..hSample -1

Example numerology:

Paramet | NSLS-Il | NSLS-II

er Storage | Booster

Ring

Frf 499.68 499.68
MHz MHz

h 1320 264

hsample 310 62

hiF 80 16
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System Architecture — Control System

Linux EPICS 10C . Linux IOC
» 10C located outside of BPM in IBM SA & Control {AD(PTD;T Ay
Se rver ngIStCE]]?;_.Ttormg W’ax-‘e%brm ;"ead Er(ﬁ?;"g
Thread a
> GigE communication to BPM Thread oot
. . . \ ‘,_/’ ermina
» Serial terminal connection to BPM TCP/IP Socket Imuuaw:
Via RJ45 Ethernet driver
ARS232
» Embedded Event Link Receiver in - = - EPfEl_ T p— m——-
FPGA Microblaze TEMAC

IWIP 3.0

Console
Thread

» FOFB communication using 6Gbps
SFP via bidirectional “SDI” Link

T . TCP T ;FVCP £ TCP Servi ‘Timer
» TCP/IP communication via LWIP SA (10 Hz) Thread Waveform ) { conurorThread ) (- Sevise ) rivead

protocol stack

> Fully developed EPICS drivers \M‘/

> Simultaneous EPICS and Matlab

communication P‘,:I_PMC PﬁB
DDR 3 I/O Device

Vi rteX'6 BPM BPM Logic application
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® Performance with beam

® Integrated Tests
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BPM Performance — @ ALS (single bunch); 02/2011

3

Measured ALS Single-Bunch, 23mé

ADC Counts

1

=

Test set up (Prototype)

® One SR Button to 1-4 splitter
* Splitter output to NSLS-II BPM
® Single bunch; 1=23mA (15 nC)

............... ‘ IIIIII_
ADC sampled data | || N — i
B A
................ lll I ;:ﬂ
One turn Sarrples [~85ha]. %
=
Single bunch resolution g

v’ Meets NSLS-I goals

®* 5,=9.64 microns
* 5,=10.3 microns

y

g, U.S. DEPARTMENT OF

JENERGY

IBIC 2013 Septembe

r16

ALS Measured Single Bunch: Turn-By-Turn

T

-20 -10 o 10
Hpos ThT BMS (um), a, = 9.64

il

UUUUUUUUUUUUUUUUUUUUUUUUUUUUU



BPM performance - @ ALS (80% fill - 246 bunch-10/2011)

® Analysis of 1-million samples of raw ADC data
1. NSLS-II RF BPM mounted in ALS rack with 10dB pad on each channel

A D Coun t

05 EEb L]

input at BPM

2. Buttons combined and split in ring to remove beam motion

w10 Buttorn Aseparated by 10tums ALS 246 bunches [ 753 fill]
15 T T T T T

i

[\ tum 1
: : bum 11
E : : : : tum 21
_15 | | | | | | T
30 40 50 ] 70 a0
Samples

I 10 20

1.32

pos RS [um], =

ALS 246-Bunch Fill: Tum-By-Tum [b{tmA) = 444.4105

B = T T R
T T T T T T T T T

TBT Resolution
c,=1.03 ym
@, = 1.33 um

T P W W AT . -:“
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BPM Performance — @ NSLS-Il Linac BPMs (04, 2012)

18t measured beam with RF BPM (all 5 LINAC BPMs)
120pC Single-Bunch - ~1200 Peak ADC Counts (4% FS)

