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LLRF requirements

190 MeV normal conducting proton linac
Operation frequency: 324 MHz
Total 19 klystrons (max.3 MW)
RF flat top: 650 us
Requirements of cavity electric field stability
+-1% (amplitude),
+-1deg. (phase)

E.Fll'f ”Ri?j':‘m'f Quadrupole li

; io Frequen uadrupole linac
DTL: Drift Tube-elqiinat:cy P
SDTL: Separate-type Drift Tube Linac
ACS: Annular Coupled Structure linac
SCC: Super-Conducting Cavity linac
RCS: Rapid Cycling Synchrotron

3GeV RCS
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Total 19 klystrons drive cavities

324 MHz

v klystron w amplifier (10,30 kW) m LLRF
[ cavity v amplifier (40 W) m HVDCPS
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J-PARC LLRF system

©

| EPICS CTRL System EPICS
-LAN LLRF PLC
L LVME/ 10C (PC-Link DI/ FATLINK ) FA-Link ‘m@
Timing Signals | |
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--['Arc Detector | KLY Arc 3stub
T Circ Arc Phase
Digital FB /cPCl | ——\ Tank1,2 Arc Shifter
P,I gain set
2MHz_| OE CPU FB-ON/OFF
Dptical &l/o * R
12MHz emote Controllable
Reference RF&CLK Trombone
\ Y Y Analog FB
PLL-VCO \324MHz Pulse Iz , @
@ @ 'I/Q Mc-l M%‘d 14> - Tank1 uner
M Q RF SW| 20dB ]
i Pf Pr
1,Q set DAC
W
|PI -Cont (FPGA) |
> 1/Q | [/Q
D |b KLY FB Loop
LA A
Tank1 Mon.
312MHz ‘®‘ Tank2 Mon. Cavity FB Loop
\S 4 J
EPICS cPClI digital FB system
* generates LLRF signal (12 MHz, 48 MHz, 312 MHz and
324 MHz)
LLRF PLC + delivers I/Q modulated rf signals to 2 cavities
* recieves rf signals from cavities and down-converts to IF
t Fast hardwire interlock is connected to Pulse Modulator
(outside cPCI)
Analog fast FB will be used for klystron FB loop.
PCI FB m .
chC syste Cavity-tuners are controlled from cPCI by way of PLC.
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cPCI digital FB system
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Digital Analog

RF&CLK
Mixer&l/Q

DSP/FPGA

cPCl is adopted for the crate.

FPGA based digital FB system
FPGA: Mezzanine card of the
commercial DSP board

> 2-FPGAs (2x VirtexIl 2000) are installed
with 4x14bit-ADCs and4x14bit-DACs at
48 MHz sampling

» DSP board enables to calculate complex
diagnostics such as cavity control.

» FPGAs are used only for fast feedback.
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FB algorism
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8000
7000
6000

2 5000

£ 4000

@ 3000
2000
1000

Set table is exponential function

flverdrive

: N\
/

{
| Amp /A + overdrive) - Ll —e¥p L—

/

0 50

100 150

Time [ms]

200

250 300

Agrees well with simulation

7000 ! ! ? ! ! !

600005 ... - S — ﬁ , I ﬁ I ,\ .....
$50000 /o
= 4000} /- ‘

£3000. /| Amplitude:6,000 and Phase 0
2000_:«’__ N | deg '(|'=6'§,'000','§Q=O) _____________ ______________

1000 Loy o PR TR oy e ]

ector sum contro
300

200 400 500 600 700

T T T T T
Cavity | -
© 6050 1. ... [ e (0 LD AR orh sevt ensvintaed Afuintristbibes NUI
o :
2 : 5 5 5
= : >tor m: :
= . VeetorSum: .}
£ S R
< : SN
5 -Cavity 2
. T ormsr AP o T

200 300 400 500 600 700

SDTL 6000
7000 : 6050
. T T T T T
6000 o VNS Y - SO SOOI U SO S
: I S Cavity 1
5000 [ > e e Ay T R e SRR
; 6000 """ ; | ST SRRSO SUPRUOUURRE SURUSUPPPPRRIPPRRRRY | WL,
--------- R P Sepprprry Peeeeprrp BN <! : : : : :
meas[jred 2 — measyred Vector Sum -----------------------------------------
L...d ..o .|.=a+=.calcylated| 2. : — == calculated : :
- | set N Y S L= —set D || BT\ S S S R L
......... ] =990 ; : CONG e Cavity 20
"""" i ; i i ;
i i i 5900 i i i 200 300 400 500 600 700
100 150 200 250 160 180 200 220 240 Time [us]
Time [ pus] Time [ ps]

