Spallation Neutron Source

SNS Machine Protection System VME/PMC  Module Design

Transition Board

Interface Chassis

August 2001

[image: image9.wmf]Real-Time

Data Link

(RTDL)

RTDL parameter

transmission

0

-1 ms

-2 ms

1 ms

3 ms

2 ms

4 ms

RTDL

transmit

RTDL valid

System xxx

Trigger

5 ms

6 ms

mode

snapshot,

1Hz, 10Hz,

etc...

linac beam

end

extract

beam

accumulation

Rf, High voltage

Gates

-3 ms

MPS Fault

Anytime

MPS Inhibit

Anytime

cycle start

Anytime

event link

machine

Informational Events,  non critical timing

Time Critical Events,  (Hardware is counting)

Master Trigger Generator



SNS Machine Protection System Module

Table of Contents:

3INTRODUCTION


4Fast Protect Auto Reset


4Fast Protect Latched System


4MPS System Hardware Description


5MPS Logic Description


6Interrupt Logic


7Event Link / RTDL Interface


8SNS-MPS Module VME/PCI Interface


9SNS-MPS Module Address Map


11PMC Registers


15Interrupt Control Registers


15PMC IO Connectors


16J2/P2 VME - PCI BUS connections


18MPS Transition module


20SNS-MPS Input chassis


21Jumper description:


21INPUT - OUTPUT Signal Description


23Input Signal Block


24MPS IO chassis indicators


24SNS-MPS-VME board Installation


24Software




INTRODUCTION

The SNS Machine protection system concentrates accelerator and beamline systems status and allows a carrier signal to propagate to the front-end equipment when the Machine is in a safe state.  There are two machine protection networks or “links”, the auto reset link and the latched link.  Each of the links connects to machine protection hardware consisting of input interlock signals and hardware logic that transmits a carrier signal or inhibits the signal from being transmitted in a fault condition.  The lack of a carrier indicates a fault condition that will inhibit the source from producing beam.  


The first MPS module receives the permit link carrier signals from the timing system. The frequencies of the carriers are 8 MHz and 3 MHz (Ring TBT/2 and Ring TBT/6). The event link clock will be used to clock in the permit link signals and set a fault if the carrier is lost, or if the clock frequencies are too far off of nominal.  This will prevent beam in the case of mixed up fast protect and latched permit cables, and will result in a fault if there is cross talk between the signals.  The event link carrier will be the revolution frequency of the ring (Ring TBT) times 16, or approximately 16 MHz (or a 63 nsec. period)


The time for detection of the carrier signals being lost depends on the location of the fault, the number of machine protection modules the signal propagates through, and the length of cable the signal must travel. The approximate delay through each machine protection module is 100 nsec. From the source to the extraction kicker an additional delay of approximately 1.2 usec occurs before the extraction circuits can prepare the kickers to fire.  This allows the beam to be shut off in less than 20 (sec from receipt of a fault signal.

Fault State Conditions:

· If a latched permit is lost due to equipment or cable connection failure the SNS-MPS module will: 

   1.Terminate the downstream LATCHED_PERMIT_LINK carrier output. 

   2.Latch the latched permit input's time of failure. 

   3.Generate a VMEbus interrupt (if enabled). 

· If a fast protect input is lost due to equipment or cable connection failure the SNS-MPS module will: 

   1.Terminate the downstream FAST_PROTECT_LINK carrier output. 

   2.Latch the latched permit or fast protect input's time of failure. 

   3.Generate a VMEbus interrupt (if enabled). 

· The upstream LATCHED_PERMIT_LINK and FAST_PROTECT_LINK carriers are detected in all SNS-MPS modules. If the one of the upstream LINK carrier fails, the module will: 

   1.Inhibit the downstream LINK carrier output circuit. 

   2.Latch the upstream LINK carrier failure time.

   3.Generate a VMEbus interrupt (if enabled).

Fast Protect Auto Reset

The fast protect system consists of the fast protect hardware logic, the fiber optic network transmitting the fast protect carrier (FAST_PROTECT_LINK) and the front-end hardware which turns off the beam. The fast protect inputs come from systems such as loss monitors, position monitors, RF transmitters, and vacuum monitors.  These fast protect inputs will disable beam production through the FAST_PROTECT_LINK until the next injection cycle by disabling the fast protect carrier signal.  As long as the inputs are satisfied, the fast protect hardware will allow a carrier signal to propagate from the previous fast protect module to the next, or to the injector in the case it was the last module, allowing beam production.  A loss of the fast protect carrier will inhibit the LEBT chopper from producing the macropulse.  The RF drive to the RFQ will also be disabled through a pin diode circuit.  The carrier will also propagate to the extraction kicker that can be fired to extract beam from the ring in a fault condition.

Fast Protect Latched System

The latched permit system consists of the latched permit hardware logic, the fiber optic network transmitting the latched permit carrier (LATCHED_PERMIT_LINK) and the front-end hardware that turns off the beam. The inputs to the latched permit protection system include system states such as the dump system status, valve status, vacuum status, power supply status and RF status.  The latched permit inputs will interrupt the carrier to the LATCHED_PERMIT_LINK upon a failed state at any input; the signal will not propagate to the next module. The LATCHED_PERMIT_LINK will be disabled until a reset is received, regardless of the state of the inputs. The loss of the latched permit carrier at the source will result in the 65 kV power supply in the ion source being turned off as well as the power supply for the RF in the RFQ being disabled.  After the offending condition is cleared, the permit link can be reset and will enable the carrier to propagate to the source. After all conditions are reset, beam production can continue.

