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0 Introduction

This note describes the usage and assignment of the PIDs (Programmable I/O Descretes) on the RAD750. The goals are two fold

1. Create a document that keeps track of how the 32 PIDs are used

2. Serve as a basis for routing these signals from their source onto the backplane so that they reach pin corresponding to the appropriate PID on the RAD750 board.

1 Summary of the Signals

The following two tables enumerate the input and output signals serviced by the PIDs. The column labeled PID CONFIGURATION how the PID will be configured. This can be as an input or output or as a level or a pulse. In addition, the input signals can be used to generate an interrupt to the CPU.

Table 1
PID Input Signals

	INPUT SIGNAL
	PID CONFIGURATION
	COUNT

	GBM Interrupt
	Interrupt
	2 (Primary and Redundant)

	SIB PCI Interrupt
	Interrupt
	1

	SIB Alternate Interrupt
	Interrupt
	1

	LCB PCI Interrupt
	Interrupt
	1

	LCB Alternate Interrupt
	Interrupt
	1

	Clocks
	Pulse, Interrupt
	61

	Spare Inputs (from S/C)
	Level
	32

	Total
	
	14


12 of the 6 Clock PIDs are the Primary and Redundant 1 PPS signals. Two PIDs are being reserved for the CLOCK CLEAR function, but currently there is no way to distribute this signal.

2The use of the spare inputs from the S/C is complicated. See the explanatory section for these PIDS.

Table 2
PID Output SIgnals

	OUTPUT SIGNAL
	PID CONFIGURATION
	COUNT

	Clock Enable
	Level
	1

	GASU Spare
	Level
	2

	S/C Primary/Redundant Selection
	Level
	1

	S/C Outputs - Boot Status
	Level
	2

	Total
	
	5


2 RAD750 PID Assignments

The section makes the association between a RAD750 PID and its logical function within the LAT. This assignment involves two steps, making the association and deciding on the routing of the signal on the PCI backplane. This note only deals with the former. The hope is that once the PID and its logical function are identified, the correct source and destination of the signal will be obvious to the engineer doing the backplane routing.

Table 3
PID Assignments

	PID #
	RAD750 Usage
	LAT Usage

	
	
	Input
	Output

	31
	Vector Interrupt 5
	
	

	30
	Vector Interrupt 4
	
	

	29
	PCI Interrupt D + 
Vector Interrupt 3
	
	

	28
	PCI Interrupt C +
Vector Interrupt 2
	
	

	27
	Vector Interrupt 1
	
	

	26
	Vector Interrupt 0
	
	

	25
	
	SC Spare Input 2
	

	24
	
	SC Spare Input 1
	

	23
	
	SC Spare Input 0
	

	22
	
	GBM Interrupt(R)
	

	21
	
	GBM Interrupt(P)
	

	20
	AUX PCI ENUM #
	
	

	19
	AUX PCI FAL #
	
	

	18
	AUX PCI DEG #
	
	

	17
	PCI B
	SIB PCI Interrupt1
	

	16
	PCI A
	LCB PCI Interrupt1
	

	15
	
	
	GASU Spare (R)

	14
	
	Clock Enable
	

	13
	PTIM3 Clear
	Reserved for future use
	

	12
	PTIM3 Snapshot
	1 PPS (R)
	

	11
	PTIM3 Clock
	SYS CLOCK/2
	

	10
	PTIM2 Clear
	Reserve for future use
	

	9
	PTIM2 Snapshot
	1 PPS (P)
	

	8
	PTIM2 Clock
	SYS CLOCK/2
	

	7
	PTIM1 Clear
	
	S/C Primary Redundant Selection

	6
	PTIM1 Snapshot
	
	S/C Output 1 - Boot Status 1

	5
	PTIM1 Clock
	
	S/C Output 0 - Boot Status 0

	4
	WatchDog Heartbeat, 
	
	

	3
	WatchDog Expired
	
	

	2
	PTIM3 Output
	LCB Alternate Interrupt
	

	1
	PTIM2 Output
	SIB Alternate Interrupt
	

	0
	PTIM1 Output
	
	GASU Spare (P)


1 These assignments are only notational. The PCI slots that the LCB or the SIB boards are plugged into will ultimately determine which PCI interrupt is used. That is, the LCB and SIB may use any of PCI interrupts (A,B,C or D) depending on the PCI slot assignment. As far as routing considerations, there are none. The PCI backplane should already be configured to bus the 4 PCI interrupts to the appropriate pins on the PCI backplane. According to BAE, these signals are then received from the backplane and routed to the appropriate PID.