=0l —_iE B Bl
LN-BKBPM:1} . LN-BI{BPM:2} Ex_| ( (x|
188LE 1| [ Real I offset aqar® |migger | 2| Offset addr: O gm [EnaBLE || Real
| . ;
set addr: |- , Offset addr: 11}
o 0 |
T(dB): ° ATT (dB): 2
. a7 i s |
VT ; | 500 Sum Th: I i
so0 U0 el B S ] | Buttan [&(blky, B(blus), Cirad),Digreen)] Button [&(bIK) B (blus), Cred), Digraen)]
000 1000-
5003 / — 5004 &
e e 0= db‘vwmﬁn—;
snng “V /V{\ 4 e f‘"\, e e e S e -500- J N‘
000 10004
A R R N T S S R AT T E ) e P |, O M
20 a0 40 50 60 70 -20 0 20 40 60 80 100
o R Sution SUM Button SUM
20004
33% 100U~
0 Ghe
000 B
T o e T i T O Ty e LM R e e
iR e & R o 20 an 40 50 B0 70 -100 0 100 200 300
Hitda et BRatR [Eeebee) Button &, B, C, D SQRT{*2+G2) Button &, B, C, D 5QRT{*2+G"2)
- 0.001
S 0.0008
o . 0.0006
Rililir 8888‘2‘
0 = ———— et T L e ot B, i A > e e ————
T T T T T T T ! T e e e e e e e e e e e e e e e e e e e e -N.NNN?:
200 0 200 400 e 7o 50 (@] — ST
e Button SUM LN- BI{BPM a LN-B{BPM:5}
s [EnaBlE 1| [ Rea | ofset adaro ro— ENABLE || Real | offset addr: O
i Offset addr: 1= Offset addr: 17
: : : : : : . o
2 o 200 alo 60 ATT (dB): gy 2 ATT(dB):
ADC-A ADCB 4 SumTh: 500 Sum Th: — 500
|AX:  0.033570 0.038697 0.034730 0.05
IN: 0041353  -0.038514  -0.045045 | 0.04 1500 Futan [A(olk).B{blue), Ciren). Digrean]
1000 1000
ut Pwr: 55324 dBm = 55862 dBm = -55.754dBm = -52.: sug 500 4 f
_500 0 _——— ————ﬂ"\\‘/ ' MJ\V‘\—Q_/"‘LJW
-1000: -500 i 1
T T T T T T T
LTE-BI-1 0 20 40 60
LTB-BI-2 Buttan SLIM Button SUM

2

T
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BPM Performance - @ NSLS-Il Linac multi-bunch 17nC; 5/2012

NX - kvetter@box32.nsls2.bnl.gov:1019 - box32.nsls2.bnl.gov

O Applications  Places  System @_C, u‘_u“u_". ] FriMay2s, 2:04FM
= levettear@hoxd: ~ m=E (@ S vEESErE CEX 0 tdhimstindiyhpming b ade.alled] X
e e 873 SA (AB,C.D,X¥dect adar. 0 exir | |[ Diection BPMADC Wavelorm | &x [
jawa. Lang. Exception: Cannot open /boy/commen/icons/24/help-contants-5. png (No su =undefined=
= I EMABLE [ LI-1: Button [A{blk),Bblue), Cired ), Digreen’]
g Y . Lo HEL Bt o 23540 dBm 20000 | ‘gj
Injection BPFM(LN/LTB) 3962 dm 1900 ,31-1“1;,,‘,,_“_ N——
| controL | Readback | ADCWEM | ADC SUM wrM| e e || Sl i
200 300 400 500 600 B 1 A e o b B e mamana b b e o o )
(S.Pass)X (S.Pass)Y (5.Pass) Sum (S.Pass) Current(nC) S 0 50 100 150 200 250 300
LINAC-BPM1 - o LI-2: Button (Ablk} Eblus), Cered, Diarean]
15 um 91 um 0.044927 4.491736 27304 dam 2000 m
289 um -532 um 0.035240 3.522970 N e e | -zromdBm Y £
200 300 400 500 800 | _77.567 dBm  -10000 il
200000
LINAC-BP M3 424 um 119 um 0.041018 4.100753 Buttan C “eh A B w00 F e e
0 =1 100 150 200 250 300
LINAC-BPM4 -144 um 605 um 0.046698 4.668833 . 13 Button [Alk} B(olus  Cireet) Degresni]
20000 '
LINAC-BPM5 -1199 um 533 um 0.051816 5.180575 g s = = ohn | 24158dBm o ”1‘!“'
-24.210 dBm 1000% all .n_‘ﬁ.&,zu--— e
LTB-BI- 1 16 um -683 um 0.046959 4.694904 Button 24662 dBm ooy i
245 1Bn 30000 T T T T T T 1
ICT-I 17 5?4 nc o SIEI IEIIEI 1‘5‘EI ZEIIEI Z%EI BEIIEI
. — e e T T ¥ 0 LI-4: Buttan [&fblk), Biblue ), Cired ), D{green)]
FC1: 0.000 nC 300 300 400 =10 600 _ Em So0
-1864 um -118 um 0.001794 0.178374 X POS _23.005 dBm 11000022 e R
FC2: -24.524 dBm
=B e 1117 S ——
o 50 100 150 200 250 300
I - Jo000 LI-5: Button [0k, B{biue, Cired ), Digreen ]
] /directfedmibpmyinj_bpm_rb_all.ed! [0 ()| SHuan j”‘l
] '.,‘l.‘lﬂ 5
| Injection BPM(LN/LTB) Readback Value 1oay s
~SULILL
PosX(um)  Pos-¥{um) SUM AvgX(um)  AvgY(um)  Avg-SUM Shot Cnt O T e e g
) 15 um -9Tum|  0.044927 20 um -92um  0.045501 9 sec o B R RN e cai)
20000 i
i 2 289um|  -532um  0.035240 318um|  -521um| 0.035857 18 um 8 sec oy i
0000 Ui}
-SULILL
| ;] -4UULU- T T T T T T 1
LINAC-BP 24um 119um,| 0.041018 347 um 141 um|  0.041556 29 um sec ; T A
LINAC-BPM4 -144 um 605 um| 0.046698 -132 um 607 um| 0.047902 6 um 8 sec o . |
21
Magum|  533um 0051816 -1165um|  514um| 0.052402 15 um BT s i OptImIZed ADC counts
-Tuu—ayr
Snndl 7
LTB-BI-1 16Mp  -683um|  0.046959 2um| -678um| 0.047974 11 um um |“ 0 sec —
kvetter@box3z: ~ T AR R2011b] [ edm1-12-57 1 Main Irdesktop - 10.0.142.5] || [7] NSLS-2DBPM 7H [T rdirect/edm/bpmyi... || [7] /directiedmibpminib... | [7] SA waveforms
- l
LINAC BPM1 Configured for “Noise”
g ember £\