MPS System Hardware Description


There are three components to the MPS hardware local to an IOC, the PMC module, the transition module, and the MPS IO chassis.  The PMC module contains the interface to the PCI bus, MPS shutoff logic, and IO connectors to the P2 connector and the 68 pin SCSI connector.  The transition module connects to the P2 connector on the VME64x back plane and splits the signal for two MPS systems (when connected to a PMCspan PCI board).  The MPS IO chassis interfaces all external signals to the PMC module through the transition module and displays certain status information about the system.
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Figure 1.  MPS Hardware components

MPS Logic Description


The input channels for the Latched Permit System (FPL) and the Fast Permit System (FPS) are the same with the exception of the fault-reset circuit (Figure 2). The input signals are processed on the input chassis circuit board.  All inputs are galvanically isolated using optocouplers.  The inputs come through the front panel using the 68 pin SCSI connector and the P2/J2 connecters on the VME64X from the transition module, described later.  When the input goes low, the output of the input latch is forced low.  This latches a 31-bit counter to record the time of the fault.  It also goes to the input status register and to an OR gate which supplies the inputs of the CARRIER_LINK_OUTPUT logic.  If a software mask for a particular channel is enabled through a hardware jumper, an EPICS record can provide a mask to disable the input.  The actual status of the input and time of faults are still recorded.  The mode input supplies an index to RAM, the “MACHINE MODE”, that provides masks for different operating modes. The reset mechanism for the FPL is through EPICS.  The reset for the FPS-AR is the CYCLE_START EVENT from the event link.  This occurs approximately 4 msec before beam. Note that in either case, reset only clocks the input to the output so no false enables are generated.


[image: image2.wmf] Software Mask

Register

Mask

Enable (jumper)

MPS "AND"

Carrier Output

Enable logic

MPS Input

Status

Register

RAM MASK

BIT

MODE / CRC

check

Counter

Latch

MPS

Input

FPS 60 Hz Reset

or

BPS Reset

Input

Latch

J

Clk

K

/ Set

/ Reset

Q

/ Q

VCC


Figure 2. Machine Protection Input Logic


The output logic for the FPL and the FPS-AR circuits are the same (Figure 3).  All eight inputs of either the FPS-AR or FPL are “ORed” with the input enable signals and “ANDed” together (figure 2).  This result is “ANDed” with the input CARRIER_LINK detect and frequency check circuit, IOC heartbeat signal, and the EVENT_LINK_CARRIER detect circuit.  If all signals are OK, the CARRIER_LINK input signal is sent to the MPS interface chassis to be transmitted to the next MPS board in the link.


The IOC heartbeat circuit is simply a preloadable counter that counts down from the heartbeat time.  An edge-triggered input from the IOC reloads the counter.  If the counter gets to zero, the heartbeat input is latched in the fault state.


The frequency check circuits use the 33 MHz clock derived from the phase locked loop on the PMC module times 2. The frequency is doubled using Altera’s CLKLOCK megafunction.  The input clock to be verified is used as the DIR input to a counter module.  The counter is synchronized to the CYCLE_START event.  As long as the input frequency is correct, the counter should keep count up to 4 or 5, and then back to zero.  A comparator checks the counter output, and flags an output if the counter counts too high, or low. 
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Figure 3. Output CARRIER_LINK enable logic

Interrupt Logic


The MPS board creates an interrupt on the PCI bus upon receipt of a CYCLE_START event from the event link.  This causes two actions, counters and status registers are latched into read buffers, and all fault timers are reset.  This creates a 66 nsec window of uncertainty from receipt of a fault, but this is considered acceptable.  The interrupts will read all registers.  The MODE in use is compared with the MODE received by the utility board, and the outputs disabled if a difference is detected.  The software masks are checked with allowable masks and the output is disabled if an error is detected.  The jumper settings are verified with database settings.  The software version is verified with the database.

Event Link / RTDL Interface 


The carrier detect circuits for the EVENT LINK and the RTDL are the same except for the frequencies of the carrier.  The RTDL operates at 10 MHZ while the EVENT LINK operates at 16 times the ring revolution frequency.  The clock used for frequency checks is the same 33 MHz clock used to detect the FPS-AR and FPL carriers.  The RTDL data and the RTDL data valid event should be received at 60 (120)Hz.  There is a timer that will disable the beam if the data and events are not received in 17 (9) msec.  The timing sequence for SNS is shown in figure 4.

[image: image10.png]()  hiojeloqe1 euoney sowely so [euoiey Aajayiag MuaIMe] « K| J0jesay [euol oy 011 2uuobiy r\J

1)4N0S NOdLNIN zc_Z:zm =





Figure 4. Event Link Timing diagram.
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Table 1. 32 beam modes defined shown with EVENT_LINK priorities.  The pulse widths and repetition rate are the maximum allowed values for a particular mode.  The actual rate can vary down to single shot mode and the number of turns injected, and length of turn injected can vary.  The actual macro pulse length, mini pulse length, and rep rate are EPICS variables and are set by an IOC in the front end.

Each SNS-MPS module is connected to the SNS_EVENT_LINK and the SNS_RTDL_LINK for “MODE” input redundancy. The modes received are ANDed to enable the output. Each valid “MODE” event is used as an index into a memory map.  The contents of memory are specific to each module and are mode dependant.  If a second target facility were built, several additional modes would be required.

The machine mode to mode mask translation table is stored in a RAM on the PMC module. The RAM is memory mapped on the PMC card as 128 bytes in read/write registers. Upon receipt of an RTDL_VALID event, the mode received from the RTDL is compared with the mode received on the event link.  These “MODES” are compared and if valid, are used as the index. Once the index is validated, the new mask is clocked into the MODE MASK register.

SNS-MPS Module VME/PCI Interface 

The SNS-MPS module is addressed through the PCI bus.  Registers required for MPS operation are highlighted in bold.  The PCI configuration Space registers are shown in the following table:

	PCI Config offset
	Bits
	Description
	Application

	00
	31-16
	Device ID
	Set to “1083” for this board

	00
	15-00
	Vendor ID
	Set to “10B5” for this board

	04
	31-16
	Status
	Indicates PCI status 

	04
	15-00
	Command
	General Control Info

	08
	31-08
	Class Code
	“080100” in this application

	08
	07-00
	Revision ID
	XX = board revision

	0C
	31-24
	BIST
	Built in self test (Not used)

	0C
	23-16
	Header Type
	“00”

	0C
	15-08
	Latency Timer
	Not used, since this is not a bus master

	0C
	07-00
	Cache Line Size
	Not Used (“00”)

	10
	31-00
	BAR0
	Base Address Reg 0 – not used (0000)

	14
	31-00
	BAR1
	BAR1 – PLX9050 Internal Registers

	18
	31-00
	BAR2
	Base of 128Kx16 SRAM on PMC

	1C
	31-00
	BAR3
	Access Altera space

	20
	31-00
	BAR4
	Base Address Reg 4 – not used (0000)

	24
	31-00
	BAR5
	Reset ALL Altera user flip flops

	28
	31-00
	Reserved
	Not Used

	2C
	31-00
	Reserved
	Not Used

	30
	31-00
	Expansion ROM Address
	Not Used

	34
	31-00
	Reserved
	Not Used

	38
	31-00
	Reserved
	Not Used

	3C
	31-24
	Max Latency
	Not Used

	3C
	23-16
	Min Grant
	Not Used

	3C
	15-08
	Interrupt Pin
	Set to “01”, indicating use of IntA line

	3C
	07-00
	Interrupt Line
	Assigned uniquely by System Software


Table 2. Register definitions as defined by the PCI Local Bus Specification 2.2 and implemented on the Technobox PMC card.

