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LLRF FB
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J-PARC
ISNS +1 +1
STF 0.3 rms) 0.3 rms)
ILC 0.07 rmms) | 0.24 (rms)
X-FEL 0.01%(rms) 0.01 (rms)
ERL CW ~0.01%(rms) | ~0.01 (rms)
XFEL
- RF DESY
0.01 S/N 0.003
o 1= IF1OMH 1ps
o IF LO RF+10MH 6fs
001 -80 B S/N
ILC J-PARC
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o0 Beam loading

- Beam current fluctuations

- Pulsed beam transients

- Multipacting and field emission
- Excitation of HOMs

- Excitation of other passband modes

- Wake fields

o Cavity drive signal

- HV- Pulse flathess
- HV PS ripple

- Phase noise from master oscillator
- Timing signal jitter
- Mismatch in power distribution

Sources of Perturbations

o Cavity dynamics

- cavity filling

- settling time of field

o Cavity resonance frequency change
- thermal effects (power dependent)
Microphonics
- Lorentz force detuning

o0 Other

- Response of feedback system
- Resolution of feedback system
- Interlock trips

- Thermal drifts (electronics, power
amplifiers, cables, power
transmission system)

100us

FB
1 FB

FB)
100 1/100

L I\ cVUVO/ 4 1L




Step response

Parameters:
QI=3e6

Step Response

1.4 T T T T

- Delay=1us
RF

G=200

Amplitude

oe b M-

0.4

. | : . 100us
0.2 0.4 0.6 0.8 I
Time (sec) « 10 =
Faster response at high gain (but larger drive will be necessary).
Fast FB needs larger driving power. 29 ERL 2008/2/14




Sources of Perturbations
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Sources of Perturbations
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™

RF&CLK 1Q mod. _\/\/\_D
RF=1.3 GHz L~ m
i T T klystron
RF LO LO=1.31 GHz i cavity
LPF LPF [ (400 kHz)
ADC S/N LO
1 !
40 MHz clock
».| FPGA/ADC/DAC ADC #1 Downconverter
= IF=10 MHz
requirements current status
Injector ML
total 0.1%, 0.1deg.
RF&CLK 0.03deg. 0.01deg. 0.1
IQ mod.
DownXgrg/erter 0.03%, 0.03deg. 0.04%, 0.1deg.*
cable not cosidered
HV <0.1%
ol 1.70E+05 2.00E+07
f1/2 [HZ] 3824 32.50
microphonics (<3
deg. under FB gain 200 2
100) [HZ]
beam current 100 mA 0 mA
beam fluctua'_[ion (3% 3 mA L 29 ERL 2008/2/14
under FB gain 100)
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Digital LLRF FB control @STF phase-1

JPARC linac
LLRF

324 MHz
Max. 2 cav.
IF=12 MHz

LO=312 MHz
Sampling=48 MHz

|

JPARC linac
LLRF

972 MHz
Max. 2 cav.
IF=12 MHz

LO=960 MHz
Sampling=48 MHz

FPGA: calculate fast simple FB
DSP: complicated interlock such as quench detection

STF phase-1 ERL
1300 MHz 1300 MHz
Max. 8 cav Max. 2 cav.
(rocketlO) > IF_=10 MHz
- LO=1310 MHz
=10 Mz Sampling=40 MHz
LO=1310 MHz Ping=
Sampling=40 MHz cW
Digital Digital CW
cavity simulator cavity simulator
J-PARC STF Phase-1 ERL
Cavity Normal Super Super
Frequency 324 MH 1300 MH 1300 MH
STF phase-2 Q-value 2e4 2e6
Rise time 100 us 500 us CwW
1300 MHz Pulse width 650 us 1.5ms
Max. 26 cav. o
ulse Lorentz Lorentz
IF=10 MHz voltage detuning detuning
LO:;LSJ-O MHz others Microphonics Microphonics
Sampllng=40 MHz Amp. Stability +1 0.3%rms 0.1%rms
Phase stability #+1deg. 0.3deg.rms 0.1deg.rms
FB loop lus 3us 3us
22 ERL 2008/2/14
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MO 1Q/Mixer
.mm' 1 1U iE -U.Jf Tl
(rms)[ ] Y sl | %
[MHZ] (rms) o e SEOEST 1
E0.00
1310 22.3 fs 1.0x102 s
1300 16.0 fs 7.4x10°3 7000
5000
40 573 fs 8.3x10 = \ﬁ\
10 1.14 ps 4.1x10°3 1000
100Hz
1MH