measurement (i.e. combiner/splitter)

Performance < RMS Spec of 10um
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RF BPM Production - Test

Phase Noise Test Port @ ADC RF BPM Burn-In: “20-units” in Thermal Test Rack

RF BPM Laboratory Unit Test Setup (Bench #1)

Matlab — Generate test
MHz M
S00MHz MO Report (15min test time)

Timing
System

&

Test Bench #2 _-"

R&S FSUP

00 1k ouE 1ouE M

i ... ADC Histogram (Coherent Samplin ! (1.8) | hili yst
1 Million Pt. FET > Histogram( nt Sampling) BPM(1-8): . Stability Tgst =
e DTV T et Stabilty (um) ) -
m 1P = 1404 'E ‘: gl oo 105 S Y R 1222 U0 TS S T SR ;é_ ) 03488 ) 02082 . ; Lk

- U 01435 0.1342

ey ) ey o) T o ' - 0.1230  0.1248

X g 01685 0.1132 kil
U.S. DEPARTMENT OF ¢ 1T ‘I ‘,“

i/ EN ERGY ' ullg aLL il “ m m w. U!lllm : .|
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In-situ Integration Test using Pilot Tone

Of---------dmmemee- e
: quer=-15_5
E-\' 1
L -A0
E” 1
g 100 -F-
L]
o
-1580
0 20 40

Freguency (MHz)

____________

e e e e e 1 0 e

Freguency (MHz)

1M ADC Raw FFT CH.A 1M ADC Raw FFT CH.B

607

Pilot Tone signal has
proved to be an
excellent diagnostic
tool for bpm health
status check w/o
beam.

X Pos vs
T

- Power
T

-30 -25 20 -15 -10 -5

ADC dBFS

Y 5. Powi
! . . ! ! !
3 i : : i i i
Wy : : : : :

[~ !‘5"3{_1""""_7 _________ L e | 177

AN ‘\\ : : i i :
Y : : : : :
L3 ' ' ' ' '
RS s | | |
AR = A R S
: P ey, : : :
30 25 20 15 10 5

ADC dBFS

Position {um)

Y Pos vs. Power

—— alpkul
alpku2
—+— alpku3
—+— alpkud
alpkud

-30

-25

-20

-15

-10

RF Input chain can be

et exercised with various
.+ | signaldrive levels

"""" | using pilot tone on

S U S S AFE
A B e s rnnoxm.wm
-30 -25 .o:ég‘,dBFS_ﬁ -10 5 TIONAL LABORATORY
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In-situ noise observation & mitigation

Z Z Z FA Ypos PSD: Z j
e S o TR Sl U

O S SRR R RRR RRREED R R R t----:-4  The 500 Hz spurious
- et o ad signals at ~100 nm level
1) SO -ﬁ-_—_-‘_ odimaesmm=m TR T =230 are observed in the FA
'%30 i | dataspectrum due to noise

pickup in AFE from DFE

-40

. 50 via metal top cover.
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Fast Orbit Feedback

Kiman Ha
Li-Hua Yu
Yuke Tian
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External Noise Sources - Mitigations

* Magnet & RF system power supply noise / ripplel Mitigated by improved design
* Thermal effects (Tunnel air / water temperature) & temperature regulation

® Earth tides — changes circumferences}-> RF frequency feedback
* Insertion device gap change effects due to magnetic field errors

®* NSLS-2 site floor vibration —

®* measured in 2007 <200 nm <25 nm
\4 \ 0.5-4 Hz 4-200 Hz

> < >_
A fast orbit feedback \ T

system required to
suppress noise due to
last 2 types of noise
sources

RMS Displacement (nm)
(=] -

NSLS Il Site RMS Displacement
Horizomtal- ientation NORMAL to Shore & Highway

-

iz-
oriz-2

NSLS-II Floor vibration measured in 2013 much higher — T .

