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Abstract

A new LLRF control system for the synchrotron at WERC is in under development. The new system utilizes modern
FPGAs and MicroTCA.4. The new system consists of three AMCs. One is for feedback control of RF frequency and
the others are for processing beam position signals. We describe details of the system and the progress of the off-beam

commissioning in this report.

1. IIC®IC

EE T 2L F — 5t v R —IE S iR (W-MAST)
. YT LIERB IO, Ehr AHRe Ly v
0rRIICEo T, RHEDOIANLF—DA F 2 E—24
(F5¥ : % MeV-200 MeV; He, C : 1 MeV/u-55 MeV/u)
PREAREBRICHHBLTWS, ryrntaryhsn
Y— ald, DARBEOEBERRE X MR AR~
DOREFERICHAEh TV,

W-MAST &> 27 u +u >0 LLRF §lIffIHR%, 2%y
17 & JFFEAR# £ LT DDS (Direct Digital Synthesizer)
ZHw, Z#k DSP (Digital Signal Processor) “Cfillf#l 3
BYRATLATHo7z, MFHNICE—LT7 4 —F w7
FZOWE [1] %, it/ 4 XD & 2 IEE D[
ER2] 2T HATE ., LA L, DDS 25bE L 7=
SEENPTERWVIRIICH 2, 7Fua JEIETHRREN
TV 74— XNy ZHIBIRP Y - A MEE=X—F5
EZRITREL LD ER & Bbh 2 A 72 N7z N FR A
LTED., SEHOMREDREEIRICD 5,

e, HES AT DA ZMESRDHL IR ->T
7z, 2 fEERBITBER O R VW27 - r R TE
MENRTWD, B ICIRIEDS 7 4 — FoNy Zifl#IX
NTELHI. FEBIREIRE LW DR i 5
TERV, P—ABEZX—EE0HBEIZFbh TN
% AM/PM ZEHARIB IS EERE RS ATMES L NI KTF
T3\ BEND B [3],

LREoOMERERR L., EFOAMAIENTICERE L 72
AT LY LT, BIRBBIUOT 4 — RNy ZHlHIZR,
P— LfEE =X —(FENHZRD T X T% FPGA (Field
Programmable Gate Array) & F\W 7= 7Y XV EEIRIES
B CTHESRE L2 X7 LD E2IToTWVW5,

2. FIESREKHEHROBE

Figure 1 IZ# > A7 2 DB E % RT, J-PARC THIF
XN 7z LLRF flf %R 4] 23E &3 LTV 3, Mi-
croTCA4 # 75y b7+ — 262 LT=ZEREY 257 4
ICEoTHEINZ AMC K—F [51 ZHW3E, AMC
A — FiziX. Xilinx #:® Zing XC7Z045(FPGA + Arm
Cortex-A9) WS TE D, AED Linux =T EPICS

* tkurita@werc.or.jp

I0OC 2381/E LT3 b, EPICS Channel Access %@ U T
FELEZR—FITD, HRDEAIVIZRATADLLD
ZnvyZ 10MHz % 155 L T, YRAT74a7uv 7L
TS 5,

XKD 257 LTl B-Clock TR ZEHT 3>
25 L THo b, T-Clock TOJEREDOEH & BIRNT
X3 X512LTW53, B-Clock E— FTlX. RAERA
OEEYF—Faf A THHE L, 2tttz 0
2L TBBTBREEBRAAZ— D7 FL A
A2 VYRX T3, T-Clock £— FTl&, figkd &
AIVIPRTAERMILI AT 070y 7 TR
MICBIRT 2 EBAXR—CDT FLRAEAL 7Y R
VhT B, BEBORE— U oEiA T I -{E% Phase
Accumurator ICERET S Z ¥ TRIEBOEHZITS,

ZeRAEEEFREBE L T UQ EBIEBR L THrr s, B
EBIUMNMHD T 4 — FNy ZHlflIZITS, S5RETD
N—EZZ ZZHIHLTW3S, TRTOEGRKTEES
FONIMHD 7 4 — F Xy ZHlHEZITS DT, BEILOMHE
BERIEPITZ S, ¥— LEET=X— (BPM) 5L
HRBIZAT LD LTHAET %,

—2O®0D AMC & 8 2D ADC Z{HZTEH., AT A
2RI 3 2D AMC THR XN 3, —D2id, ZHETE
L EEBORIE, —50 BPM OEBEB L%
fio/z7 4 =N ZHI#IZHS, 6 5D BPM OF5
WIRIZ = DD AMC 2Mibh 3,

3. TREEET 1 — RNy UHIH
3.1 Gain/Phase Offset LUT

HERICEAICREX R EEB I OMNMEZEE®ED
W7 4= KNy ZHIAZTS72012F, 77— 1Bk
U2, SR 7 > T ORI R HIEST 2 0EN D
b, ZD7®IT. FAE%E 7 KL A2 L7z LUT(Lookup
Table) % H\\C. #lfEIRD &0t OIRIE & Mt % #1E
T2, B 34bit D 5B LA 16bit &7 FL 22 LT
w3,