There are two modes of accessing the PMC card, Memory mode and register mode.  The memory mode addresses the 256Kbyte SRAM on the PMC card.  The SRAM is not used.

The VME status/ID PROM, control registers, and event code SRAM are addressed via D16 addressing mode. The Permit module requires xxx bytes of A16 address space as shown below. The PCI standard defines the contents of the PCI registers.  For the MPS board, the first 12 bytes should be read and verified. Table 2 defines the contents of these registers.  

SNS-MPS Module Address Map 

	Signal
	BAR3 + offset
	IO type
	R,W or RW
	Comments

	PMC ID
	0x00
	16 bits
	R
	SNS –PMC ##### -Serial number

	Software version
	0x02
	16 bits
	R
	Software revision #

	Date Code
	0x04
	16 bits
	R
	Date code

	Heartbeat time
	0x06
	16 bits
	RW
	16 MHz ticks for the IOC heartbeat frequency, i.e. at 2 msec, 32000 or 0x7d00 hex

	FPS-AR Mode Mask Write Enable
	0x08
	16 bit
	RW
	Enable bit for downloading mode masks. 0x55aa – enabled

	FPL Mode Mask Write Enable
	0x0A
	16 bit
	RW
	Enable bit for downloading mode masks. 0xaa55 – enabled

	Interrupt Enable
	0x0c[0]
	1 bit
	RW
	Interrupt Enable bit

	FPS-AR Input Carrier Status
	0x0e[0]
	1 bit
	R
	1 = OK

	FPL Input Carrier Status
	0x0e[1]
	1 bit
	R
	1 = OK

	FPS-AR Output Carrier Status
	0x0e[2]
	1 bit
	R
	1 = OK

	FPL Output Carrier Status
	0x0e[3]
	1 bit
	R
	1 = OK

	IOC Heartbeat Status
	0x0e[4]
	1 bit
	R
	1 = OK

	IOC Heartbeat Enable
	0x0e[5]
	1 bit
	R
	IOC heartbeat jumper

	PLC Bypass jumper
	0x0e[6]
	1 bit
	R
	1=Jumper installed

	PLC status
	0x0e[7]
	1 bit
	R
	1=PLC bypassed

	FPS-AR Software Mask Jumper status
	0x10[7..0]
	8 bits
	R
	1 = OK (jumper setting)

	FPL Software Mask Jumper status
	0x10[15..8]
	8 bits
	R
	1 = OK (jumper setting)

	Fast Protect Input Status
	0x12[7..0]
	8 bits
	R
	1 = OK (1 bit per input)

0 = INPUT FAULT

	Latched permit Input Status
	0x12[15..8]
	8 bits
	R
	1 = OK (1 bit per input)

0 = INPUT FAULT

	MODE Mask read back
	0x14
	16 bits
	R
	Mode mask readback of mask in use

	Validated Mode Read back
	0x16
	8 bits
	R
	Validated MODE used as index to lookup table

	EVL Mode Read back
	0x18[15..8]
	8 bits
	R
	Mode in use from EVENT_LINK

	RTDL Mode Read back
	0x18[7..0]
	8 bits
	R
	Mode in use from RTDL

	FPS-AR connection status
	0x1a[7..0]
	8 bits
	R
	Input cable connection detected

	FPL connection status
	0x1a[15..8]
	8 bits
	R
	Input cable connection detected

	FPS-AR channel status
	0x1c[7..0]
	8 bits
	R
	1 = Masked or NO Fault

	FPL channel status
	0x1c[15..8]
	8 bits
	R
	1 = Masked or NO Fault

	FPS-AR fault Counters
	0x20-0x3f
	32 bits
	R
	MSB 1 = latched 

(fault state)

8 Channel counters

	FPL fault Counters
	0x40-0x5f
	32 bits
	R
	MSB 1 = latched 

(fault state)

8 Channel counters

	In link fault Counters
	0x60-0x6f
	32 bits
	R
	MSB 1 = latched 

(fault state)

4 Channel counters

	FPS-AR channel enable
	0x80-0x8F
	16 bits
	RW
	16 bits per channel

0xA5A5 = Channel Enabled

	FPL channel enable
	0x90-0x9f
	16 bits
	RW
	16 bits per channel

0x5A5A = Channel Enabled

	FPS-AR Software Mask
	0xA0-0xAF
	16 bits
	RW
	1 word per channel

0x5AA5 = masked

	FPL Software Mask
	0xB0-0xBF
	16 bits
	RW
	1 word per channel

0xA55A = masked

	FPL Channel Reset
	0xC0-0xdF
	16 bits
	W
	0x(CHAN_NUM), 0x(~CHAN_NUM) << 8

Hardware resets to zero after write

	Heartbeat Register
	0xe0
	16 bits
	W
	Serial #

	Heartbeat Reset
	0xe2
	16 bits
	W
	~Serial #

Hardware resets to zero after write

	FPS-AR Mode Mask
	0x100-0x1ff
	16 bits
	RW
	Low byte MM

Hi Byte /MM

	FPL Mode Mask
	0x200-0x2ff
	16 bits
	RW
	Low byte MM

Hi Byte /MM


Table 3. Register Map for PMC-10K70.  Base Address obtained from the BAR2 PCI access register.

PMC Registers

PMC_ID – SNS ID number of PMC Logic design.

