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Introduction

BiRa 404A Timing modules will be used on NSTX with EPICS.  This document will describe their use.  The 404A will be supported using :

1) Standard EPICS records (MBBO, BO, CALCOUT,SUB, LO, AO)

2) Standard EPICS extensions (medm, gdct, ss_arch, restore)

3) New C code for SUBroutine record (ce_404init, ce_404proc)

· The 404A can be set and read interactively, or in an event-driven manner (automatic during shot cycle).

· No user-error processing is active at this time.  Times may be clamped to the closest reasonable value if they are too large in the negative direction.

Database Configuration

404 Configuration 

Figure 1 shows a GDCT layout of a 404A configuration record group.  There is one group needed per Timing Channel.  The record naming convention will be,  for example “ch_c8n6ch8_404code_LO”.    Figure 2 shows the records’ individual fields.  Figure 3 shows a typical medm page for timing module setup.  A detailed explanation of the rules used in configuring the timing channel are in the next section, Configuration Guidelines.

· A bug in database configuration tool GDCT will cause an incorrect link between the dly_LO’s DOL field and the SUB’s K field.  Use the Examine feature of GDCT to manually change the dly_LO’s DOL field from .VAL to .K   .

· A similar problem exists for the SUB’s L field to code_LO DOL field.

· All input links to the SUB record are not essential.  They are present to cover anticipated applications of the timing module.

· The SUB’s fields should be linked to the records exactly as shown on figure 1, except :

· Not all input links are required.  For example,  if the timing pulse output will always occur at T(0),  no input links are needed since this is the SUB record’s default value.

· Only the reltime link to INPA is needed if the reltime is always to be referenced to T(0).

· If the 404 record is in an IOC that is different from the links,  then the NPP must be replaced with CA.

404 Control

Figure 1 shows a record used to set the timing module channel.  Standard medm widgets can be used to actuate these records.  Using EPICS database linking methods,  these records can be processed automatically,  for example,  from an EPICS event.   Figure 2 shows the records’ individual fields. Figure 3 shows a typical medm page for digitizer control.

404 Status

Each 404 channel can have its own record to contain units, scale factors,  etc ...  Although this is not shown,  a CALC record or two should be suffice to decipher the 404’s present setup. This is not done by the 404 subroutine.  For example,  and MBBI record can be used with the CAMAC F1 code to display the present code.  A CALC record can be used with a link from a CAMAC LongIn record to read and decipher the data from a CAMAC F2 command.

404 Configuration Guidelines 

Depending upon the desired use of the 404 the application programmer will configure the record differently. The selections are described below.

User Selections

3.1  Event Code Synchronization Mode 

There are three synchronization modes presently defined. Note that a database link can make the mode alterable during runtime. If only the NSTX Sync mode is required,  then the link to the SUB record’s INPC is not required.

· NSTX Clock Cycle Synchronization (default)

This mode will use NSTX Clock Cycle events.

· PC (FCPC) Synchronization

If the PC sync mode is selected,  an alternate method of computing event codes and delays is used.  See Appendix A.

· NB Event Synchronization 

Not yet designed but may be similar to the PC mode. This mode is still not developed.  Initial NB operations indicate that this special mode may not be needed.

3.2 Event Code Selection

The user should select the Event Code that the 404’s  timing trigger output will be sync’d to.

	Event

Code
	Relative

Time

Units
	Relative Time Comments

	SOC
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	SOS
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	T(-60)
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	SOP
	seconds
	The time entered may be positive or negative. The negative limit is T(-60).  A greater negative value than this will be forced to T(-60) by the 404 SUB record.  Note for FCPC-Synchronization mode,  the limit for relative negative time reference is on the order of SOP-2 seconds.

	T(-1)
	seconds
	The time entered may be positive or negative. The negative limit is SOC.  A greater negative value than this will be forced to SOC by the 404 SUB record.

	T(0)
	seconds
	The time entered may be positive or negative.  The negative limit is SOC.  A greater negative value than this will be forced to SOC by the 404 SUB record.

	NBI
	milli-seconds
	The time entered may be positive or negative. The negative limit is the time between FBL and NBI.  A greater negative value than this will be forced to FBL by the 404 SUB record.

	T(+D)
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	EOD
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	EOP
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	Link 2-SEC code
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	PC-Fault
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	PC-Event
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	FBL
	milli-seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.

	404 Internal Test (157)
	seconds
	The time entered must be positive.  A negative delay will be forced to zero delay.


1. Relative Time of Trigger

The user may enter a + or – time which is relative to the selected Event Code (previous section).  For event code selections T(0), T(-1), and SOP, the 404 will be setup to use a previously-occurring event code if the time is negative. For event code NBI, the 404 will be setup to use the FBL code with an appropriate delay if the rela time is negative.

