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Abstract

Next-generation synchrotron radiation facilities require various and lots of magnet power supplies with high stability.
In order to provide many power supplies with a reasonably low cost in a short production period, we developed a common
output current control system using a digital feedback control technology. The system consists of a high-precision analog-
digital converter (ADC) circuit and a field programmable gate array (FPGA). FPGA includes a proportional-integral (PI)
control logic and a digital pulse width modulation (PWM) function. We first developed the highly accurate ADC circuit
of which accuracy is less than 10 ppm (pk-pk). Then we prototyped a DC power supply equipped with the above digital
feedback control system. We finally confirmed that the current fluctuation can be suppressed to less than 10 ppm (pk-pk).

1. [EC®IZ
W) 7Tt B — 2O EMNT., B DR
TR BIND = | B A BIRO H 11 ER

ZIXFEE B L TE N EREIND, fERDE
ﬁ"&AE BIRCIX, 7 el Hifa W7 —R Xy 7[E
BICKY, S ENAINTETz, ZOLHR2EIRTIX
M/ A R IC KErEE B B L7 B Bk 5T, mﬁﬂz?’ﬁ@%‘
B EEN M ET, BIBE ERF ST — g el
DMLY BEFEIC i§<@:’7%’?°ﬂ;ﬁf“ﬂf)>%’?°éhf
ETCWD, HHV 71, ZL<DE A bEi%
FHEOEFE LAV ONDT=D . ﬁﬁmﬁ {J?@F%‘?J%%:%b
IR ERRD, 2D IR LY 7 CoER
BAZE Tl EFEEE O ER E | AN BRI T O 1l %
[LORYAS RAYAC:ViN: S ey el

ZOIHRERIIHIL, Bex X, T OXVEEE D
To E—HR 7 4 — Ry ZH S AT LB ANTHZE
LUz, ZOHIHIT AT AT, @FEE D AD [0 R A2 1
P ELTEAL, BROLZEE LRSI EHT L
MWT&ED, o, TUXNVAEE FPGA TITHIZE T, &)
VERRE A B S I ZER TEXHIIIZLTVD, 2D L5
LTC. SRR BRI LTS 2T 2% EHs>
IR ARNTRR TED,

ARFTIL BB LT DX LVHIEY AT 2O E L
R DWW TOREZIE | BT DXV AT L%
= EReA B A SAEL 715882170 10ppm LA
T OB E A FZEEL 7 E R AR T,

2. TUAIIGHIHEROEHE
2.1 AiRRERL

Figure 1 |2, VAT LOME T vy 7R % 7~7, ZOH|

# ckondo@spring8.or.jp

27 2L, ERNEFAO DCCT &7 Fns -5 4 )L
ZEHAAI B (AD [BIEE) &, FPGA N TO 7 4 —R 3w 7 fil{#
[ (FB [BI#%) CRERRSHIL, BT 74— R 3w ZiilHE L
THERET D, TNtk 4 72 E R (FE /181 <0, BhEH]
A LA B DB DL T, — OO EFEEL CEIfET
53912725, ZOF T, AAA SRS O F X1 TV
BB, Fex OF A TIL AD BRIV ALl -

FPGA J& 1Rl & BRI A CGREHF 528 T,
JOIRLATEE DTN,
AD [Hi%. DCCT O7 Ful{Z B5 5 UXNAZ AL,

L. FB [EI#&~H 197278, 200 AD ZEHaRE I E K
BRSO BTG AT E DT DI | RV AT A
FEHEL 72D EHE B AD [ 272 1B L. FE DR E
{bzXK -7,
FB [Al ¥ (X, FPGA W THES S, &I iR &,
PI(Proportional-Integral)filf#l, PWM H £ T4, 7

Power Circuit Rectifier Circuit Switching Circuit Output filter Magnet

—)f T E:gé:i_' i—;J DccﬁTé

L

PWM Signal

Interlock
(0.C,0.V. )

FPGA
~ == = Feedback control ===~

Voltage Feedback

k
o el =]

Current Feedback

‘ Operational Control (PLC, ) |

Figure 1: Block diagram of power supply with digital
feedback control system.
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Table 1: Specifications of ADC Circuit

DCCT UP200A for 10-200 A
DS600 for 200-600A

Resolution 24 bit

Anti-aliasing Filter 20 kHz

Digital Filter FIR

Data Output Rate 100 kHz

Output Data Interface RS-485, SPI Master

Power Supply +18-24V, +5V

PASJ2018 WEOMO8

Figure 2: ADC circuit board.
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Table 2: Specifications of the Digital Feedback System

FPGA Core Zynq 7020 (Xilinx)
Development Tool Vivado
Operation Clock 200 MHz
Switching Frequency <100 kHz

Current Ripple (DC-1kHz) < 2mA pk-pk (10 ppm)

Long-term Stability <2mA/8hour
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Figure 3: ADC raw data (pink line) measuring the output
of highly accurate 5 Vpc source, and FIR filtered data (blue
line) with bandwidth frequency between DC to 1kHz.
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Table 3: Specifications of Magnet Power Supply

Load Magnet Impedance 34mQ, (1 mH@1kHz)
Input Power 3P-200 Vac
Output Voltage 30 V max.
Output Current 200 A max.
Switching Frequency 40 kHz
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Figure 4: Magnet power supply with digital feedback
system at a test bench.
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Figure 5: FFT amplitude of output current of a test power
supply. The operation condition was 200 A rated
operation.
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Figure 6: Long term stability of output current (red), and
measured ambient temperature (blue) with 20 hours
operation.

5. FLHESH

T2 0, AR Y o RS FE B A EIRICTE F
T&ED, T VAV AT LD E T -T2, R AT
AL, B AD B L. FPGA (255 PI I IO
PWM 7121795, AD [A1E&1%, 9ppm LL T O @&\ I E K
AR L. ZNAERLISAATS 200A OERA EIR T,
LY w7 VL 2 ppm(pk-pk, DC-10kHz) LA F & ZERK L 72,
Fio. B EE L, 9 20 BT 10 ppm LL R Th-o
770

Ltk ZOHIEIT AT 2% S OEIRA— I — ik
L., #x oA EREZEETLHET, 20f AtEo
FEEEE RO I AT - BRI A A R ST L
TV,

HiEE

A AT LAOBRFEITHTZD, J-Parc DIEARKIZILBEFE
BT RANAR72E DO ARG WA S <TEX | KA EH
WZLET, £7-. AD FIEOBTE Tl RAESHKAE
o Floy —Aa—ROBPRAFE TlX LEERK S
0 B HAFEIC KA R U CIES, B9, &

PASJ2018 WEOMO8

#ic, BIROFRBRTIL, ATV oA M —E ZDE#L
BOWVR— L CIES, EHELET,

SE X

[1] L. Tanner et al., “DIGITAL CONTROL FOR HIGHEST
PRECISION ACCELERATOR POWER SUPPLIES”,
PAC2001, (2001).

[2] http://www.softenergy-
controls.co.jp/product/sensor.html

[3] http://www.danisense.com/images/pdf/0-
600A/DS200ID.pdf

[4] http://www.analog.com/jp/products/Itc2380-24.html

[5] https://japan.xilinx.com/products/silicon-
devices/soc/zynq-7000.html

-87 -