2.0 Conventions & Caveats

BAE RAD750 3U board already makes use of some of the PIDs. Some of these assignments are dedicated, such as the PCI interrupt assignments. These PIDs are indicated by having their boxes shaded in dark gray. 

Other RAD750 PID usages are optional, such as configuring PIDs 0-2 to output clock timer signals. While one may use the PIDs for this functionality, they can be configured for other purposes if that functionality is not needed. These PIDs are shaded in medium gray. The 2 WATCHDOG signals, PIDS #3 and #4, fall into this latter category; they could be used for other purposes, but the preliminary decision is stay away from them in case it is determined at a later time these signals are needed. 

PIDs that the LAT reserves for future use are indicated in light gray. The two CLOCK CLEARs PID #10 & #13) are examples of this category of PIDs. These two PIDs should be bussed as PIDs receiving an input level. 

2.1 Information Source Reference

The source of this information on the RAD750 PIDs is from 2 tables

1. Hardware User's Manual, BAE Document 234A533 Page 73, Table 16

2. Hardware User's Manual Appendix, BAE Document 234A533, Page 137-138, Table 22

2.2 Noteworthy Cases

There is one bizarre case, PIDs 28 & 29 seem to have two dedicated functions; one as PCI Interrupt C & D, the other as EMC (Embedded MicroController) Vector Interrupts 2 & 3.

The software will use PTIM1 to generate a 'fake GPS' signal when a real GPS is not available. The use of PTIM1 is purely an internal function, leaving these PIDs available for either other input or output uses.

2.3 Assignment Strategy

In making the PID assignments the following strategy was used

· Avoid BAE reserved PIDs, that is #16-20, #26-31

· Where a dedicated function was needed, use that PID, eg PTIM2 8-10 & PTIM3 11-13

· Used non BAE reserved PIDs, #14-15, #22-25

· Use BAE potentially reserved PIDs where no conflict can arise, #0-3, #5-6

2.4 Software Portability Considerations

Software portability issues are important because the flight software is developed and run on a variety of platforms. Since the PIDs are only available on the RAD750, this raises the question of what to do on the other platforms. For the most part the emulation of the PIDs does not have to be perfect. One can live with reduced a functionality/performance emulation. In some cases, all that is needed is that the software gracefully ignores the absence of the PID information.

Portability and emulation is a more important issue on the PID inputs. On the PID outputs, there are two classes;

· Ones destined for the S/C

· Ones destined for internal LAT usage. 

Emulating the first class in non-RAD750 environments may not be important. Here one needs at least a SIIS to receive them. Once you have committed to having a SIIS, you might as well commit to having a RAD750. Emulating the second class of outputs, i.e. those destined for internal LAT usage, is likely more important.

Thinking about the portability at a higher level, i.e. how can one solve the problem in general? There are two solutions

1. Support only RAD750 in sophisticated testing

2. Build a VME PID emulation board

This is clearly a trade of up-front money, the cost of the engineering RAD750 boards, vs. the cost of building the VME emulators and writing the software to support them. If only a couple of such teststands are needed, then buying the RAD750s is the correct solution. However, if one must support many such teststands, the economics may justify the engineering costs.

The working decision is to support only the RAD750 in sophisticated testing and attempt to emulate the functionality provided by the missing PIDs or learn to operate without that the missing functionality.

3 Description Of the Signals

3.0 Inputs

3.0.0 GBM Interrupt, Primary and Redundant

This is routed directly to the PID from the distribution point on the GASU. It is then routed directly into one of the PIDs that will be configured as an interrupting input.

