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Abstract

In the J-PARC linac, the LLRF system with the digital feedback (DFB) and the digital feedforward (DFF) was adopted
for the satisfaction of amplitude and phase stabilities and is was operated without serious problems. However, is has been
used since the beginning of the J-PARC and are more than ten years into the development. The increase of the failure
frequency for this system is expected. In addition, it is difficult to maintain it for some discontinued boards of DFB
and DFF and the older OS and developing environment of software. Therefore, we are starting to study the new LLRF
system of the next generation. In the present, we are exploring several possibilities of a new way and investigating each
advantage and disadvantage. The project and the status of the development for the new system in the J-PARC linac LLRF

are introduced.
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J-PARC V) =7 v 7 ® LLRF I, 324MHz D22 H &
AT A (24 R) & 972MHz D ACS ZE{HH S AT L (25
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Table 1: Discontinued Boards for the LLRF System

RF&CLK board some ICs were discontinued
FPGA board discontinued
DSP board discontinued
CPU board discontinued
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BAED LLRF ¥ A7 L OB % Figure 1 12789,
BAAED LLRF ¥ A5 A Tl, cPCI »° DFB&DFF @&%U
ZH->TWS, LLRF DT A — X 2 LET 51
B D PLC X v F /5% )L (BLF, PLC-TP) %* 5 PLC %%
HUTCcPCLIZMme T 5, /-1, EEDEEIE VME-
CPU %3 PLC @ EPICS-IOC %## > T\, %Fﬁﬂ?ﬁﬂﬁﬁ‘%iﬁ#
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Table 2: Developing Environments of the LLRF System

host program RedHat8 gcc compiler Ver3.2
server PC OS CentOS5.5

GUI python2.4, wxPython2.6

FPGA Xilinx ISE Ver6.2i

DSP TI Code Composer Studio Ver2.1
developing PC OS  windows2000

5 PLC Z# MU T cPCLIZMS T %, cPCITHlEL =
IRIEPAIAH, BEE® Qp X DE=XHIZEHL TH,
2TPLC #HLUTEPICS L a—FKF{kXxhTWw3, £
=, ZBADO BB F 2 —FHIENZE L TH cPCI TEIE L
7-BEE% PLC 2B LT, Fa—Farbtu—iZm
HERESTWS, Z0O&S 7% PLC Kz EHEBGRR N
BE N T = XEDPLC 2REHT 2BEDRERIL, > A
T LFEFOREE & 951 % KIFIZE KX ETW5b, PLC
lEA &2 —av 2 (AR, ILK) DEHBT-oTWH I &
LEHO BB TR —RELETHILIFLEE L WVIRKT
A4 AN

% 7z, 324MHz @ PLC &, ZHEIEE BRIz —7 >
ACPUMN4ETHTIEBELIPELTHEST, YAX—AL —
TOMEBEYEH B, BAETIEY—7 VA CPUBNZENIZY
BT AW Z &, SHZZ PLC ODEROA 714 v %
5250, ZORKRBEDLDLLR>TWVS,
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Figure 2 IZBAEMAET L T\ 5 LLRF & A T A O
MzH#HT 5, L cPCIOT Fr s R—RiFfxd
2, R 5 72 F Y Z LA — K (FPGA/DSP —
R,1I0 A=K, KO CPU A—R) O DIz H ST
5TFVRAYEEBAT S, HrT Y XA Y% EPICS-IOC
EHARATLZY AT LZBRATSFETH D, EPICS
a— NUIZT 27207 FIEEDPLC 2#RRHT 52 &
1372\, PLC 7 X — 13 Z ORI D ILK 2 &M 55
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Figure 1: Present LLRF system of the J-PARC linac.

BlZE g I, B ceekEke b, — AT, BUE
DY AT LD PLC ¥ —4 v AW - TW-BERE % fthod
FHETERTZHENEL TS

DT, BIFEH DO v A5 L DR, R OBEREL TW
LEERED RS M & ABR DAL R %2 Gl T 5.

