                  An FPGA Based Gigabit Ethernet VME Controller

We have designed and built a VME controller based on a Xilinx Virtex-II ProTM FPGA.  This VME controller operates in a different scheme than other gigabit Ethernet VME controllers on the market. An external computer communicates directly with the VME controller via any commercial gigabit Ethernet card.  The controller can also be part of a Local Area Network (LAN) containing Level-2 Gigabit Ethernet fiber switches allowing multiple computers to talk to multiple VME controllers.

Ethernet packets containing multiple VME read/write commands are sent via fiber to the VME controller.  When received, the packets are decoded by the FPGA and the commands are processed directly on the VME bus.  Any information read from the VME bus is returned to the initiating computer via gigabit Ethernet packets.  The advantage of this method is that VME commands are processed as quickly as possible.  The overall throughput rate is limited by the VME handshake protocol and the response time of the responding slave.  No processor is present on the VME controller.  All Ethernet and VME communications are executed directly by the firmware on the FPGA. 

Ethernet transfers to and from the device utilize the Xilinx’s RocketIOTM transceivers which provide the clock recovery, serializer/deserializer, buffering, and checksum calculation functions necessary for standard gigabit packets (compliant with IEEE 802.3 1000Base-SX Gigabit Ethernet).  The Ethernet packets consist of a standard MAC frame with up to 9000 bytes of user data.  The user data contains commands for the controller using a private protocol and typically consist of multiple VME address/data commands.  
To optimize data transfer for speed, the Ethernet packets transferred should be a large as possible. Any number of VME address/data commands can be sent for processing in a single Ethernet packet limited only by the maximum packet size (Standard or Jumbo).  Multiple VME commands per packets also makes sense given the efficiency of Jumbo packet handling in commercial Gigabit Ethernet PCI cards.
The controller is an Auto System Controller utilizing a First Slot Detector (FSD) to enable the System Controller functions.  The System Controller functions are Arbiter and SYSCLK driver.  The SYSCLK driver can be enabled or disabled.  The Arbiter can be configured as a Single Level (SGL), Round Robin Select (RRS), or Priority (PRI) Arbiter.  In addition to the System Controller function, the controller can function as a VME Master and/or Interrupt Handler (IH).  As a VME Master it supports the following addressing and data transfer modes: A16, A24, A32, A40, A64, D08(EO), D16, D32, MD32, D08(EO):BLT, D16:BLT, D32:BLT, MD32:BLT, MBLT, D08(EO):RMW, D16:RMW, D32:RMW, and MD32:RMW.  As an Interrupt Handler, IH(1-7), it can be configured to handle interrupts on any of the 7 Interrupt Request lines and supports D08(O), D16, or D32 Status/ID transfers.  The Requesters for the Master or Interrupt Handler can be configured as a Release When Done (RWD), or Release On Request (ROR) Requesters, both of which can be configured to be Fair Requesters.
In addition to standard VME commands the controller accepts handshake and delay commands to allow synchronization with the controlling external computer and control over command timing on the VME backplane.  Errors, warnings, and interrupts are communicated to a pre-specified server computer by sending packets spontaneously with the data type identified in the data header according to a privately defined protocol.  The controller supports standard Broadcast and Multicast MAC frames.  No standard protocols above the MAC layer are supported.

The controller contains an on-board Flash memory that is used to store the Ethernet MAC address, MAC Group addresses (Multicast), the default server MAC address, and configuration options.  The MAC addresses and all configuration options can be saved to and restored from the Flash memory via Ethernet communications.  The Flash memory is segmented into 21 separate configuration pages for storing different configuration setups.  Any one of the 21 configurations can be set as the default configuration that is loaded on power up.
The hardware of the controller was designed to be operated in a large magnetic field and in a moderate radiation environment.  No iron core magnetic components are used.  All electronic components have been radiation tested and found to be radiation tolerant to a minimum of 6 kRads for Total Ionizing Dose (TID) and a minimum of 2X10^12 neutrons/cm^2 for total neutron fluence.  Because this controller is expected to operate in an environment where Single Event Upsets (SEU’s) are possible, some SEU mitigation techniques have been used in places where data are expected to remain idle for extended periods.  This includes an external FIFO for buffering VME commands, the Flash memory for storing configuration data, and several internal FIFO’s for buffering data being written to the Flash memory.  In these cases, a combination of error correcting codes and majority logic are implemented to maintain data integrity.
Firmware updates can be programmed into a Flash PROM via JTAG either through a dedicated JTAG connector or commands sent over Ethernet.