2. Description of 404_SUB Record Links :

	INAM
	This field must cantain:  ce_404init

	SNAM
	This field must contain:  ce_404proc

	INPA
	This should be a value in seconds of the time of the 404 channels’s timing pulse output.  The time is relative to the selected event (at INPB).  The time can be + or -,  with limitations set on the range.  The limits depend upon the event code used.  See the “event codes” section.  If the desired relative time is always zero,  this link is not required.

	INPB
	This is the value of the selected event code which the time value of INPA is referenced to.  The values are a decimal representation of the octal event identifiers (e.g. 140-147, 150-157) in the 404 module’s hardware spec.  If the time reference will always be T(0),  then this link is not required.

	INPC
	This is the Synchronization Input.  The value will cause the 404_SUB record to use alternate 404 programming methods.  The values are :

· 0 = NSTX Synchronization

· 1 = FCPC Synchronization (Local Cycle only)

· 2 = Beam Synchronization (future)

If the times will always be relative to NSTX clock,  then this link is not required.

	INPD
	This is the alternate-time value,  in seconds.  This will be the value of a virtual SOP time [relative to a virtual T(0) time]for the FCPC Sync mode only.  The record to be linked is pc_SOPtime_AO.  If FCPC sync mode will not be used,  then this link is not required.

	INPE
	This is a database link to the NSTX Clock System record ck_SOCtime_AO.  This is the present time of SOC [relative to T(0)].  This link is required in certain circumstances :

· When the SOC event is selected for INPB

· When the SOP, T(-1), and T(0) events are selected AND the relative times would precede T(-60).

	INPF
	This is a database link to the NSTX Clock System record ck_SOPtime_AO.  This is the present time of SOP [relative to T(0)].  This link is required in certain circumstances :

· When the SOP event is selected for INPB.

· When the SOP, T(-1), and T(0) events are selected AND the relative times would precede SOP.

	
	continued next page


	INPG
	This is a database link to the NSTX Clock System record ck_F2Ntime_AO.  This is the delay in millisec between the neutral beam FBL event and the neutral beam NBI event.  This link is required in certain circumstances:

· When the NBI or FBL event is selected for INPB.

	INPH
	This is a database link to the NSTX Clock System record ck_NBItime_AO.  This is the delay after T(0), in millisec, until the NBI event. This link is required in certain circumstances :

· When the NBI event is selected for INPB.

	VAL
	This is the computed absolute trigger time.  It is only valid when event codes SOC, SOP, T(-1), T(0), FBL or NBI are selected.

	K
	This is the value for the 404’s F17 CAMAC Function Code.  Bits 1-20 hold the delay count and bits 21&22 hold the delay clock value.  Note there is a GDCT bug which requires the dly_LO DOL field be manually edited to properly link to the “K” field.

	L
	This is the value for the 404’s F16 CAMAC Function Code.  Bits 1-16 hold the code-response mask.  Note there is a GDCT bug .  Reference the “K”  field.


Figure 1 - GDCT screen shot of fully configured 404 record
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Figure 2 - GDCT screen shot showing 404 record 'fields'
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Figure 3 - MEDM screen shot showing 404 user entry display
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Appendix A – PC Synchronization Mode

There is a medm page entitled  “PC Local Cycle Configuration” (see figure).  This page permits FCPC operators to place the 404 timing modules in NSTX (normal) sync mode or FCPC Local mode.  For configuring the local mode timing, entry fields are provided to program a relative time for virtual events SOP and EOP.  Virtual T(0) is the basis for these relative times.  A facility clock event PC-Event (155) will be generated upon operator command to produce a FCPC Local Cycle.  404 delays from the PC-Event will produce timing triggers relative to the virtual events,  IF those timings were setup to use SOP or T(0) as their timing reference. FCPC 404A timing channels should be programmed to trigger relative to SOP or T(0) events only.

The mode selection value is linked to each 404 SUB record’s INPC field.  A value of zero indicates NSTX sync mode and a value of one indicates FCPC sync (local mode).  The SUB record will use the ALT_TIME (brought into INPD) as the time of SOP.  This should be the virtual SOP value, pc_SOPtime_AO.  The 404 record now knows when virtual T(0) will occur and can figure out the proper delays off of the PC-Event.  Thus,  the operators should not be required to reprogram all of the timing channels for NSTX,  or FCPC,  sync modes.

FCPC 404 timing channels which are configured to use SOP or T(0) will be configured to output a timing pulse relative to the virtual events.  The most negative relative trigger time is about 2 seconds prior to virtual SOP.  For any other timing code selection,  or too-negative a relative time, the output pulse will be forced to occur at virtual SOP.