Software Version – Altera code version number

Date Code – Date software was compiled

IOC Heartbeat time, READ / WRITE – This register contains the number of 16 MHz ticks the heartbeat detector will count before issuing an IOC timeout fault.  The clock is obtained from the EVENT_LINK input.  The heartbeat enable jumper must be installed to enable the IOC heartbeat.

Mode Write Enable, READ / WRITE – The FPS-AR mode write enable register must be set to “0x55AA” to enable the downloading of mode masks to the mode mask registers.  The FPL mode write enable register must be set to “0xAA55” to enable the downloading of mode masks to the latched mode mask registers.  The carrier link outputs for the FPS-AR and the FPL carriers are disabled while either of these registers are set.

Interrupt Enable, READ / WRITE – This bit must be set to “1” to enable interrupts from the MPS board.  This should be set to “0” during initialization, and a “1” after the board is enabled and configured.  The MPS board will generate interrupts on receipt of a CYCLE_START Event.

MPS Status Register, READ

· FPS-AR Input Carrier Status, BIT 0 – This bit contains the status of the FPS-AR input carrier.  A “1” indicates the carrier is detected, a “0” indicates a lack of the input.

·  FPL Input Carrier Status, BIT 1 – This bit contains the status of the FPL input carrier.  A “1” indicates the carrier is detected, a “0” indicates a lack of the input.

· FPS-AR Output Carrier Status, BIT 2 – This bit contains the status of the FPS-AR output carrier.  A “1” indicates the carrier is enabled, a “0” indicates a lack of an output.  This bit will toggle to “0” when any of the inputs go into a fault condition

· FPL Output Carrier Status, BIT 3 – This bit contains the status of the FPL output carrier.  A “1” indicates the carrier is enabled, a “0” indicates a lack of the output.  This bit will toggle to “0” when any of the inputs go into a fault condition

· IOC Heartbeat Status, BIT 4 – This bit contains the status of the IOC heartbeat input. A “1” indicates the IOC heartbeat is functioning and a “0” indicates a lack of the IOC heartbeat

· IOC Heartbeat Enable, BIT 5 – This bit contains the status of the IOC heartbeat jumper.  A 1 indicates the IOC Heartbeat is enabled and the jumper is installed, a 0 indicates the IOC heartbeat is not used.

· PLC Bypass Jumper, BIT6 – This bit reads the status of a jumper in the interface chassis that, if present, allows the MPS chassis to be bypassed externally from a PLC.  (A future modification will make the PLC supply power to the interface chassis allowing the IOC to be powered down.)

· PLC Bypass Status, BIT7 – If this bit is set, the chassis is bypassed and the IOC may be shut off without affecting the fast permit carriers.

FPS-AR Software Mask Jumper status, READ – This register shows the status of hardware jumpers on the board that allows a channel to be disabled through software. A “1” indicates a jumper is installed and the associated input can be masked out or disabled through software.  A “0” indicates the channel cannot be masked or bypassed through software.  The FPS-AR inputs are on bits 0 – 7.

FPL Software Mask Jumper status, READ – This register shows the status of hardware jumpers on the board that allows a channel to be disabled through software. A “1” indicates a jumper is installed and the associated input can be masked out or disabled through software.  A “0” indicates the channel cannot be masked or bypassed through software.  The FPL inputs are bits 8 - 15.

Fast Protect Auto Reset Input Status, READ – This register shows the input status of each of the auto reset input channels. A “1” indicates no fault; a “0” indicates a fault condition.  The FPS-AR inputs are on bits 0 – 7.

Fast Protect Latched Input Status, READ – This register shows the input status of each of the latched input channels. A “1” indicates no fault; a “0” indicates a fault condition.  The FPL inputs are on bits 8-15.

Mode Mask, READ – Mode Mask read back of mask in use.  This is set to 0xFF if a disagreement is seen when validating the RTDL MODE and comparing it to the EVENT mode received.

Validated MODE, READ – The mode used as an index to read the mode mask. 

Event Link Mode, READ – Mode read back received on event link.

RTDL Mode, READ – Lower 16 bits of mode read from RTDL Link.  Mode is encoded on the RTDL as follow:

lower 8 bits = MODE, upper 8 bits = ~MODE, middle 8 bits = MODE ^2-1

Cable connection status, READ – This register reads the status of each input connector.  A “1” indicates the input is connected to the MPS and associated input hardware.  Used as a status indication only, no action taken on value. 

FPS-AR status, READ – This register shows the status of each of the fast permit channels. A “1” indicates no fault or input is masked; a “0” indicates a fault condition. 

FPL Status, READ – This register shows the status of each of the latched permit channels. A “1” indicates no fault or the input is masked; a “0” indicates a fault condition. 

FPS-AR, FPL, Inlink Fault Counters, READ – These registers latch a counter when an input goes to the fault state.  The global counter is reset by reception of a CYCLE_START event.  The most significant bit of the 32 bits will be set to “1” if the input is in the fault state.  An MSB of “0” indicates the channel is still actively counting. 

FPARi

BASE + 0x60
Fast Permit Input Carrier

FPLi 

BASE + 0x64
Fast Permit Latched Input Carrier

EVLi 

BASE + 0x68
Event Link Input Carrier

RTDLi 
BASE + 0x6c
Real Time Data Link Input Carrier

The event link clock clocks all counters except the Event link.  The frequency of the event link clock is a parameter in an RTDL frame, and is used to calculate time stamps.  The PCI Bus clock, operating at a nominal 33 MHz, clocks the Event Link fault counter. 

Channel Enable, READ / WRITE – The channel enable register is set to zero on a power up condition.  During initialization, the channels are enabled.  This ensures that a board is configured properly before beam is allowed.  A “0xA5A5” enables an FPS-AR input and a 0x5A5A written to the corresponding FPL word enables the MPS board to function.  Input channel testing is also implemented through this bit as it enables the input optocoupler. All sixteen registers must be set before the board is enabled.  Alarms from EPICS could cause a PV to disable a channel. This allows turning off the MPS through EPICS for a variety of possible reasons. Addresses for each input channel are as follows:

	Input Channel
	Offset from BASE
	
	Input Channel
	Offset from BASE

	FPS1
	0x80
	
	FPSL1
	0x90

	FPS2
	0x82
	
	FPSL2
	0x92

	FPS3
	0x84
	
	FPSL3
	0x94

	FPS4
	0x86
	
	FPSL4
	0x96

	FPS5
	0x88
	
	FPSL5
	0x98

	FPS6
	0x8a
	
	FPSL6
	0x9a

	FPS7
	0x8c
	
	FPSL7
	0x9c

	FPS8
	0x8e
	
	FPSL8
	0x9e


Table 4.