CNT LAN

Figure 2: New LLRF system of the J-PARC linac.
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BfE, cPIC DT YV RIVADER— RIZRDOETIRAY
DRFEEIT> TV D, BERARTO—st g ALEM:
TH 57O ITEIET 5035, Wi%T ¥ X A YL EPICS-
I0C DHEIAAL AT L RHT 2 FETH D, 7z, Bl
D cPCIADCIZ4F ¥ VANV THDE2ON LT, FHTY
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pling, 4 F ¥ > %)L : direct sampling) % F¥E L T\ 5,
RERAIZ 1, BIE O 2B € = X D% E| %2 B D
REZEEEELTWVW S,
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BAED ¥ AT LTI, B TOHIfERIZ 1 PLC-TP T
HlETNIXR A > 72728, PLC ¥ — 7 > D3 815 il £
CombEhlEE2 KA NIEE 2572, UL, BiFth DY
AT LTI, BlGa bE  fE % B8 2 W FRAY PLC 721
TRESHTVRITFEEENTWS, £ ZT,EPICS
ASG (Access Security Group) 7 « — )V R &AL T, 8
SR ORI IXBIZIZRE S NS PCDORIZT 72 A
AZ525FETHD, MAT, HEDY AT LTHH
LT3 BIGHIH (local) &iEBEHIE (remote) &\ 5 IR
HE2 1T, FIALEEHIZ ST A — X EFHEHIR L 7=
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74— FOEEMER 2 LKL T, XD OFfES 5
L ETHRTETWS,
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3T ;m KETIRAVEENMT 20ER DL, TD
7O, MAPCETAAT LA, RTARKRDVF—FK—
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D3 DEEMG L7z,
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3. PC & TP A—{KiZ 72 - /=85, (TPC-E019C10S)
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—frfie UCHBZED TS

BIGHE O GUI I, java 2 A 1 Y& UTHFELTW
BH, MLy RFRREEIEFEEDE W CSS &
T2 FETH5, Figure 3(a) \IZHAED PLC HIFHID A 1
VHH, (b) (Z java THERK U 72 BAAERFE R D A A > HH
RS, BGORIENIARBIZEb o TWARWAZE
DT ANEDMFHAT 572, R7-HOEFE 2SI Z
5 EDIZEEIEHEDT VWS,
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Auto-Start_ UP &, Z2{i 238 A C HARJE A ZE) L
TREED S BRI — £ CHB T B RIS A HIEY —
WTH 5 [2-4], BRI, HEF 2 — FHIEHERE % 14
9% 551k (AR, mechanical tuner) &, AlEjF 2 —F %
FUTCANAREBEZEFTLUCERETNT—%2 ANS
Fiik (BAR, frequency shift) #FEHELTW5, BT
RFQ EF a3 v NEROVZZEHTIIERED HEEZRAL

DS EF2{TF-oTW0W5a, Ihoid, HY AT
Af‘i PLC 7 & —& cPClIZFEEINTWS, — 5T,
FFH D > 25 L TiE EPICS O CA % i LC C shell
O script CEEIELI L EMELTWS, BETH,
%3 v X727 2% ERL D AIE TN BRI S 1

WEETH 2720, AR DY AT L TIEBAEFER
“C \» % mechanical tuner/frequency shift 72 1} T 72 < , f[ﬁ\
FUZ G U CAHA ORI IS U7z A O BT % H
HILFPETHD, HFETDOAA VEHENNY 775
YRV a7 TEMSEPICS VI—RDT7 57 % K-V
TUTWC, 77BN EIZZDAZ ) %
FETTHFPETH D, BIGD A A 2 K O b b
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Figure 3: (a) present and (b) developing main displays of
the local control. We are keeping the almost same usability
of the two displays.