Non-RAD750 boards would have to support this capability in some other way. Given the nebulous and, at least, in a testing environment, the rather loose time constraints on this signal, the guess is that the GBM interrupt signal can be emulated in some way that is good enough for testing purposes.

3.0.1 SIB PCI Interrupt and SIB Alternate Interrupt

The SIB PCI Interrupt is received in a natural fashion as one of the PCI interrupts. Given the lower interrupt rate compared to the LCB interrupt rate, the efficiency trick of using an alternate interrupt (see the LCB section for a description of this)  is likely not necessary. Nevertheless, a PID has been reserved for the SIB PCI Alternate Interrupt, but the SIB board is under no obligation to use it. This is essentially just risk mitigation.

By using a regular PCI interrupt, there are no portability issues, at least as long as different PCI crates don't route the interrupts to different PCI pins.

3.0.2 LCB PCI Interrupt and LCB Alternate Interrupt

This interrupt signals the LCB that it has work to do. It is proposed that the LCB provides two mappings. The first is into the normal PCI interrupt. All CPU boards would recognize this interrupt. It has the downside that once the PCI interrupt fires, the software must do a PCI interrupt acknowledge cycle. This is fairly expensive, since this would involve operations to PCI configuration space. The statement is that VxWorks access to PCI configuration space is "klunky".

To mitigate this slow access, available only on the RAD750, the LCB interrupt would be also be mapped directly into one of the PIDs. The LCB would have a configuration bit indicating which of these two mappings to use. Clearly in non-RAD750 configurations one would select the PCI interrupt. In RAD750 configurations, the dedicated PID mapping would be used, picking up some efficiency in the interrupt handling.

3.0.2.0 Complexity Concerns

Some concern has been expressed that this scheme complicates testing. The issue is whether the increased efficiency is worth the complication. Using the LCB FIFO directly mapped into a PID is actually the easier driver to write. In this configuration, the interrupt signal comes and goes naturally. When the FIFO is not empty it is high (generating an interrupt if the interrupt is enabled), and not generating an interrupt as soon as the FIFO is drained. So there is at least something going in the right direction, the real driver is actually the simpler of the two. Of course, the counter argument is (quite rightly), 'simpler, not simpler, the fact remains they are different'.

3.0.3 Clock PIDS, Primary and Redundant

Nine of the PIDs can be configured to handle 3 timers, PTIM1, PTIM2, and PTIM3. Each of these three timers use three PIDs to service the following signals:

1. External Clock

2. Snapshot Trigger

3. External Clear

FSW would use 2 of the 3 timers. Note that the third timer, PTIM1 has been reserved by the software to act as a "fake" GPS signal. This is a purely internal function, leaving the PIDs associated with that timer available for other uses. The next three sections detail how FSW plans on driving and using these signals.

3.0.3.0 External Clock

The LAT system clock will drive this input. Unfortunately, this input cannot be driven at the full 20MHz of the LAT system clock. The documentation states

“The System Clock is used to oversample the PID, thus the System Clock must be at least twice the frequency of the PID”

Here the System Clock means the 33MHz PCI clock. The maximum input frequency is thus 16.5MHz. With a 20MHz LAT clock, this would have to be stepped down to 10MHz. Even with this limitation, 100nsec synchronization is still very good.

Non-RAD750 boards would emulate this behavior using onboard clocks. This works okay in single CPU systems, but becomes difficult to impossible in multi-CPU systems.

3.0.3.1 Snapshot Trigger = 1PPS

This signal strobes the value of the counter counting the External Clock into a register. The obvious use is to identify this signal as the 1 PPS signal, thus providing the same functionality as the 1 PPS does on the GEM board, giving a snapshot of the External Clock counter at the time of 1 PPS delivery.

3.0.3.2 External Clear

This signal clears the counter. If this signal could be broadcast to all CPUs, this acts as a synchronization device.

