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Abstract

The SuperKEKB accelerator aims at high beam current operation over 2A. The RF system is required to provide high
power RF over 800kW per a cavity at designed beam current. In the waveguide (WG) system that transfers such high-
power RF, transmission phase will change due to WG temperature change. The WG temperature is predicted to reach
about 80 deg.C in designed beam current. This temperature change will make feedback (FB) loop phase change of about
130 deg. in cavity voltage (Vc) control. Digital LLRF control system is adopted for SuperKEKB. In the digital system,
1Q modulation FB control method, which has broadband characteristics, is applied for V¢ regulation control. However,
this method has low tolerance to a large phase change within FB loop. Therefore, the WG phase change due to high power
RF transmission is non-negligible problem to keep the FB control stable. One of the measures for this problem is that to
install a cooling system to the WG system. Furthermore, it is also important to prepare other measures in the LLRF control
system. Therefore, we implemented the loop phase compensation function for the WG temperature change into the digital
LLRF systems. In this paper, detail of the new function is introduced, and the evaluation result is reported.
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Figure 1: Block diagram of SuperKEKB digital LLRF control system (for ARES).

FPGA Z#HLELI-V AT ATHS, 1 ROFIHL
LLRF 3872 2REA2 R SO BIEA — R &R, 1
KeDHIHIAR —RIZIX Linux CPU 1% FPGA & A /13
W72 L A E# S . CPU L TIXEPICS IOC 3B ET %,

Ve —T il e T o —F il X, e Bl ol
AR—RBHEZL T3, Figure 1 TiZ, [FB Cont.] D7
2y 773 Ve fil# —7" 254 —K (DFBCNT),
[Tuner Cont.] D7 v NF = —J il 4H % F8 5 il fH)
AR—F (TNRCNT)Z %L T\\5,

EHEHAR—R D FPGA TiE, L ER2 RFIEEZ1/Q E
L CTHOED, TNENOHIFEIR—R TSI HRFF
FXENETNIE/2D, $Z21E TNRCNT (2 Cav-Input | &
LTANENTWDIE B 1L, ARES BT ZEA~D A 14
TIEANZHD T MR AR NLDIE 5 THHI,
DFBCNT TIIZOfE FlESREieuy,

DFBCNT TiZ. ARES JEZZ{ROL /77/71m &
U 1Q AR ALEFUTKIL THMNZIZ PL HlAHIAZ1 T,

ZOFRATIT, ALERAS TV ThY i EI 5 23 AT e
ThHTE, XIS T 2 JE B ECR AN RN R F e L
f%‘érf%ﬂéo — T, VTAARN L RONAR BN 72 8K

BIREEDT Ve zv~7°mfj<é°foe1ﬂﬁﬂm‘&>ék
1Q WAy DAy TV 7 INRELIRD, Flf 2R %2
PRTIRLIRDBENDRSHD[11], T V%)V LLRF @fﬂf@
TEHRSA TR, Ve V—7 AR 50° DL EZ k5L
FB #Z BRI ENTERLI2D[4],

32 JJA4Abar PLL

SuperKEKB @ RF 3 A7 A TlL, 7T A Ahms o0&l
xﬁéﬂﬁﬁ@tbf) TIAANA DT ) —REE% RF R
7 AR TT 7747 ITHIL TWD, 7/ —RNEE

nﬁ %, 77 A AN A ) O HE BIfRZ KR &AL
SELEWERANH DT . ZONAREA L ZME 5774
ARy PLL(KPLL) M Ef < 41TV V5 [4,5],

KPLL /%, DFBCNT _k|z32%Exi, 20K1% FPGA Lk

TOREATIIERE1/Q v—T —a ) Thb, Figure 1

TiZ.FB Cont. 7 v ZWN® DAC DHIEIZH D
[Rotation| DHNIEEFNTVA,
3.3 T UHLLLRF O Ve b—7 2B DA AR I

_@’éﬁf I, AfaOT—~<ICBT5RIEZEL T, Ve
=Tz Téﬂﬁfﬁ' N DV TER 3%, Figure 2 12,
Ve —7 BT AN ARSI B 3 o e 7 vy s
X% 79, IDFBCNT] 7 v Z7NDEFH (L, DFBCNT O
FPGA ETHEEENTWAILEIRT, KT ONFEERIZ
FI%95LD1%, Ve-PLL %FR\ T, FPGA L’COD 1/Q
E_T_Va/f&pé Ve-PLL (L. Ve V—7IzRBITS
1/Q A 53Tt 3 % PLHMEI DAL ZEA L 3 A R BLL TD,
Ve-PLL DR ELEALTHZEWQ DI TV 73 REL
RHZENE, 3.1 BiCH R BICED, Ve —T 2K
DOEENERNDFRIN LD,

DFBCNT

| Kly
Ve-PLL

Kly-PLL
T

£ DN

Ve-Loop
Calibration | Cyp

1/Q-rotation

@fﬂr Active Contral
@fﬂr Loop Calibration

Kly-PLL
Calibration Kly-Loop

Calibration

Salsctor

Figure 2: Block diagram of phase control in digital LLRF
control system.
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Figure 3: Prediction of WG phase shift due to temperature
change.
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Figure 4: Waveguide temperature and RF phase shift on
actual waveguide system.
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Figure 5: Flow chart of WGPHC.
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