KOW A5, EPICS LaA—RD 755 %MTBHI LT
FITTEBLDIZHEML TN S,

Table 3 |& DTL1, SDTLO1 & OF ACSO1 Z2i[iZ &\
T Auto-Start UP DO Vv 7T £ TOHERFK DR
BEREZRLTWS, Z0E XL, Auto-Start_UP 13 fre-
quency shift HiE TRz 17> T\W5s, DTL1IZFHL T,
BEDY AT LAMITHTY = VAR T L=DIzxt
UC, BFEF DR 2 ) 7 MAY 286 B & KR K % 2
LTW3, ZHE, @K =127 - 72151218 I A
Fa—FERENPTEVI IOV Y IOEMT LS, EE
I, NG N T — B F TITE U 72 R (51 R 13 BfE
BT D HIETIEE A REN -T2, BIFRF DA
VT MIZou Yy 7 EHIALZ L IFHERNES T
BHsd, UL, ZOREBEH ETHERZEL TR
CHIBT U720, BT OV AF AIZIZZouYy 71k
FELLZWTETH D, EPICS #ZRHTIE CA IZHRA
W05 780, EARMIZEAFT DO A7) T NIBEED T A
TALIDREEZELTWAED, EEZ DO _E Y FRHR
BIZRAZ 3w eEZTWS,

Table 3: Start-up Time Using the Present System and the
Developing Auto-Start_UP Script at the Stations of DTL1,
SDLTO1, and ACSO1

’ station \ present system \ developing script ‘

DTL1 97 sec 286 sec (51 sec)
SDTLO1 40 sec 73 sec
ACSO01 45 sec 62 sec

Auto-Conditioning (&, [R5 N 7z< > /X7 —TZEH 2

VT4 vazZ v DO AR LY LT
%, BHAOIRIEZ BE)T LN IE 2 8)E BEEHIE
b9 2 izl % MR T 2R 2 BB CHIBT 5 & 5
ZEDRENTWS, BUEDY AT LATIEPLC 74—
WIZEELTWED, Yy 7R EHEICR->TLE Y
BHURWEFZREI UTHEIC RS Z L H o
7z Auto-Conditioning FEATHII /N T XA =X DEHERE
DE 0 ABIENEN B E I 72D, FFh DY A5 LTI C
chell @ script Tlx7<,java D7 TSV r—>av el
THEETHFETH S, Figure 4 (ZBIEFAFET D Auto-
Conditioning @ GUI i Z/R"9, HL< E£THAA VHH
CWFHOT TV r—arve LTEFT S LT, Auto-
Conditioning DEIEDHE T ARFENE SN D5 IIRFED %
BAHRTEL LU BRILAVEIENEE 2
ZEERBIELIZWEFEZTWS,

TR 29 FEDEEY vy XY VT OZERT Y
T4 ¥ a= v OB, BiFd D Auto-Conditioning D
BEHERZ L2 WEB X TWVWD,
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Figure 4: Developing GUI for Auto-Conditioning.

Quick Recovery (BA R, QR) I, 2=l A3 5 4, VSWR J
' Arc TILK % U T RF 2 X7 v X542, B
FHTcVxy FUTRF 28IFIE2Y—-LTH 5 [4],
Z OBEEIX, RF RAEEIZE S THEIL, 10 BIRETE
AP m A CTHIBARESREDL Y, HEiR £ CHRMZ2 2T
ZDEETBZHOHELT,PLC I X —MIZEELT
W5, WED Y AF LA TIEPLC A ILK 25 & cPCI 2
RF-ON/OFF [ 5D FWEN L TW2720IcZ D &S
RS RETH o7z, —HT, MEFDI AT LD
RF-ON/OFF il {3 A M2 1% EPICS Bl CHEER T
VRAFIZ@ET B0, FEOFEIZMEZ L, BLE
DT AT 4 7, ILK FHRE i PLC 721 T RF-OFF L T
FastILK T RF-SW Z il 5 Z ¢ 2 ELTW5, Z
DEEFTIVRAYNSITIRF 2Z2H UK TWBA,
RE-SW Tk 5N WS Yy 21275, ZiHulHE
UCi, BRIz B AR Z T 20 ERH D LT
W3,