Software Mask, READ / WRITE – This register contains the software mask in use. The software masks for each channel must be enabled using the software mask enable jumpers.  A 0x5aa5 indicates an FPS-AR channel is masked through software and an 0xa55a indicates a FPL channel is bypassed. The address’ are as follows:

	Input Channel
	Offset from BASE
	
	Input Channel
	Offset from BASE

	FPS1
	0xa0
	
	FPSL1
	0xb0

	FPS2
	0xa2
	
	FPSL2
	0xb2

	FPS3
	0xa4
	
	FPSL3
	0xb4

	FPS4
	0xa6
	
	FPSL4
	0xb6

	FPS5
	0xa8
	
	FPSL5
	0xb8

	FPS6
	0xaa
	
	FPSL6
	0xba

	FPS7
	0xac
	
	FPSL7
	0xbc

	FPS8
	0xae
	
	FPSL8
	0xbe


Table 5.

FPL Channel Reset, WRITE – Each latched channel requires a reset through software after a fault. The reset word is the CHANNEL_NUMBER + ~CHANNEL_NUMBER << 8.  The hardware resets this register to zero after a reset.

Heartbeat Register, WRITE – Writing the serial number of the board will reset the heartbeat counter.  If the counter gets to HEARTBEAT_TIME, a heartbeat fault is generated and both permit links are shut down.  The heartbeat enable jumper must be installed for the heartbeat to work.

Heartbeat Register Reset, WRITE – After an IOC reboot, the heartbeat register must be reset.  Writing (~SERIAL NUMBER) resets the register.  The hardware will reset this register to zero after a reset.

Mode Masks, READ / WRITE – The mode masks are 256-16 bit memory locations that contains a mask for a particular operating mode.  There is one buffer for the fast protect and one buffer for latched permit. The high order byte is the NOT of the low order byte. The mode is input to the board through the event link and the RTDL.  The event number that is latched from the event link and RTDL is ANDED is used as an index to the memory locations.  These masks are used for inhibiting inputs when they are not required for a given machine mode.  These registers are set during initialization and are read out periodically for system configuration verification.  The MODE_WRITE_ENABLE bit in the control register must be set to enable downloading of masks.  The MODE_WRITE_ENABLE registers must be reset for the output carrier links to be active.

Interrupt Control Registers

The interrupt register is set up automatically during the PCIAutoConfig routine.

PMC IO Connectors

There are two connectors associated with the PMC Module.  The front panel connector is a 68 pin shielded connector with alternating ground pins.  This is used for the high speed pulsed input links and the system inputs where noise could induce false trips.  Each PMC module is also connected to the VME P2 connector.  The PMC/PCI on the PPC and the first slot on the PMCspan PCI expansion module route additional IO signals to the “A” and “C” pins on the P2 connector.  The second PMC card on the PMCspan module routes these same signals to the “Z” and “D” pins on the VME64X P2 connector.  This allows three MPS systems to be run in an IOC, using one slot and the PPC slot.  If required, a second PMCspan could be added for five systems in an IOC, but this requirement is not anticipated.

