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Abstract

We have developed an RF acceleration system for ion synchrotron. In order to reduce the beam loss by space-charge
effect in a low energy domain, the multi-harmonic RF acceleration method is effective, in which the second and the
third harmonic signals are superposed on the fundamental signal. It is necessary for the RF acceleration system to
suppress the synchrotron oscillations by high-speed feedback control as well as to control these higher harmonic signals.
The digital control system to perform this processing is realized by hardware. The digital control system is divided into
three units based on the contents of processing, it carries out parallel processing of the function, and it can realize
flexible accelerator control and high-speed signal processing. We have succeeded in the frequency feedback control
and the acceleration control by the multi-harmonic RF acceleration method.
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Fig.1: Block diagram of RF acceleration system
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Fig.2: Outline of digital control system
F VB ARSI, LR A T A
OEEHEEELH YT S EERE= s Fr—F

(Master Controller, MC), # A I 7 5 FIZHS <&
s ) 8 2 1Y 9 5 E S = > b v — T (DPU
Controller, DPUC), & EHi{E B4LEE % 12 3~ 5 RFl
il =t > s @ — 7 (Digital Processing Unit, DPU)/> 5 ##
mEhs,

MCIE EAT S 2T A BAEE S A s
BANRTA—=F (VY hT—F, RNE—2F—
X)) %% L. DPUB X7 1 715 BALHEEE 1
RET D E LB, \EREMEGIE S AT AOIRRE
% FARHEE Y AT Dm0 L VW o T
UTNE A LEREPERSI NN 7 by = 7 4LE
ZHY9 %, MCIZIZCPUIZSH-4 (240MHz)Z £ L
7244t hm—FHISEC 04/R600CHZ %1 L 7=,

B A UTIEEICHES S INES#EZ2 &S 5
DPUCIE., MC & [A4£IZCPUIZSH-4 (240MHz) % £
L7z E@EdE = he— Th b, DPUCIHEY A
YIEFITR L TI0us DI E &2 EBT 5720, MC
N L CHE L7z, £72DPUCIE., DPUDIE#L
ez AT 22 A L, MC2>HDPUAE Y ~
DF —ZREIL., DPUDEIREEZFEZR LN S
DPUCHH THEMT 5, FD7i=H, DPU L DPUCH
filIXFPGA (Field Programmable Gate Array)% /" L 7=
BN THERT 5,

7 JE IR N 4 oD = SR RE C b 2 i JE A B AL
ZHY T LDPUIE, 2usBA FD 7 4 — RNy 7 i
WVEE DR 2 KT D720, RXE—2 AT
7 AALEER X OVERIEALIE 7 0 — KXy 7 il o
MERMEAZERK T HDPULE . BT 4 — R
N/&@ﬁk@kiwé%ﬁ%%mﬁ%imﬁé
DPU2IZ/ i CEELE, b - >D2=y T
@Eﬁmﬂ A TFPGAIZ THEIE L,

K37 VX AR S BREEE OB, RUCT VX
IS B ALERAE & O ik B R T,

4

»

;
bl

© T

380mm
nceaoanooﬂl"lL
b @ o

L&

v ___ 5 dh

.-’«...-!\: -..5"!‘

480mm

Fig.3: Photo of digital control system

Table 1: Specification of the RF digital control system

Frequency Range 1-10 MHz

Frequency Resolution 24 bits (4.2Hz/LSB)
Phase Resolution 12 bits (0.08deg/LSB)
Amplitude Resolution 16 bits (0.02V/LSB)

Pattern Memory Capacity 16 Mbytes (SRAM, ECC)
Synthesizer Clock Frequency 80 MHz
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Fig.5: Multi harmonic RF signal and bunch shape
(At 100 ms after the start of acceleration)
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Fig.6: Beam intensity under acceleration
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