3.5 Auto-Tuner DFEH

BWED Y AT LIZ, cPCI DVEERHE & F 2 — FALED
BEE2HEET 50, BEKPLC 2@ TFa—F 2
v hu—5OfllZER L T\ [4-6], BAFFHD A
FATI, T IR R F a—FHBEOBRIEEEH
L C,EPICS ® OUT 7 1 — )V KR TFa—Fav b
O—SDVYARIZEZEAD I L EFTERTLTETDH
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%, ZORIZ, EPICS compress L I — R X sequencer %
fEAL T, Eab T 5 FETH 5, BIAEF TIZ, softlOC
EREALUCEAMLEBEELZEZIADLEI DA T
T4 VikBRe EL T, BRED 0BT 5 Z & X ThE
WTETWS, AT BEDFa—Fa3¥bua—50D
10 1% EPICS l/:l— MM T winnwrzod, 5B %ES
LZRENDH D, ZOBUEEMED T, 34 EEOZEN % H
WCRBEERBL W EEZ TN,

3.6 8T A —RDIEFH

BAED Y A5 LTI, PLC 23985 X — X OBIEHE % 1%
HLTWT, BFEOAX 7/A 2B WTHREMNPET
5 e idmn (7], BIFEF DY A5 LTI, LLRF D%
FTRA=RDORPNIFHT VXAV U TEREZ N, PLC
X2 DHEIZES L TWRWn, FIT, HTIVEATD
EPICS-IOC (Z 1, autosave HERE % EIHT 5 FETH 5,
BE, A 754 VEBRETTautosave 1 VA=) LT
VI M7 OENREBEEML T, ERIUZEET S
;&ifﬁﬁ%f%to ZDINT A — ZRREEEIZB L

TIE, @R HETEEZLEZTVS,

3.7 ILK DFifjE

DY AT LTI, ILK FRERFE DS K O FRRIZ
I%, PLC-TP (GP-Pro) D#§ge%# FIFHL TW5 [7], BA¥
DY AT LT, BTN PC & TP #H ﬁ%?4
AT VA ZEWTCHIET 2 FETH Y PLC-TP AR E
INBILIFHN, o T, BIED PLC-TP 2fHL T
ILK ¥WRERE 2 EH T 5 HIEIFEHATER», — /5T,
QR HEEZ {HH L 7z & 121X, EPICS @ CA & 0ii@fE
TIXILK FEmEZ D Z iTT*%%ﬁubfmé
Z 2T, ILK @R 2R3 72012, B EEOE(E R
74A%ﬁ%b#ﬁ&éx4/ﬁﬁ’*ﬂbfnxﬁ
WEBOEHEEHL-VWEEZTWS, ZNIZEL
T, FZEEAIZARE E AL TWA BT, 2
5EAGRERZEML TV FETH B,

3.8 PLC ¥—% v A CPU HZl&+%

WEDY AT LTI ERKD PLC ZHALTWS
B, BZ O E#HHREIZ25, PLC DY —% >~ A CPU
IZIE NTP 72 & D H B LI IE OBERED e\ 72 8D, B
DY AT I Tlid Cshell script & cron IY Y RTOD 1
HEEN 1 BEREOHHRAGEHEZERHT S FET
H5, PLCIRAIAGRIL, BIIED Y AT Lz H @ d 5[]
ERDTSEEDEZY Yy NR T VIS, 20V
AT LEEBATETFETH D,

4. F&o

J-PARC V =7 w Z® LLRF ¥ A5 AIZFAFE» 5 10
FELLEHDRGE L T W35, DFB&DFF % fH -5 T\ 5 cPCI
— NOEERIZEOH UL FmEHEATELZ L
MTERLRY, F-FARREOMBEREIZ > TS
2o TITC, T IVRXATFRZEFELC, VAT LE
BT sZ t%@dbfwé ZAUTPEW PLC DYEEL
LT\ HRE 2 O FIETEBT 2081 H 0, it %
FItAL T W3,

TF3RMIZ 1L, LLRF 7 & 1 H1Z1X J-PARC D1 R
MR Z MU ET,25Hz ODF — X INERZRESE L
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WEEZTWS, 77, MPS K/ K BEHR DI
HEIRFIZ 1, FEERAT OMIKIETE % (M7 D HEE 2 L T
WL FETH B,
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