J2/P2 VME - PCI BUS connections

	Primary MPS Board

	Row A
	Row B
	Row C

	P63
	FPS_J1
	in
	+5.0v
	P0
	FPS_Test_1
	out

	P62
	FPS_J2
	in
	Gnd
	P1
	FPS_Test_2
	out

	P61
	FPS_J3
	in
	 
	P2
	FPS_Test_3
	out

	P60
	FPS_J4
	in
	 
	P3
	FPS_Test_4
	out

	P59
	FPS_J5
	in
	 
	P4
	FPS_Test_5
	out

	P58
	FPS_J6
	in
	 
	P5
	FPS_Test_6
	out

	P57
	FPS_J7
	in
	 
	P6
	FPS_Test_7
	out

	P56
	FPS_J8
	in
	 
	P7
	FPS_Test_8
	out

	P55
	FPSL_J1
	in
	 
	P8
	FPSL_Test_1
	out

	P54
	FPSL_J2
	in
	 
	P9
	FPSL_Test_2
	out

	P53
	FPSL_J3
	in
	 
	P10
	FPSL_Test_3
	out

	P52
	FPSL_J4
	in
	+5.0v
	P11
	FPSL_Test_4
	out

	P51
	FPSL_J5
	in
	Gnd
	P12
	FPSL_Test_5
	out

	P50
	FPSL_J6
	in
	 
	P13
	FPSL_Test_6
	out

	P49
	FPSL_J7
	in
	 
	P14
	FPSL_Test_7
	out

	P48
	FPSL_J8
	in
	 
	P15
	FPSL_Test_8
	out

	P47
	Cable stat IN
	in
	 
	P16
	Link Status OUT
	out

	P46
	PLC Card Bypass
	in
	 
	P17
	Chan stat OUT
	out

	P45
	IOC_HB jmp
	in
	 
	P18
	Clock
	out

	P44
	sp4
	in
	 
	P19
	Dir
	out

	P43
	sp3
	in
	 
	P20
	MM Out
	out

	P42
	sp2
	in
	Gnd
	P21
	SW Mask
	out

	P41
	sp1
	in
	 
	P22
	sp5
	out

	P40
	debug1
	in
	 
	P23
	debug10
	out

	P39
	debug2
	in
	 
	P24
	debug11
	out

	P38
	debug3
	in
	 
	P25
	debug12
	out

	P37
	debug4
	in
	 
	P26
	debug13
	out

	P36
	debug5
	in
	 
	P27
	debug14
	out

	P35
	debug6
	in
	 
	P28
	debug15
	out

	P34
	debug7
	in
	 
	P29
	debug16
	out

	P33
	debug8
	in
	+5.0v
	P30
	debug17
	out

	P32
	debug9
	in
	Gnd
	P31
	debug18
	out


Table 6. P2 – J2 pinout for primary MPS chassis

	Secondary MPS Brd
	Secondary MPS Brd

	Row  Z
	Row D

	1
	P63
	FPS_J1
	in
	P0
	FPS_Test_1
	 
	1

	2
	 
	Gnd
	 
	P1
	FPS_Test_2
	 
	2

	3
	P2
	FPS_Test_3
	 
	P62
	FPS_J2
	 
	3

	4
	 
	Gnd
	 
	P61
	FPS_J3
	 
	4

	5
	P60
	FPS_J4
	 
	P3
	FPS_Test_4
	 
	5

	6
	 
	Gnd
	 
	P4
	FPS_Test_5
	 
	6

	7
	P5
	FPS_Test_6
	 
	P59
	FPS_J5
	 
	7

	8
	 
	Gnd
	 
	P58
	FPS_J6
	 
	8

	9
	P57
	FPS_J7
	 
	P6
	FPS_Test_7
	 
	9

	10
	 
	Gnd
	 
	P7
	FPS_Test_8
	 
	10

	11
	P8
	FPSL_Test_1
	 
	P56
	FPS_J8
	 
	11

	12
	 
	Gnd
	 
	P55
	FPSL_J1
	 
	12

	13
	P54
	FPSL_J2
	 
	P9
	FPSL_Test_2
	 
	13

	14
	 
	Gnd
	 
	P10
	FPSL_Test_3
	 
	14

	15
	P11
	FPSL_Test_4
	 
	P53
	FPSL_J3
	 
	15

	16
	 
	Gnd
	 
	P52
	FPSL_J4
	 
	16

	17
	P51
	FPSL_J5
	 
	P12
	FPSL_Test_5
	 
	17

	18
	 
	Gnd
	 
	P13
	FPSL_Test_6
	 
	18

	19
	P14
	FPSL_Test_7
	 
	P50
	FPSL_J6
	 
	19

	20
	 
	Gnd
	 
	P49
	FPSL_J7
	 
	20

	21
	P48
	FPSL_J8
	 
	P15
	FPSL_Test_8
	 
	21

	22
	 
	Gnd
	 
	P16
	Link Status OUT
	 
	22

	23
	P17
	Chan stat OUT
	 
	P47
	FPSL_J8
	 
	23

	24
	 
	Gnd
	 
	P46
	Cable stat IN
	 
	24

	25
	P45
	IOC_HB jmp
	 
	P18
	Clock
	 
	25

	26
	 
	Gnd
	 
	P19
	Dir
	 
	26

	27
	P20
	MM Out
	 
	P44
	sp4
	 
	27

	28
	 
	Gnd
	 
	P43
	sp3
	 
	28

	29
	P42
	sp2
	 
	P21
	SW Mask
	 
	29

	30
	 
	Gnd
	 
	P22
	sp5
	 
	30

	31
	P41
	sp1
	 
	 
	GND
	 
	31

	32
	 
	Gnd
	 
	 
	No Connect
	 
	32


Table 7. P2 – J2 pinout for MPS secondary chassis

NOTE: Fail-safe inputs and outputs are positive true signals indicating input or output good. Fail-safe pulse outputs are negative true signals, switching to ground indicates a pulse output. In either case a cable break or connector failure has the same effect as a signal fault.

CARRIER_LINK signal Connections

	PMC Front panel 68 pin SCSI Connector

	User IO
	 
	 
	 
	 
	 
	User IO
	 
	 
	 
	 
	 

	 
	1
	Event_link
	in
	35
	gnd
	P80
	18
	
	In
	52
	gnd

	P64
	2
	LATCHED_PERMIT_1
	In
	36
	gnd
	P81
	19
	LATCHED_PERMIT_IN+
	In
	53
	gnd

	P65
	3
	LATCHED_PERMIT_2
	In
	37
	gnd
	P82
	20
	
	In
	54
	gnd

	P66
	4
	LATCHED_PERMIT_3
	In
	38
	gnd
	P83
	21
	FAST_PROTECT_IN+
	In
	55
	gnd

	P67
	5
	LATCHED_PERMIT_4
	In
	39
	gnd
	P84
	22
	
	In
	56
	gnd

	P68
	6
	LATCHED_PERMIT_5
	In
	40
	gnd
	P85
	23
	
	In
	57
	gnd

	P69
	7
	LATCHED_PERMIT_6
	In
	41
	gnd
	P86
	24
	
	In
	58
	gnd

	P70
	8
	LATCHED_PERMIT_7
	In
	42
	gnd
	P87
	25
	
	In
	59
	gnd

	P71
	9
	LATCHED_PERMIT_8
	In
	43
	gnd
	P88
	26
	Beam Permit Out
	out
	60
	gnd

	P72
	10
	Fast_Protect_1
	In
	44
	gnd
	P89
	27
	Fast Permit Out
	out
	61
	gnd

	P73
	11
	Fast_Protect_2
	In
	45
	gnd
	P90
	28
	BPS_STAT
	out
	62
	gnd

	P74
	12
	Fast_Protect_3
	In
	46
	gnd
	P91
	29
	Mode bit0
	out
	63
	gnd

	P75
	13
	Fast_Protect_4
	In
	47
	gnd
	P92
	30
	Mode bit1
	out
	64
	gnd

	P76
	14
	Fast_Protect_5
	In
	48
	gnd
	P93
	31
	Mode bit2
	out
	65
	gnd

	P77
	15
	Fast_Protect_6
	In
	49
	gnd
	P94
	32
	Mode bit3
	out
	66
	gnd

	P78
	16
	Fast_Protect_7
	In
	50
	gnd
	P95
	33
	Mode bit4
	out
	67
	gnd

	P79
	17
	Fast_Protect_8
	In
	51
	gnd
	 
	34
	rtdl in
	out
	68
	gnd


Table 8. Front panel 68 pin SCSI pinout, all MPS modules.

