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Abstract

SPring-8 accelerator control system deploys a lot of optical-link remote I/O system mainly for control of magnet
power supplies. A huge number of remote I/O boards are controlled from a small number of expensive VME computers.
Recently, remote I/0 boards equipped with sophisticated FPGA device can manage many complicated processes instead
of VME computers. This situation would make the VME computers over performance. Then we have paid attention to a
PLC (programmable logic controller) which has recently made remarkable progress, and have considered applying it to
a slow control system. In order to realize to build a slow control system that can utilize a huge number of currently
deployed remote 1/O boards, we have developed a master module of an optical-linked remote 1/O system (OPT-PLC)
dedicated for e-RT3 by Yokogawa electric Co. OPT-PLC has been designed to form two slots of the e-RT3 module and
to provide five channels of an optical link. It consists of a logic control board equipped with Xilinx Zynq-7000 and two
daughter cards with optical-link connectors. We have succeeded in enhancement of both adaptivity and expandability of
the logic control board by adding high-speed serial link into the stacking connector. Communication process will be
managed by software running on the ARM processors in the Zynq device. This approach allows us to enhance system
portability and to utilize the common device driver supported by Yokogawa electric Co. for e-RT3 Linux CPU module.
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Figure 1: Photo of the OPT-CC VME board.
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Figure 2: Block diagram of the OPT-CC FPGA logic.
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Figure 3: Photo of the developed OPT-PLC module.

Figure 4: Photo of a logic control board on the left side
and optical-link boards on the right side.
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Table 1: Main Specification of the Logic Control Board

SoC Xilinx Zynq ; XC7Z015-1CLG485C
Memory DDR3-SDRAM: 1GB
QSPI Flash : 128MB
LAN 1 port (RJ-45 connector)
MicroSD 1 port (Micro-SD socket)
UART 1 port (Micro-USB connector)

High-speed serial I/F 4 pairs with 6.25Gbps speed in a 70pins

stacking connector (Molex 53627-0774)

JTAG 1 port
Dimension H100 x W58.11 x D83 [mm]
Power +5V+5%
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Figure 5: Block diagram of the OPT-PLC FPGA logic.
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I
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Figure 6: OPT-PLC relative register map in PLC bus.

0x0000 b
Unit ID 1 Slot ID ‘ Process information
0x0002 Process ID [ acquiring lock flag
0x0004 I '
i Process ID U] [ Process information
0x0008 to acquire lock flag
0x000A Unit ID { Slot ID (]
0x000C
Process ID ‘
0x0010 = | Executing process
0x0012 information
0x0014 N ‘ Total P N ‘
0x0016
Reserved |
0x0020

0x0150

0x0280
Figure 7: Address map of the descriptor area.
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Figure 8: Software structure of the OPT-PLC module.
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