Unfortunately the connector that would carry the necessary 2 signals; one to drive the CLEAR, which would go from the CPU crate to the GASU and, another, fanned back out from the GASU to CPU crates to receive the CLEAR is full; i.e. there is no connectivity to move this signal. The (reserved) entry in the LAT input usage column for PIDS 10 and 13 is meant to suggest that these two PID's remain available if, by some miracle, the right connectivity can be conjured up.

3.0.3.2.1 Alternate Synchronization Scheme

There is a software method of emulating the synchronization function. Since the 1PPS signal latches the timer, one CPU (the obvious candidate is the SIU) will send a message with the GPS time and the current counter reading. The other CPUs create a list of GPS times and counter readings. When the message arrives these other CPUS, the corresponding GPS record is located and the difference from their counter reading and that in the message is calculated. Note that this synchronization is not a real-time calculation; it is simply a matching of a GPS message and counter time from one CPU with the equivalent GPS message and counter time from another CPU. This greatly simplifies the implementation since latency effects do not have to be taken into account

3.0.4 S/C Spare Inputs

There are 3 discrete lines coming from the S/C. These have no dedicated software meaning at this point, although that at least one maybe spoken for to use in selecting the power configuration.  The idea is that the S/C will have the ability to set these inputs via ground commands. From a software standpoint, we will always record the state of these bits. The interpretation is then whatever the LAT chooses i.e. this is 'get-of-jail' card to be played if we need it. 

Given the unspecified nature of these lines and (likely the lack of any timeliness/latency considerations, non-RAD750 environments could emulate these lines in software, e.g. via an Ethernet or 1553 message.

3.0.4.0 S/C Complications

These 3 discrete lines are actually one of the two sets that come from the S/C. It was felt that it is too expensive in terms of PID usage to connect all 6 signals to individual PIDs. The decision was made to map only one set of 3 directly to the PIDs and use another PID (the S/C Primary/Redundant Selection, PID #7, see section 3.1.1) to control which set is used. This cuts the number of PIDs needed from 6 to 4 (the set of 3 plus the selection PID). 
3.1 Outputs

3.1.0 Clock Enable

Each LCB board has a 40MHz oscillator that can be used as the global system clock. The CLOCK ENABLE enables the system clock to the CRU board. Only one such oscillator can be enabled, so it is critical that the only one LCB has its clock enabled. It may be also be important that the PID controlling this state come up in the disabled state. 

This function must be done in non-RAD750 environments. Currently there is no software selectable way to do this. A possible solution is to skip this configuration step and do it in hardwire, i.e. the system clock in non-RAD750 environments is just 'plugged in'.

3.1.1 S/C Primary/Redundant Selection

The Spacecraft bundles the SSR, 1 PPS, and the Spacecraft Input/Output Discretes (to and from the LAT) as a group. They are two sets of these, a Primary and a Redundant set. This bit controls the source of the "Spare Inputs 0-2" on PIDs 23-25 and the destinations for Spacecraft Outputs 0-1 on PIDs 5-6. The selection can be either the Spacecraft Primary or Redundant set. (See section 3.0.4.0 for additional information in this area.)

3.1.1.0 Possible Confusion - 1 PPS and GBM Interrupt

As is usual in the world of redundancy some explanation is needed. In an attempt to be perfectly clear, the two 1 PPS signals that come to SIU crates are not the actual S/C primary and redundant signals. These two 1 PPS signals coming into the SIU crates are the 1 PPS signals from the primary and redundant GASUs. So, while the bit indicating which Spacecraft set (primary or redundant) to use is common for all these signals, this information must be used in a consistent fashion by the SIU to 

· Command the GASU to select the chosen Spacecraft 1 PPS signals

· Command the GASU to select the chosen Spacecraft SSR interface

· Set the PID used by logic in the SIU crate in selecting which set of Spacecraft inputs/outputs to receive from/transmit on

3.1.2 S/C Spare Outputs (2)

This is the equivalent 'get-of-jail' free card for the OUTIES. The boot process would like to use these as a cheap 2-bit progress status counter during the boot process when no other output is available, that is prior to 1553 configuration.

These would not be available in non-RAD750 environments and would only be useful on the SIUs.
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