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New operation interface for rf voltage and phase of RIBF cyclotrons
using rotary encoder

K. Yamada,∗1 S. Ishikawa,∗2 R. Koyama,∗2 K. Yadomi,∗2 and N. Sakamoto∗1

The RIBF accelerator complex can accelerate all
kinds of ions up to β = v/c = 0.7 via a four-stage
cascade of ring cyclotrons, i.e., the RIKEN Ring Cy-
clotron (RRC), fixed-frequency Ring Cyclotron (fRC),
Intermediate-energy Ring Cyclotron (IRC), and Super-
conducting Ring Cyclotron (SRC). The rf systems for
these cyclotrons are controlled by using an individual
programmable logic controller (PLC) for every rf res-
onator. The remote control interface for the fRC, IRC,
and SRC accomplished in 2006 has been actualized by
an Ethernet connection to PLCs using a PC base driver
and SCADA software of Wonderware InTouch 9.5. The
remote control interface had some problems such as
slow response and disconnection of network owing to
the use of an older-generation PLC. Thus, we have con-
structed a new operation interface to remotely control
the rf voltage and phase using rotary encoders such
as that for the RRC instead of using mouse clicks in
order to realize smooth and comfortable operation of
the cyclotrons.

Figure 1 shows a schematic of the new remote con-
trol system. The remote control interface is directly
connected to an additional PLC (OMRON CS1H) in-
stalled in the control room. The signals of rotary en-
coders are counted by fast counter modules of the PLC
and converted to set point data for the rf voltage and
phase, which are stored in the PLC memory. The data
are distributed to relay PLCs installed in the vicin-
ity of the existing RF control PLCs for the fRC, IRC,
and SRC through a private data link network using
Controller Link. Each relay PLC is connected to the

Fig. 1. Schematic of the new remote control system for

RIBF cyclotrons.
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existing RF control PLCs via an open field network,
DeviceNet, because the existing PLCs were already
discontinuous product but they had been incorporated
in the DeviceNet master module.

As shown in Fig. 2, two hardware buttons, eight ro-
tary encoders, and a touch panel are mounted on the
interface. One of the hardware buttons is a LOCK
button and the other is a SET button similar to the
RRC interface. The control inhibition has to be re-
leased by the LOCK button to start the operation us-
ing encoders, and the control is automatically inhibited
after 3 min. A control target cyclotron, fRC, IRC, or
SRC has to be selected using the touch panel. When
the lock is released, the all present set points of the rf
voltage and phase on the existing RF control PLCs are
imported to the memory on the PLC installed in the
control room, and the operation using the conventional
PC base control is invalidated, which ensures compat-
ibility. The group of rotary encoders on the left is
for rf voltage control, whereas the group on the right
is for rf phase control. The voltage setting of all the
rf resonators can be adjusted individually. The phase
setting of the main acceleration resonators is adjusted
using a rotary encoder simultaneously, and the phase
setting of the flat-top resonator is adjusted indepen-
dently. All the present values of voltage and phase,
set points, and control step sizes are indicated on the
touch panel. The control step size can be selected us-
ing the touch panel. The present set points can be
saved to memory by pushing the SET button up to
ten times.

The new system was successfully commissioned in
March 2015 and was operated during the RIBF exper-
iments without problems. Owing to the introduction
of the new interface, smooth operation with a response
ten times faster than that of previous systems and no
network connection issues will lead to optimum tuning
of the rf voltage and phase for the RIBF cyclotrons.

Fig. 2. Remote control interface for the new system.

Fig.1. Experimental setup of the buncher system together with   the
longitudinal potential diagram (DC injection). 

Fig. 2. Waveforms observed by FC3 for each injection schemes at the frequency of
2 Hz. 

Fig. 3. Operation frequency dependence of stacking efficiency for each injection
scheme. 

Development of a buffer gas-free Buncher for SCRIT experiments 
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 We developed low-energy–ion beam buncher1) for ion 
beam injection into the SCRIT device at the Self-Confinig 
Radioactive isotope Ion Target (SCRIT)2) facility. This 
apparatus makes it possible to convert a continuous beam 
from Electron-beam-driven RI separator for SCRIT
(ERIS)3） to a pulsed beam with 500 s duration. This 
buncher is based on a linear radio-frequency quadrupole 
(RFQ) buncher widely used in the world. However no 
buffer gas is used and this buncher works in ultra-high 
vacuum condition. The new-type buncher we have 
developed stacks continuously injected ions using RF 
fringing fields created at both ends of the RFQ electrodes, 
and extracts them as a pulsed beam. In off-line test 
experiments, we found the DC to pulse conversion 
efficiency. We also found that the efficiency is greatly 
improved by combining with pre-bunching at the ion source 
using grid action.  

 Figure 1 shows the schematics of the off-line experimental 
setup of the system together with the longitudinal potential 
diagrams. This consists of an ion source with a grid, RFQ 
electrode with barrier electrodes as both ends, and the 
analyzing magnet. Three Faraday cups were used as beam 
diagnostic device as shown in the figure. The RFQ has a 
total length of 914 mm and a bore radius of r0 = 8.0 mm. RF 
field with less than 500-V amplitude is supplied in the 
frequency range from 0.3 MHz to 3 MHz from an LC 
resonance circuit. The ion source is a surface ionization 
type, and it provides alkali metal ions (133Cs+, 85-87Rb+, 
39-41K+, and 23Na+) beam. Accelerating voltage VAcc = 6.0 kV. 
The voltage VBar applied to barriers 1 and 2 was slightly 
lower than VAcc, VAcc - VBar = 1.5 V, and higher than the DC 
voltage VDC applied to the RFQ electrodes, VBar – VDC = 
5~10 V. With this condition, continuously injected ions are 
decelerated by the RF fringing field in between the barrier 
and the RFQ. Stacked ions are extracted from the buncher  
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when the potential of the barrier electrode 2 is switched to 
VDC – 120 V. This operation was repeated with appropriate 
frequency. 
 From the observed waveforms at FC1-3, we estimated the 
number of ions at each position. The stacking efficiency is 
defined as the ratio between the number of ions injected in 
the operation period (Ninj) and the extracted yields of pulsed 
beam (Next), =Next/Ninj. Figure 2 shows example of 
waveforms of pulsed Cs ion beams observed at FC3 at the 
operation frequency of 2 Hz. Red and green lines indicates 
cases of continuous beam injection and pre-bunched beam 
injection respectively. Pre-bunching enhances the yield of 
the pulsed beam by approximately three times. Estimated 
DC-pulse conversion efficiency is shown Fig. 3 as a 
function of the operation frequency. The efficiency 
increases with the operation frequency, and the typical 
value for continuous beam injection, for instance, is 
approximately 5% at the 2 Hz operations. The efficiency for 
the case of the pulsed beam is always enhanced and roughly 
30% at the operation frequency of less than 10 Hz. This is 
due to the enhancement of the peak intensity of the 
pre-bunched beam and by significantly reducing the 
stacking time in the RFQ. 
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