30 +/-0.2




FPGA & DSP boards @STF Phasel

Custom FPGA board Commercial DSP board (Barcelona)
: Mezzanine card of the commercial DSP board (same to J-PARC system)
10 16bit-ADCs and 2DACs + 2Rocket 10 “4x TI C6701 DSPs
40 MHz clock I Can access to FPGA like an external memory of DSP
thernet
3 PLC
rr———— External HOST

Ethernet

2 2 - Real time intelligent diagnostics by DSP board
g % CPU board . Ia’D bo.ard
] R ERE ERE ‘; § g Output max
ii . |§ ‘_ i-s i .E % % ----------------
LNy i g i
m 1x VirtexN]Pro XC2YP30
<4'\ DSP board RF off
Spectrum Barcelona . . .
_ P Tax cer0n (by diagnostics in DSR)
40 MHzTrig
10ADC+2DAC+1FPGA
— A~ MRF-03 (Hirose)

Low-profile coaxial multiple contact connector

N 10 MHz IF input
with 40 MHz sampling
g | N=4,000
5 -60+
E -80+
; -100
-120
1409 5 10 15 20
frequency [MHz]
22 ERL 2008/2/14
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Cavity simulators installed into PC

Cavity Simulator
(Xilinx Xtreme DSP Kitll)

Beam FPGA
Table (Virtex-11)

T k
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7l | o]

o E
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8.2
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s
=2 3
aa

: apc H—{ Electrical Mode _ R
o | ——| |dv/dt=A*v+B o [ [ L-2AC>
AT (v[n+1]=Ad*v[n]+Bd)
Wl A Aw
mechanical
A w=Cxw+Dxvy
A | IF (10MH z )Y
Opesn FPOA Card 1 gﬁw&r- = 1'.:;;;[3:1 P
N T— 0 Nz IF ol daturir 3 Directly from the ADCa
H':mm.—ﬁ%:‘rmmrm e L g
:b.m, hwu.luﬂﬂ r l it e 3
Caity Sinuildior Seftings | 6250 I D
ADG ok, Frequency o Mk & LI | | s Attt Lastets cLLEAS TELELE 1
T bt i e O S T, T L O
Loaded frard |mpedaree (AL WOhmd 11778 2500 - ),"/" T A I 5. | S |.; B S, SO
RIS . | A
Frequersy (He) =00 [0 % M | o "".\"
— Cuialiy Facter i i ik a0 L M. - \ L fI NN
G L | R AU SO WO W S 4 A
: . & Enabia Onsorrva k' | ¥ . ) ;
*XtremeDSP was used for cavity simulator., ———=—"_ etz R o
*Four XtremeDSPs are installed into PCI buS™ —— i |7
(corresponding 4 cavity simulators) ot s R R

Zaleot Diaplay |1, 10 component of the covly wolsgs = Save Data o Fi
- Detuning 5ad ! = !

Fre-Deturs 060 [0 ¥ Ensbin Denning Tabik

I [
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FB results (during rf pulse)

C¥pgICs¥matlab¥071121¥P10_1M_dig2first
3 T d ;
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LLRF

IF ADC DAC
J-PARC-Linac PCI 324MH FPGA+DSP 12MH 14bit/48MHz 14bit/DC
402.5MH . .
SNS VME FPGA 50MH 14bit/40MHz 14bit/30MHz
805MH
FLASH(DESY) VME 1.3GH DSP 250 Hz 14bit/1IMHz 14bit/DC
ATCA . .
XFEL DESY) 1.3GH FPGA+DSP 16bit/ 16bit/
/UTCA
FNAL VME 1.3GH FPGA+DSP 12bit/ 12bit/
STF PCI 1.3GH FPGA+DSP 10MH 16bit/40MHz 14hit/DC
ATCA FPGA
STF-2 JUTCA? 1.3GH +DSP
ATCA
ILC 1.3GH FPGA+DSP
/JUTCA
DESY/FNAL IF 1Q
22 ERL 2008/2/14
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il . E o

phase phase tol. amplitude amplitude
tolerance limiting incr. tolerance tolerance limiting Related
limiting in energy limiting increase in fluctuations
luminosity | spread (deg) | luminosity loss | energy spread (%)
loss (deg) (%)
correlated BC phase errors ( 24 35 HV
uncorrelated BC phase errors \48—/ 59 Microphonics
correlated BC amplitude errors 0.5 1.8 HV, Ibeam
uncorrelated BC amplitude 1.6 2.8 Microphonics
errors
correlated linac phase errors large .36 HV
uncorrelated linac phase errors large 5.6 Microphonics
correlated linac amplitude large 07 = HV, Ibeam
errors
Uncorr. linac amplitude errors large 1.05 Microphonics

Summary of tolerances for phase and amplitude control. These tolerances limit the average luminosity loss to
<2% and limit the increase in RMS center-of-mass energy spread to <10% of the nominal energy spread.