MPS Transition module


The transition module is a passive module used to route the signals on the P2 connector to two 68 pin SCSI connectors. The signals are routed to provide identical pinouts as seen by the MPS IO chassis.  The transition module also picks up the 5 volts and ground from the VME back plane to provide power to the MPS IO chassis.
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Figure 4. Transition module layout

	PMC Slot 1
	PMC Slot2
	Debug

	P2
	SCSI
	P2
	SCSI
	P2
	SCSI
	P2
	SCSI
	25 Pin D

	C1
	1
	A1
	35
	D1
	1
	Z1
	35
	1
	C25

	C2
	2
	A2
	36
	D2
	2
	D3
	36
	2
	C26

	C3
	3
	A3
	37
	Z3
	3
	D4
	37
	3
	C27

	C4
	4
	A4
	38
	D5
	4
	Z5
	38
	4
	C28

	C5
	5
	A5
	39
	D6
	5
	D7
	39
	5
	C29

	C6
	6
	A6
	40
	Z7
	6
	D8
	40
	6
	C30

	C7
	7
	A7
	41
	D9
	7
	Z9
	41
	7
	C31

	C8
	8
	A8
	42
	D10
	8
	D11
	42
	8
	C32

	C9
	9
	A9
	43
	Z11
	9
	D12
	43
	9
	A23

	C10
	10
	A10
	44
	D13
	10
	Z13
	44
	10
	A24

	C11
	11
	A11
	45
	D14
	11
	D15
	45
	11
	A25

	C12
	12
	A12
	46
	Z15
	12
	D16
	46
	12
	A26

	C13
	13
	A13
	47
	D17
	13
	Z17
	47
	13
	A27

	C14
	14
	A14
	48
	D18
	14
	D19
	48
	14
	A28

	C15
	15
	A15
	49
	Z19
	15
	D20
	49
	15
	A29

	C16
	16
	A16
	50
	D21
	16
	Z21
	50
	16
	A30

	C17
	17
	A17
	51
	D22
	17
	D23
	51
	17
	A31

	C18
	18
	A18
	52
	Z23
	18
	D24
	52
	18
	A32

	C19
	19
	A19
	53
	D25
	19
	Z25
	53
	19
	B2

	C20
	20
	A20
	54
	D26
	20
	D27
	54
	20
	B1

	C21
	21
	A21
	55
	Z27
	21
	D28
	55
	21
	B12

	C22
	22
	A22
	56
	D29
	22
	Z29
	56
	22
	B13

	C23
	23
	B2
	57
	D30
	23
	B2
	57
	23
	B31

	C24
	24
	B1
	58
	Z31
	24
	B1
	58
	24
	B32

	B12
	25
	B12
	59
	B12
	25
	B12
	59
	25
	B2

	B13
	26
	B13
	60
	B13
	26
	B13
	60
	 
	 

	B12
	27
	B31
	61
	B12
	27
	B31
	61
	 
	 

	B13
	28
	B32
	62
	B13
	28
	B32
	62
	 
	 

	B12
	29
	B2
	63
	B12
	29
	B2
	63
	 
	 

	B13
	30
	B1
	64
	B13
	30
	B1
	64
	 
	 

	B12
	31
	B12
	65
	B12
	31
	B12
	65
	 
	 

	B13
	32
	B13
	66
	B13
	32
	B13
	66
	 
	 

	B12
	33
	B31
	67
	B12
	33
	B31
	67
	 
	 

	B13
	34
	B32
	68
	B13
	34
	B32
	68
	 
	 


Table 9. VME Transition Module pinout.

SNS-MPS Input chassis 
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Figure 5. MPS chassis front panel.

1. Event Link, RTDL inputs

2. MPS Carrier Link Inputs

3. MPS Carrier Link, buffered outputs

4. MPS Carrier Links, interlocked outputs

5. Input status display

6. Carrier Link Status

7. Machine Mode display

8. Fast Protect Auto Reset inputs

9. 68 pin SCSI to PMC Front Panel

10. TTL FPS-AR output status (Dual LEMO)

11. TTL FPS-AR output status (Dual LEMO)

12. 68 pin SCSI to transition module

13. Fast Protect latched inputs
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Figure 6. MPS chassis PCB Layout

Jumper description:

  The jumpers are located on the MPS interface chassis.

J1 – Software Mask Enable (8-FPS, 8 FPSL)  - Jumper installed grounds input, allowing software to mask an output.  Pin is pulled high through 10K resistor.  

J2 – IOC Heartbeat Enable

J3 – PLC bypass

INPUT - OUTPUT Signal Description

All inputs to the SNS-MPS-PMC board and outputs from the SNS-MPS-PMC board are through the P2/J2 connector and the 68 pin SCSI connector on the front of the PMC module.  The SNS Machine protection system module input/output signal characteristics are: 

Eight (8) positive true, fail-safe latched permit inputs. Driver must provide a TTL level into an HPCL-2612 optocoupler. Permit inputs may be activated/deactivated by VMEbus command when jumper configuration allows, and may be masked during operation by event code commands. 

Eight (8) positive true, fail-safe fast protect inputs. Driver must provide a TTL level into an HPCL-2612 optocoupler. Permit inputs may be activated/deactivated by VMEbus command, and may be masked during operation by event code commands. 

One (1) 8 MHz carrier input, on-off modulation; FPL. Driver must drive differential TTL line. Input is transformer coupled for galvanic isolation, and terminated in 100 ohms, the cables characteristic impedance. Connecting cable is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS transition module. This link is point-to-point, not party line. The actual frequency of the carrier is the Ring revolution frequency * 16 / 2. 

One (1) 3 MHz carrier input, on-off modulation; fast protect link. Driver must drive differential TTL line. Input is transformer coupled for galvanic isolation, and terminated in 100 ohms, the cables characteristic impedance. Connecting cable is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS transition module. This link is point-to-point, not party line. The actual frequency of the carrier is the Ring revolution frequency * 16 / 6. 

One (1) 16 MHz carrier, bi-phase-mark modulated input event link. Driver must drive differential TTL line. Input is transformer coupled for galvanic isolation, and terminated in 100 ohms. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module. These links are point-to-point, not party line. . The actual frequency of the carrier is the Ring revolution frequency * 16. 

One (1) 10 MHz carrier, bi-phase-mark modulated input Real Time Data Link. Driver must drive differential TTL line. Input is transformer coupled for galvanic isolation, and terminated in 100 ohms. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module. These links are point-to-point, not party line.

