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Abstract

Beam commissioning of the SuperKEKB will be started in JFY2015. A new LLRF control system, which is an FPGA-
based digital RF feedback control system on the MicroTCA platform, has been developed for high current beam operation
of the SuperKEKB. The mass production and installation of the new systems were completed as scheduled. In the
beginning of the commissioning, the new LLRF control systems are applied to nine RF stations (klystron driving units)
among existing thirty stations, and existing old systems are used for the other stations. Operation check of all LLRF
stations with klystron high power operation was almost finished, and the LLRF control systems are ready for cavity

conditioning, which will start in 2015.

As a new function, klystron phase lock loop was digitally implemented within the cavity FB control loop in the FPGA,
and it worked successfully in high power test. High-beam loading compensation was also demonstrated in the high power
test by using an ARES cavity simulator, and then the expected performance in the cavity-voltage feedback control was

obtained for the beam loading compensation.

Fabrication of another new LLRF control system for damping ring, which is required for low-emittance positron

injection, is scheduled in JFY2015.
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Figure 1: New LLRF control system for SuperKEKB.
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Figure 2: Block diagram for ARES cavity control.

2. SuperKEKB # LLRF #l{#l 2 X 7 LI E

Figure 1 (Z#7 LLRF il 27 A &EET LV (1

X)) OEEAZTT, ZO1XNRN7IA4 A 1R
(B 1 == ) OBFE) - HlIECxHET 5, 250
“fﬁﬁ”?ﬁ]ﬁ@jﬂ v 7 X% Figure 2 (27”7,

Figure 1 |28} 57 ¥ # /ViilfEl—~ =~ F 73 RF il
zli’f’fé’]z‘m% EZ$H 9, MicroTCA A2 L.
Advanced mezzanine card (AMC) & LT, YKOD 5 bie
@1@GAﬁ¥—P@%méivowém—(u MEICEER
FB #I# (FBCNT) . (2) ZE{AF = —F — %@
mmmmw\6)4/&—my7<m>ﬁ@
(INTLCNT) . (4) RF i€ =% (RFDET) .
(5) 7— 7 HE OtHtiEE) £ =% (ARCMON),
% FPGA "— F (AMC) _E® CPU TiZ Linux-OS 7%

#EL., FNFH EPICS-IOC DSAAE N TN AL,

Figure 2 (2779 & 912, RF E=4#15 5134 10MHz
OHREF ST AD B S, D LQ KA %me
TTFUHNET B 2 & TZERAIZHIE 1/Q &
) 00,

mHK - BZEE L %, FEOEERIZRD L
IRWVALER X PLC (7 4 —CPU) 2379, Linux-CPU
(F3RP61) HAFIF L. AMC & [E#% EPICS-IOC & L
THERET H U, E/222iAD RF stb BiFy—47 A

72 &% PLC @ EPICS ¥ —47 - —35] 5, MK
RO EZE R (FIZEHH O — V7)) &
- W B 72 D EZEFHE > AT A B[RRI PLC
ERAWTHEEL, £ A b=/« BIREEHENET L
-(1,\5[12]0

3. A3yl aZrlIcmlT=EERR
3.1 ¥TLLRF#HIfE > AT DA A h—)b

BHIOE—LaI v a=7 (Phasel) 28T
%5 RF VAT LAOEE (MEZERE S T4 A ha v
DPEFR) % Figure 3 (2R"$, #1305 RF A7 —
armib, HBOIEKO X 912 OHO HEARAE (D4,
D5 7 v ay) ® 9 »riiaH LLRF #ilf#s 27 A
(ML T4 A % 1%1) CTEIET 5, &
NSO AT —va 0%, TOFEFEREEFEOT e S
VAT AEFA L. ARES ZEH T, %@i&hk
DIEREY 754 X var 1B TR 2 BBt
WMo (BEEEZERITIX1)

1 LLRF il > 2 7 L ipEk o sUINEF Il -
AV A =L ENTZ, TTICA VA M—LBLO%
FANERERN5E T LT\ 5, $r LLRF i AT A
(BPEH) BNA VA M= L ENT-HT (BHE) %
Figure 4 [Z7" 9, LEOFE)R D4 T, BEFES AT LN
BAELTWD, T2 D5 OFEFTTRTHY AT A
IZiEEHab o Tn5, BHEE7—7 VOR#E, [F
i — 7 VHREDE T L. WRIEMEE., Bh7ERER
B E AT, KUABRIZAE £ D 28— 7D
HEfEPIFIEEE > TN D,

—7Ji. DR H® LLRF #ilf#l< A7 . (DR-LLRF)
Ze AR E R BE - PR35 TETH D, DR-LLRE
X MR &S IFIEEBOT XA T LA THBHH, 2 28R
DY B —H LAOHfNTX 5 X5 FPGA (FBCNT)
DOBEZ BN 5,

||||||||

=

7Gev 4GeV

0 Super Conducting Cavity
NIKKO [ Ares cavity

' Klystron + LLRF

Figure 3: RF system layout for the SuperKEKB. Nine
LLRF stations are replaced with the new ones.
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Figure 4: Installation appearance of new LLRF control
systems in the RF control rooms of D4 (upper) and D5
(lower) section.
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Figure 5: Setup of high power test of KLY-PLL and beam
loading test using ARES cavity simulator.
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Figure 8: Regulation stability of amplitude and phase of
cavity-voltage FB control measured at 750-kW output of
the klystron.
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