Ref. Mike Church

22 ERL 2008/2/14
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LLRF system configuration at ILC

RF Phase Reference Line

{

. )

CryomOdUIe 24x Cavil Prooe_(plusevt. 4_8x HC? coupler)
B;M&Magﬂ.et J_
o] o] [ Tosorn] Tl o] [l [y ] T ] [ Tovon] @8 S T[] [l [y
Ee-‘-MHMHMHMHMHMHMHM -‘-HMHMHMHM () (M) M) (M) (&) (M
ickyip
L/\_f'\_f\.f'\.f'\.l‘\_f\.l‘\./\./‘\_l‘\.f\.l"\.f'\_l‘\.f ”\.I"\_I‘\.f;l‘\./“\_/'\.l‘\__/\.l‘\_l‘\.l‘\.f\./'\_l"\.f'\—
8x Coupler PMT (vdc)
[2x efiel
Temp (RTD)
Arc (air)
c
2 Temp H H
3 5 All electronics are located at service tunnel
2 = .
g Vector-sum control of 26 cavities
T — i
c ol —
1l | EN Total 26x3+6=84ch RF monitors
) 7]
3 e | Service Tunnel
Q
ey -
T g WG pressure” | WG pressure WG pressure
2 LLRF & 2
z Instrumenation Rack 7 a e
o LLRF crate 1: _ D;a/(sx
- CPU, PS BeamPickup (3x
-3 LLRF Sy
- BPM CavFWD (24
- Timing Distribution CavREV (24X
- (HOM coupler) ceerreerres HOM (L..48X)eerreneeeen
LLRF crate 2: 72x coa
-CPU, PS 48x signal
- Klystron Protection
& Interlock Systems 24x fibe
‘EI;"IP e Driver REV
WG press
LLRF crate 3: Kivhre
96x Motor—{ = CPU, PS
! - Motor Controller
#6xFiezo - Piezo Controller Cryogenic Vacuum Controls Klystron Control, Modulator Control
Controls (Rack) (Rack) Interlock & Water & Interlock (Rack)

x

i

i

Local Oscillatc
Timing & Synchronization
Inter-System Feedback Network/Bus

MPS Network/Bus

22

RT Control Network
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LL RF Rack Detall (1L C-baseline)

Caontrol
Raf Line (3)

Cavity Prota
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Figure 1: Peak RF drive power as function of (), (fora 1.3 a =
T . I=C 1ty MV/m ¢ rafi -adi . : ‘ y
GHz. 7-cell cavity at 20 MV/m accelerating gradient) gﬂ 02 02 06 08 !
time [sec]
PACO5 WPATO040.pdf T 3
= o5 with recirculated beam (5.4 mA)
2 2 /
FPGA+DSP EL 15 w
E L without beam
= 0.5 - :
o 0 0.2 0.4 0.6 0.8 1

time [sec]

Figure 3: Upper two graphs: Measured field amplitude and
phase with 5.4 mA beam current ata Q@ = 2 - 107. Lower
graph: RF drive power without and with recirculated beam.
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JPARC linac STF phase-1 =RL
LLRF
1300 MHz I\Z/Il_z)(()ozl\/clg\zl
324 MHz Max. 8 cav. a4 '
Max. 2 cav. . (rocketlO) —> st e
© LO=1310 MHz
IF=12 MHz IF=10 MHz Sampling=40 MHz
LO=312 MHz LO=1310 MHz PIng=

Sampling=48 MHz

O RF
O
O
O
O

O
O
O
O
O

STF

RF

Sampling=40 MHz

Digital
cavity simulator

LLRF

CW

Digital CW
cavity simulator

CwW

CavitySimulator CW

ERL

0.1

(Cavity Simulator) 0.1

rms 0.1

27
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Hub

7 N
Linux server cPCl host/ Windows
HEN
— parameter set
LLL 01 cPCI, DSP, FPGA -
l | #0T cPCl, DSP. set-table CORBA/C++/Mat | ab
— feedback parameters
status monitor = waveform viewer
waveforms \ )
average values ]
standard deviation I
. DSP (Barcelona)
client PC real time control (se’F.DAOD Code composer (C++)
— . complex data processing
i rf pulse
e
parameter set FB only FPGA (Virtex!|IPro)
set-table DAQ, set DAQ, set FB control ISE (VHDL)
FF-table field data acquisition
feedback parameters \,
waveform viewer
- CcwW
O DSP PClI FPGA - CW

O FPGA
- CW
O

O Adaptive FF
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2008

STF
CW
STF
2009
CavitySimlator
LLRF
RF 1

2010
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