WEPCO08 - W. Cheng, Floor vibration measurement NATIONAL LABORATORY
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FOF AC Functional Requirements

" Noise reduction @ low freq = 100 (DC gain ~= 100)
" Noise reduction @ 100 Hz > 2.5

" FOF gain cross over Frequency = 300 Hz

Combined, Controller & Overall Responses

Nt

| ..—;.—-.Combined.Réé.pb.rise
~_ Controller Response
| OverllResponse

Magnitude [units]

10° 10 10°
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Fast Corrector Requirement vs Noise Sources

Corrector Specification

= DC drift (8 hrs)

- 1) =mmmmmmmmm————— ID Gap Effect
(%]
5 |
0.1 N
| Vibration N\
N :
N Small signal
N BW > 5 kHz
01 N
0.1 1.0 10 100 1000

Hz
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Orbit Correction Magnets

.1 @ 3[4 VJ Slow correctolrs

w1 DW2

54 ¢ | G
1 2 3 | Fast Correctors

Slow corrector magnets (Qty=6)

*Slow response — 2 Hz f
*Strong strength — 800 prad
*Utilized for slow orbit fdbk

A

P

Fast corrector magnets (Qty=3)
*Fast response — 2 kHz
*Weak strength — 15 prad
*Utilized for fast orbit feedback
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NSLS-Il FOFB algorithm — Compensation for each eigenmode

* Fast orbit feedback system is a typical multiple-input and multiple-output
(MIMO) system. For NSLS-II, there are 180 BPM readings and 90 fast
corrector set points in each plane. The BPMs and correctors are coupled
together. One BPM reading is the results of many correctors. One
corrector Kick can also affect many BPM readings. It is difficult to design
a compensator for all noises with different frequencies.

* |tis desirable if we can decouple the BPM and corrector relationship so
that the MIMO problem can be converted into many single input single
output (SISO) problems, for which control theory has many standard
tfreatments.

* Fortunately, SVD already provides a solution: it projects the BPMs input
into the eigenspace, where each component is independent. We can
design many SISO type compensators (one for each eigenmode) and
apply the standard SISO control theory to treat each eigenmode problem
in frequency domain without affecting other eigenmodes.
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Model and solving the calculation problem

NSLS-Il FOFB Model -
Q@ 0 0

dgold C 9
% S 2 Y 0 Q)2 0
Q(2) = ?
(e d Accelerator | : .

A
-
-
o -
&
z .
~
N
S~

\T/ R=UzVT _
e

Cs, Cy, ..., Cy IS the input projections in the eigenspace.
Q4(2), Qy(2), ..., Qu(z) is the compensator for each eigenmode.

d+e NSLS-I feedback calculations
180x1
1X90]
-
Uy =780
o0 "\ X
- |
YU's [x7e0 ; 90xT .
I 1Xx90 '; } )
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Simulation of Orbit Feedback results vs # of Eigen Modes

Orbit changes for different compensation Error in Eigenspace for different compensation
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FOFB Key Requirements

1. Goal is to deliver BPM data to a place that orbit calculation module
have directly access.

2.Simi|arly, goal is to deliver corrector setpoint from a place that orbit
calculation module have directly access.

3. It seems we need a place that can:
- Receive local BPM data;
- Tx/Rx BPM data to/for other cell;
-> Carry out FOFB calculation;
-> Tx corrector setpoints to PS control system.

A Cell Controller is designed for this purpose
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Cell Controller Architecture

SI:StreamDatalnterface
. . Lo( 1) Local Data one Packet
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EvG Topology of a Cell

cow o
Vi
1 Control network v_)/ 1
ME Cell
EVR I0C 10C bpm/cell
Controller
T ﬁ &k A A A
- \
Embedded EVR | yMachine Clk "~ GiGeSwitch |
Fiber FOUT | | CML FOUT | Cell i A2 " v 3
o Ethernet to Serial | | GiGe Switch
T A A A A A A
BPM1 <
10.0.134.31
BPM2 ﬁ
10.0.134.32
BPM3 K
—
BPM4  [¢
= Sc1
BPM5 < |
|
|
< | I
BPM6 !
. Sc 6
BPM-n < GiGe Ethemet RS232
e -
BPM pick up
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Topology of the FOFB network

