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Abstract

The RF system of the J-PARC 3 GeV Synchrotron (RCS) consists of magnetic alloy (MA) core loaded cavities, RF amplifiers
with tetrode tubes, and RF power supplies. For further beam power upgrade of the RCS, a tool that can simulate the behavior
of RF system under the heavy beam loading condition. We developed the circuit simulation model for the RF system of RCS
using the LTspice. The developed model allows simulations that take into account the characteristics of MA cores and tetrode
tubes. The LTspice simulation results reproduce well the behavior of the RF system measured at I MW operation in the RCS.
This paper reports the details of the developed LTspice model and results of verification by comparison of LTspice simulation

and measurement.
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Figure 1: The configuration of the final stage amplifire and
RF cavity of the RCS.
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Figure 2: The impedance of the single FT3M core (375 mm,
850 mm, 35 mm). Solid lines are derived from the Eq. (1) us-
ing the measured complex permeability of the FT3M. Dashed
lines are RL ladder model with the LTspice.
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Figure 3: The RL ladder model of the single FT3M core.
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Figure 4: The impedance of tank in the RF cavity. The solid
line is the measurement. The red dashed line is the simple
R, L, C circuit. The blue dashed line is the tank model using
the RL ladder circuit.
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Figure 5: The tetrode characteristic curves of TH589 at the

screen grid voltage of 1.75 kV. The circle markers are picked

up from the data sheet. Solid lines are the LTspice model.
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Figure 7: The impedance of RF cavity of the RCS. The solid
and dashed lines are the measurement and LTspice simulation.
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Figure 8: The waveform of the control grid voltage and anode
voltage without the beam. The solid black and grey lines are
measurements of VT1 and VT2. The dashed red and blue lines
are LTspice simulations of VT1 and VT2.
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Figure 9: The increase of output current of anode power sup-
ply due to the beam loading. The black circle markers and red
triangle markers are measurement and LTspice simulations,
respectively.
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