LLRF-05 Oct.10,2005 9



-

External monitor

I/Q out {
12MH cPCt foi‘gM;Z)ﬂ . A . ’ ’ m Em -
[ j; FB;:?E_EOF Attenuator } } ay\ cavity?2 f ‘.-;
Amp. Klystron |
Mixer in et
(324MHz)
~0dBm
trigger Attenuator
unit
Ext.Trig. Attenuator
Ethernet FPGA B; {]_K<—
e XPORT
RS23pC
Amplitude monitor*E - dzz\éteor
xt. Trig. 2
Phase monitor Phase-shiﬁerr1324 MH Mixer v
Ethernet FPGA <‘] /rr, 324 MHz
—»| XPORT chi T T T T T T T
i <|I Phase-shifter % 1.005 . : : : :
S 1005 Lo
= || e e ®
FoeS| = 1o o v S S S— A > 1.005 3
é : Cayity 2 é =
K aaaaaa0as|| Bal RIS e e g aRaes 1 [=%
: : ' 5 : €
. . . [Paaaaoagaad 9600aaanEa000a 980000033030 4400003363 A000] 10a0a DA A 0ER AN aA0aaRa00a ot 0,995 <€
External monitors are assembled with commercial fast ; ; ; : i ; ;
FPGA board. 100 200 30(:_ 400 500 600 700
The amplitude and phase stability is +-0.15%,+-0.15deg. il
Q g
=
) :
= : :
o i A
{00 200 300 400 500 600 700
time [us] -
LLRF-05 Oct.10,2005 10



T g _ﬂj’f‘l;j

——— S —




FB stability

0.2
0.18
0.16

— 0.14

0.12

%

Stability[+
o

- 0.08
Q

0.06
0.04
0.02

Am

/DFEW\

e

B FB Amp.2

OFB Amp.Sum
O Detector Amp.1

—-I-D%Am p.2

’d

Set value:6,000->5,000->4,000
With same FB parameters.
FB works well with the amplitude

riation of >20%.
1/Q out

3 324MHz)
12MHZ \ cpcr
~0dB .
FB monitor A 0 Limit -] — EE
324 MHz enuator cavityl
4 Klystron

Amp.

Mixer in
(324MHz)
~0dBm

cavity2

—
(=3
[=3
wn

0.995

Amplitude

0.6

Phase [deg.]
S

[—

6000
. _ %
: > 1.005 3
, i 0.995 <€
i i ] é | ; i 3
100200 300 400 500 600 700 ]
time [us] il
=
; ; % % % % B
: —+ € : : E 1%}
R R Y AR Y C A ey v 2
021y PO Y Y WAV IV SN | a
N U A S W= 2 W |
100 200 300 400 300 600 700

time [us]

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

trigger Attenuator
unit
Ext.Trig. Attenua)
g Hao——<Hé
RE
XPORT
o o<
RS23)
Amplitude monitor. wave
xt.Tri detector,
Ext.Trig. 324 MHz

P

hase monitor Phase-shifter i1

Ethernet FPGA ’ —<

i 324 MHz
/rrphase-shiftel'

Mixer v

XPORT 2 / AN %

15

O FB Phase 1

M FB Phase 2
O FB Phase Sum |

O Mixer Phase 1

B Mixer Phase 1

Ll

4000 2000 6000

LLRF-05 Oct.10,2005

12




Digital LLRF feedback control system
for the J-PARC linac

Shin MICHIZONO
KEK, High Energy Accelerator Research Organization (JAPAN)

*J-PARC linac
LLRF system
*Performance
*During rf pulse
= +Tuner conirol
*Running
Beam compensation

%

LLRF-05 Oct.10,2005 13



Tuner control
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Running data of J-PARC LLRF
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Beam loading test @
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Beam loading test (cont.)
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/ Summary @

« Stability of <+-0.15%, +-0.15deg. is obtained during rf pulse with a SDTL test
module.

* Tuner control works well even from 15 deg. detuning position.

» Eighteen hours running show good stability.

« Beam loading test box enables to test the beam loading effects and the stability
is ~+-0.3%, +-0.15deg. during beam pulse.

» Linac commissioning will start from June 2006.

\_ /
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