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Abstract

We developed high-precision digital control magnet power supplies aiming at next-generation light sources such as
SPring-8-1I. The control system consists of a high-precision ADC circuit and an FPGA that processes proportional-
integral control and pulse-width modulation. Using the system, the current ripple and long-term stability (8 hours) of the
power supply are controlled within 20 ppm. The power supply can be made to fit various magnets by readily adjusting
feedback parameters. We also developed a function to synchronize the timing of multi-channel outputs such as three
outputs for sextupole steering magnets. The newly developed power supplies have been introduced to the next-generation

3 GeV light source, NanoTerasu.
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(b) Unipolar Switching
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Figure 1: (a) Schematic layout of switching circuit. (b)
Simulated waveforms of current and voltage in unipolar
switching(left) and alternative bipolar switching (right). (c)
Measured current ripple dependence on setting current for
two switching methods.
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(a) Block Diagram
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Figure 2: (a) Block diagram of steering PS and auxiliary
coils of sextupole magnet. (b) Current waveforms of three
outputs when the currents are changed from (1A, 2A, 1A)
to (0.7A, 1.4A, 0.7A). (c) Zoomed and scaled waveform.
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Figure 3: Schematic layout of magnets and power supplies for one cell in storage ring in NanoTerasu.
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Table 1: Specifications of Magnet PSs in NanoTerasu

PS Polarity  Out Current/ Quantity
Name -put Voltage (Backup)
High Power PS
U650  Unipolar 1 650A/400V 2 (D)
U350  Unipolar 1 350A/200V 4(1)
uso0 Unipolar 1 S0A/50V 3(1)
U250  Unipolar 1 250A/110V 6 (1)
U330  Unipolar 1 330A/60V 3(0)
U170  Unipolar 1 170A/30V 5(1)
U300  Unipolar 1 300A20V 1 (0)
DC-link PS
B5a Bipolar 3 +/- SA/4V 46 (3)
B5b Bipolar 3 +/- SA/10V 19 (1)
B12 Bipolar 2 +/- 12A20V 17 (1)
B16 Bipolar 3 +/- 16A/8V 133 (4)
U20 Unipolar 2 20A/10V 6 (1)
AUX9  4-Quad. 2 +/- 9A/20V 5(1)
AUX20  4-Quad. 2 +/- 20A/9V 50 (2)
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Figure 4: Schematic layout of magnet interlock system in
NanoTerasu.
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Bus bar
from Backup PS to Mag. 1

F1gure S: (Left) Full view of PS switcher. (Right)
Photograph of power line connection switched from PS-1
to Backup PS.
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