ROFNET LUT ZEKLT %,

1. Gain Offset LUT % 0. Gain LUT % 1, FB OFF

2. AR 1Q HRIF (1,Q)=(5000,0)

3. AP 0.5MHz % 10MHz % 300 S CI/Q E%®
g (Fig. 2)

- 165 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan

PASJ2021 WEOB(7

(o))
Accelerator Room Control Room (%
Beam $ Q
Processing of Beam Position Monitor Signals O 8
@]
jul
K a ¢
coroic —_ £
Beam Position © o
19 o WP 0D S ©
Demodulator convie 2 3
9]
BPM R s €
o
m
BPM L (oA
AR monitor
BPM R
(‘)“ arctan(Q1/I1)-arctan(Q2/:
J;Z CORDIC
Detector Pattern —
hasel upper R 8
Pt | =t AN 9 = O
C —
o O
O N
~ C
Frequency o =
Pattern o O
Bending | pciock [~ (I-Clock) QO O
Magnet | Generator © ©
- q) E
[0
L
DI
MHz
frequency
Frequency Control
Figure 1: A schematics of New LLRF.
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Figure 2: (Top) The measured I and Q and the interpolated Figure 3: The measured I and Q after setting the
ones and (bottom) the phase response calculated from the gain/phase offset LUT. Amplitude and phase calculated
interpolated I and Q. form interpolated I and Q.
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Figure 4: Commissioning setup.
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Figure 5: Normalized closed Loop gain with various PI
gain setting at IMHz.
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Figure 6: The feedback model
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Figure 7: Comparison of measured and simulated open
loop gain where where Tgeiay1 + Taetay2 = 2.6 ps.

DFEEHS
%éo

7 ADC 3 XU DAC LHETH D, 826.7ns T

34 Closed LoogGain D> I alb—>a ¥

Figure 6 T closed loop gain & X— AN FTOD ¥
Jalb—YavETAERT, ¥YIalb—yarlE
D% Fig. 8 1T T, K< —HLTED, HEDZSY
PEDSHERR T & 72,

20 P = 0.398, | = 4.0e-04, gain = 0.9

—201

—— closed loop sim delayl=1.3 us, delay2=1.3 us
—401 —— closed loop measure

relative amplitude [dB]

0.00 0.02 0.04 0.06 0.08 0.10
2001

—— phase_close_rel
100

o\\\\\-\____~______=

—100

phase [deg]

—200+ - - - -
0.00 0.02 0.04 0.06 0.08 0.10
frequency [MHz]

Figure 8: Comparison of measured and simulated closed
loop gain.
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Figure 9: Comparison of measured and simulated step re-
sponse where P gain = 0.398, I gain = 4e-4.
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Figure 10: Normalized closed Loop gain with various PI
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Figure 11: The simulation model of detection of phase os-
cillation.

FARMICHVWSNZr =827 4 L& —¥ LT, Tracking
CIC+LI 28F & LW Z e BN o 7z,

Closed Loop Gain B XU AT v FIREDHERERE >~
Ialb—yaUERELEL, Ro—BE o, §
bbb, WEMBEIZLETHEZ I, 74— KNy 7l
TR DL EEEZ MR L 720

BE, 70y 2R EEICHRD ZeDH 5 REEDN
J&D 728 Voltage Control Oscillator(VCO) % 53415 % %
ETHD, ZORRIZ, 7 vy 7 A% 150 MHz 2> &
300 MHz IZEHE T 5 TETH 5,

F/. =2, AL —Ya v VR T2 —2D

PASJ2021 WEOB(7

—— Tracking CIC +LI frev=1MHz
—— 2 stage Tracking CICx2 frev = 1MHz

Magnitude [dB]

-20

20000 30000 40000

Frequency [Hz]
Figure 12: The simulated frequency response of phase os-
cillation.

0 10000 50000

FFEZ FELTWVD,

HEF

T s R D BAFEIC B 7z o T (BR) = 2R
AT LDTARIZ IRV EE Lz ICH DL S
TEWVWE L,

BE B

[1] T. Kurita et al., “THE STATUS OF THE SYNCHROTRON
OF THE WAKASA WAN ENERGY RESEARCH CEN-
TER”, Proceedings of the 10th Annual Meeting of Parti-
cle Accelerator Society of Japan”, Tsuruga, Japan, Aug.
2013, p. 288-291.; http://www.pasj.jp/web_publish/
pasj10/proceedings/PDF/SSFP/SSFP20.pdf

[2] T. Kurita et al., “CURRENT STATUS OF THE SYN-
CHROTRON OF THE WAKASA WAN ENERGY
RESEARCH CENTER”, Proceedings of the 13th
Annual Meeting of Particle Accelerator Society of
Japan”, Chiba, Japan, Aug. 2016, p. 1332-1335;
https://www.pasj.jp/web_publish/pasj2016/
proceedings/PDF/FSPO/FSP006 . pdf

[3] T. Kurita et al, “PRESENT STATUS OF THE
SYNCHROTRON AT  WERC”, Proceedings of
the 17th Annual Meeting of Particle Accelera-
tor Society of Japan”, Sep. 2020, p. 958-961,;
https://www.pasj.jp/web_publish/pasj2020/
proceedings/PDF/FRSP/FRSPO5. pdf

[4] F. Tamura et al., “Development of Next-Generation LLRF
Control System for J-PARC Rapid Cycling Synchrotron”,
in IEEE Transactions on Nuclear Science, vol. 66, no. 7,
pp. 1242-1248, July 2019; https://ieeexplore.ieee.
org/document /8642336

[5] M. Ryoshi er al., “MTCA.4 RF SIGNAL PROCESSING
SYSTEM?”, Proceedings of the 13th Annual Meeting of Par-
ticle Accelerator Society of Japan, Chiba, Japan, Aug. 2016,
pp. 340-344.; https://www.pasj.jp/web_publish/
pasj2016/proceedings/PDF/MOPO/MOP013. pdf

[6] J. Molendijk, Proceedings of the 2017 Low Level RF Work-
shop, 0, 2017.

- 169 -