=30 cells "3 Fast and 6 Slow H/V correctors per sector

"6 BPMs per sector ; I o " Cell controller distribution takes 15 us
7 ol - « ®PS controller distribution takes 5 us
by B “

L]
L]

N
\ 1 ~ .
. - I
Machine Protection X
\
v i

Cell Controller {_

BPM 4

O 5 Gbps Local fiber link .
O 5 Gbps Remote fiber link { :'
L2

100 Mbps PS link 5

[Fast corrector controller 5

. \

Slow corrector controller ¥
£ F
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Power Supply Controller & Interface Hardware

PSC - power supply controller

PSI - power supply interface
PSI Crate P PPYY
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Cell Controller Hardware

100Migabit/s link for corrector setpoints 10 signals (16 inputs, 12 ouptuts,
4 Vout) for fast machine
protection

10 board

1 GB DDR3 | STGEE T N, Ve |/ |
DFE
Embedded Event s 2-5 Gigabit/s SDI link for . . . Gigabit Ethernet to |
Receiver | BPM data g EPICS IOC ;JI!Y
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NSLS-Il Fast Orbit Feedback Status

* The hardware design (PCB, chassis) for cell controller and PSC are all
done. The production units are being installed in the storage ring.

* PSC, FPGA firmware, EPICS drivers and database development are all
done.

* All cell controller blocks (SDI, FOFB etc) are all done. The cell controller
integration is in progress.

* Since we have the fast fiber SDI to deliver data around the ring, cell
controller’s SDI link will also be used as fast machine protection system
that deliver critical system (such as the vast valve signal from vacuum
system) around the ring within much less than 1ms. This latency is
impossible for PLC to achieve.

NT
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Summary - RF BPM

* RF BPM detector and support optimization carried out successfully
* The Multipole vacuum chamber RF buttons (LA) installed
* Insertion device RF buttons (SA) production unit delivery this month
* The RF BPM electronics

* Injector installation/ integration completed

* SRinstallation completed; integration to complete by 11/2013

* Performance results with beam at ALS & NSLS-II Linac/ Ltb are
encouraging
* Commissioning/ plan
* Linac/ Ltb transport line commissioning completed successfully on
5/2012
* Remaining injector commissioning to start on 11/2013
* SR commissioning to start on 3/2014

NT
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Summary - FOFB

* NSLS-II's stringent emittance requirements need a efficient fast orbit
feedback system. The two tier communication structure and the FPGA-
based fast orbit feedback calculation architecture is designed for achieve
the requirements.

* Algorithm with individual eigenmode compensation is proposed. The
typical MIMO feedback problem is converted into many SISO problems.
This algorithm enables accelerator physicists to correct the beam orbit in
eigenspace.

* We compared the calculations for FOFB with and without individual
eigenmode compensation. We found that the proposed NSLS-II FOFB
algorithm needs a large amount of calculations. However, benefited from
NSLS-II FOFB architecture, the challenge can be conquered.

* We expect a successful application of the NSLS-Il FOFB algorithm
during the NSLS-II commissioning and daily operation.
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Thank you for your kind attention.
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NSLS-Il BPM & Fast Orbit Feedback

NSLS-II Instrumentation
IBIC2013, SBS, Oxford, UK
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One Cell BPM/ Controller Rack
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PSD (um?/Hz)

RMS DISPLACEMENT (pm)

Vibration Test Results

Random Vibration Power Spectral Density - Y Direction

Random Vibration Power Spectral Density - X Direction
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Resolution vs Bandwidth @ ALS SR
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Timing Synchronizations

GPS receiver

1 Hz

AC 60 Hz "MRF's EVG 230 - VME
®\_. EVG Dbus input 8bit - )
® , | — MRF’s EVR-VME, cPCI, PMC
g =BPM - Embedded EVR
Fanjm ®"CC — Embedded EVR

CML Fanout
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Fast Orbit Feedback Algorithm — Implementation in FPGA

d gold

UT

vV

\ 4

v

¥y -1

Q(z)

/ d Accelerator
R' = vy *U" 7 @ |_Reuzvr

d+e Decompose CGOmpensation for each

a
180x1 /' _Ligenmode

\ 4

Y.Tian

A

1X90

1X90
90x1
| )
1X90 1x1

Use FPGA parallel computation features to implement the algorithm (assume 240 BPMs, 90 correctors)
UT,, UT,... UTy, : input matrix vector -- download from control system as waveform PV

V,, V,,...Vy,. output matrix vector -- download from control system as waveform PV

Q,(2), Qx(2), ..., Qgy(z): compensator for each eigenmode -- parameters download from control system
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