One (1) positive true, fail-safe PLC card bypass. PLC provides a set of normally open contacts, closed to bypass the SNS-MPS card.  The input will be pulled to +5 volts through a 10KΩ resistor.  The contacts will pull the input low to bypass the card.

One (1) 8 MHz carrier output, on-off modulation; FPL. Driver output is differential TTL.  Driver expects transformer isolation, and 100 ohm termination at receiver. Driver expects a single receiver, not a party line. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module.

One (1) 3 MHz carrier output, on-off modulation; fast protect link. Driver output is differential TTL.  Driver expects transformer isolation, and 100 ohm termination at receiver. Driver expects a single receiver, not a party line. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module.

One (1) 8 MHz carrier buffered output; FPL. Driver output is differential TTL.  Driver expects transformer isolation, and 100 ohm termination at receiver. Driver expects a single receiver, not a party line. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module.

One (1) 3 MHz carrier buffered output; fast protect link. Driver output is differential TTL.  Driver expects transformer isolation, and 100 ohm termination at receiver. Driver expects a single receiver, not a party line. Connecting wire is shielded twisted pair, with shield connected to VME chassis ground at SNS-MPS module.

Two (2) positive true, fail-safe, level output, local latched permit status. Driver provides a minimum pulse amplitude of 3.0 volts into 50 ohms termination. The permit output is at GROUND level on initialization. The local permit level will rise to 3.0 volts after the PERMIT_LINK has been established. After initialization, the local permit level will fall to GROUND to indicate a permit system failure. 

Two (2) positive true, fail-safe, level output, local fast protect status. Driver provides minimum pulse amplitude of 3.0 volts into 50 ohms termination. 

The permit output is at GROUND level on initialization. The local permit level will rise to 3.0 volts after the PERMIT_LINK has been established. After initialization, the local permit level will fall to GROUND to indicate a permit system failure. 

One (1) positive true, fail-safe, level output, EVENT_LINK input status. Driver provides minimum pulse amplitude of 3.0 volts into 50 ohms termination. The permit output is at GROUND level on initialization. The input status will rise to 3.0 volts after the EVENT_LINK has been established. After initialization, the local permit level will fall to GROUND to indicate a permit system failure. 

Input Signal Block

The input signals for MPS are terminated in a WAGO block, 50 pin terminator.  The signals are then routed via a 50 pin D-type connector to the MPS input chassis.
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Figure 7. WAGO Input Block

	50 pin WAGO - Dtype pinout

	FPS1+
	1
	FPS3+
	14
	FPS5+
	27
	FPS7+
	39

	FPS1-
	2
	FPS3-
	15
	FPS5-
	28
	FPS7-
	40

	FPSC1
	3
	FPSC3
	16
	FPSC5
	29
	FPSC7
	41

	GND
	4
	GND
	17
	GND
	30
	GND
	42

	FPSC1
	5
	FPSC3
	18
	FPSC5
	31
	FPSC7
	43

	
	
	
	
	
	
	
	

	FPS2+
	8
	FPS4+
	22
	FPS6+
	34
	FPS8+
	46

	FPS2-
	9
	FPS4-
	23
	FPS6-
	35
	FPS8-
	47

	FPSC2
	10
	FPSC4
	24
	FPSC6
	36
	FPSC8
	48

	GND
	11
	GND
	25
	GND
	37
	GND
	49

	FPSC2
	12
	FPSC4
	26
	FPSC6
	38
	FPSC8
	50


Table 10. 50 Pin Dsub connector (Both 50 pin inputs have the same pinout)

FPSn+ positive input to optocoupler

FPSn- Current return

FPSCn Cable connection check, shorted inside inputs chassis

GND Shield input
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Figure 8. MPS input signal schematic

MPS IO chassis indicators

The SNS-MPS Permit System Chassis panel indicators are: 

MODE




SNS machine mode (6 LED’s)

EVENT LINK



SNS timeline carrier detected

RTDL LINK



SNS real time data link carrier detected

FAST PERMIT LINK

Fast permit link input carrier detected

FPL




FPL input carrier detected

FPS-AR 1-8



Fast protect input status

FPL 1-8



Latched permit input status

FPS_cable 1-8



Fast protect cable connection status

FPL_cable 1-8


Latched permit cable connection status

FPS_enable 1-8


Fast protect test / enable

FPL_enable 1-8


Latched permit test / enable

OFFLINE

   
      
SNS-MPS module is non-functional

FPS-AR FAULT


Fast Protect Fault

FPL FAULT


Beam Protect Fault

IOC Heartbeat



Heartbeat status

SNS-MPS-VME board Installation

1. Install jumpers as appropriate.

2. Install module in the VME chassis.

3. Connect LATCHED_PERMIT_LINK upstream/downstream cables 

4. Connect FAST_PERMIT_LINK upstream/downstream cables 

5. Connect EVENT_LINK cable. 

6. Connect the Transition Module. 

7. Connect all fast input signals and latched permit input signals

Software

Initialization

· Check configuration registers and initialize if required

· Disable MPS Outputs

· Enable MPS Mask register writes

· Download Board specific mode masks

· Verify Masks

· Set default software masks

· Disable mode mask writes

· Enable MPS outputs

Interrupts (60 Hz) Detection of RTDL Data Valid Event

· Read and Verify masks

· Read and verify modes

· Read cable connection status

· Read jumper status

Interrupts (60 Hz) Detection of Cycle Start Event

· Read FPS-AR counters

· Read FPL counters

· Read Fault counters

· Read Status

· “Touch” IOC heartbeat register

· Inhibit beam if required for “Chatter Faults”, N trips in M seconds, etc

Standard EPICS IO (Synchronize with interrupts above?)

· Set / reset software masks

· Set IOC heartbeat time register as required

· Enable / Disable MPS channels from Channel Access requests

· Send Latched input reset signals

MPS

Machine Protection System

FPS

Fast Protect System

FPL

Fast Protect System, Latched

FPS-AR
Fast Protect System, Auto Reset

PPS

Personnel Protection System

RTDL

Real Time Data Link

IOC 

Input Output Controller

PMC

PCI Mezzanine Card
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