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Abstract

Digital low-level RF control systems, which handle I/Q components of RF signal with FPGAs, had been developed
for the SuperKEKB project, and they have worked successfully in the Phase-1 (2016) and Phae-2 (2018)
commissioning. However, some issues to be concerned are still remaining for the high beam current to achieve the
design luminosity, which is aiming at 40 times higher than the KEKB accelerator. One of the concerned issues is large
cavity detuning for compensation of heavy beam loading. Optimum detuning for the normal conducting cavity in
SuperKEKB will attain about 30 kHz at the design beam current of 3.6 A. This detuning corresponds to about 70-degree
phase change in RF cavity transmission, which makes phase shift in a closed loop of cavity field regulation.
Accordingly it is worried that some disturbances make the 1/Q feedback control unstable due to the large phase shift
inside the loop. Therefore, a new function to compensate the phase shift due to the large detuning was implemented into
FPGA of the digital control system. This new function was successfully worked in the Phase-2 commissioning. In this
paper, the demonstration result is reported, and also it is discussed that how the large phase shift in an I/Q-feedback
loop effects on the cavity regulation control.
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Table 1: RF-related Design Parameters of SuperKEKB

Parameter LER HER
Beam energy [GeV] 4 7
Beam current (1) [A] 3.6 2.6
Beam power [MW] 8 8.3

RF frequency (f,)[MHz] 508.876
Harmonic number 5120

Cavity type ARES SCC/ARES
Number of cavities 22 8/8
Total RF voltage [MV] 10~11 15~16
R/Q of cavity [Q] 14.8 93/14.8
Loaded Q-value (Q.) [x10/] 24 7.0/2.0
Coupling factor () 43 -/5

RF voltage/cavity (V.) [MV] 048 1.5/0.5
Wall loss/cavity [kW] 140 - /150
Beam power/cavity [kW] 460 400/600
Cavity detuning [kHz] -28 -44/-18
Number of klystrons 18 8/8
Klystron power [kW] ~600 ~450/~800
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Figure 1: Block diagram of the new phase compensation
in the digital FB control for SuperKEKB.

42 v— 7 ERERE

Figure 1 (272 %) FB #lfl (FPGA) D71 v
7K %ERT, KOO TR TS EH 72 128
Lk%%@%%o:huﬂwi5KVHm®Vﬂ
(KLY-PLL #}) (T UQ-rotation (f7#HS 7 +) %4

AL. it —2&EH (DCCT 12%5) Tl <1k
X¥ %, KLY-PLL O%4c 2 OREABEIZHMTH

27, Ve-Loop %5 & T L 2\ & 9 28 2 BhifE% £
AET 2 EDH B,

ABRED GG, EHIEVINE (E— oo
X L[AIRREE, T LT 0.1Hz~1Hz ) TRW
. I/Q-rotation DZEALIZNZA (WS D) TH D4
B3 2, 21T — A1 25T DCCT EE01 A
I35 T, IQ-rotation 13- < H HOW S I
BALER B, o T, LEEVCHEBFL—FTRAT v
TICER IS 2D Tlda <, 7+ u ZHlfEase
EEDRD 55,

ZD7-&, KLY-PLL [FRICRD X 9 7l 7=

A, BEMEICHE D> TR E - 722 (E (B2
E 001 ERAT Y 7)) CMEZEDET (—EAT v
7S LTWwL) HRTH B, HEM (REHN)
o 6flllZ LD 5, ZAEKOMED KLY-
HL@%K?—7W§ﬁ+ﬁﬁﬁﬁT*®Tm%o
(@) 1% Fig. 2 | %7 ?&b% %ﬁ%m(@
PDECO e —2ERICHHT 2 (HEa) , 7277
L ER (@.<90 ) 2352, 7o, ALEDFRKIC
Ko TRIEADHRZMIZT S Z EHARETH 5,
CITCHETARERZ, Ao X 9o, dE (B
HHIRAE) @ RF 2% (E—aliiigz &) cidLr—
7"{&1‘5%{&017;@)@? I/Q-rotation CHAHY 7 + ¢
5 EH O TAREII LRI GEVEZoNS, ZDTk
&, oD LERIE (Ve-Loop ICHZED 7\y) 35 FEREE
ZHEL T3,

D,
90° —
@y,

“La<0

S F . S

-90° —

Figure 2: Variation of phase rotation for the compensation
as a function of beam current (DCCT-value).
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Figure 3: Test result of the new function of I/Q rotation as
beam current increases in the Phase-2 commissioning.
The parameters in this test are I,= 100 [mA], a= 0.06
[deg./mA] and @, =35 [deg.].
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Loop (upper side) and the klystron output (lower side).
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Figure 5: Bode plot (upper side) and disturbance-
reduction property (lower side) with variation of loo-
phase shift ¢. These plots correspond to caluculation of
Eq. (4) and Eq. (5), respectively.
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Figure 6: Bode plot with various cavity detuning of Af=0,
-15 kHz and -30 kHz (upper side), and also bode plot at
Af=-30 kHz with various phase compensations of ¢=0,
30° and 60° (lower side).
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