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Abstract

The large electric power (972MHz,3MW,Pulse width:600-700usec,duty:50Hz) RF is outputted to the ACS cave used
by The J-PARC linear accelerator by the klystron. The klystron driver amplifier of the developed LLRF system serves as
the output 40W , and a pulse reply is 25nsec. The high frequency phase control can carry out variable in resolution of
0.1 degree or less, and the phase stability of less than =1 degree. As a protection feature of equipment, RF is intercepted
by the electric power anomaly detection of a progressive wave and a reflected wave, electric discharge detection, and
VSWR anomaly detection. About VSWR anomaly detection, FPGA is adopted as VSWR arithmetic processing and RF
is intercepted in less than lmicrosec. It receives unusually [ the electric power of a progressive wave and a reflected
wave ], and can intercept RF in 300nsec with a high-speed comparator. To electric discharge, a high-speed arc sensor
can be developed by high sensitivity, and RF can be intercepted in about 1microsec. As for the whole LLRF system,
sequence control is performed by the PLC unit. This paper reports the design work, the manufacture and a power
measurement.
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Photo 1: External view.
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Figure 1: Block diagram.

Table 1: Composition

Pulse Mod & RF Switch Iset
20dB Amplifier Iset
Phase Shifter Iset
40W Amplifier Iset
RF Output Unit Iset
Arc Detector Iset(4CH)
VSWR Meter 1set(4CH)
Fast Interlock Iset
PLC Unit 1set
Temperature monitor 1set(8CH)
MCCB Iset
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Figure 2: The measured results of rising time in
modulated RF pulse.
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Figure 3: The measured results of falling time in
modulated RF pulse.
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Figure 4: Block diagram of Pf, Pr, VSWR alarm test.
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Figure 5: The measured results of RF shout down time
from detected abnormal signal at each monitor.

Table 2: The Measured Results of RF Shout Down Time
from Detected Abnormal Signal at Each Monitor

CH1 Pfalarm 240nsec
CH1 Pr alarm 240nsec
CHI1 VSWR alarm 720nsec
CH2 Pf alarm 236nsec
CH2 Pr alarm 248nsec
CH2 VSWR alarm 740nsec
CH3 Pfalarm 240nsec
CH3 Pr alarm 248nsec
CH3 VSWR alarm 756nsec
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Figure 7: The Measured results of RF shout down time
from detected abnormal signal at Kly Arc Detector.

Table 3: The Measured Results of RF Shout Down Time
from Detected Abnormal Signal at Each Arc Detector

CHI1 (Kly Arc alarm) 1.00 u sec
CH2 (Cir Arc alarm) 1.00 u sec
CH3 (Tankl1 Arc alarm) 0.99 u sec
CH4 (Tank2 Arc alarm) 0.97 11 sec
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The measured results of 40W amplifier.
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