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1. Introduction

The PPPL Multifunction Timing Board system (MTB) is used to provide timing functions and to synchronize NSTX equipment through use of the NSTX Facility Clock.   This document will describe a method to monitor and control an MTB EDD or TG channel from EPICS IOC database records. The MTB can be used for several timing functions.  A separate document will describe the use of other types of timing function from EPICS.
2. References

· EPICS/LabVIEW MTB (Multifunction Timing Board) Programming Guide for TG Channels.
· MTB LabVIEW Programming Manual.
· MTB Windows DLL Programming Manual.
· MTB Installation Guide.
· MTB Post-Boot Loading Process.
3. Overview
The flexibility of EPICS, LabVIEW, and the MTB software present many solutions to programming an MTB board for an application. This guide will describe one implementation method which makes use of specialized executable LabVIEW programs and EPICS SUBroutione records. The LabVIEW program is guided by a simple ASCII configuration file, accessed by the LabVIEW program.  The use of the EPICS SUBroutine record is described, and can be configured in the normal EPICS manner.
4. EPICS Programming
The LabVIEW program is written to interface with one EPICS SUBroutine record.  The fields of the record are described in Appendix A.  Note that the values used to program the MTB can be hard-coded as constants in the database definition file, or can be linked to other database records using DB_Links (databse links).

5. LabVIEW Programming

6. Summary Guide
7. Figures
· Figure 1 is a diagram showing the interaction between software components. 

· Figure 2 shows a GDCT layout of a complete MTB Event Decode & Delay mode, which is similar to a CAMAC 404A Timing Module. Note that this configuration is not essential. 

· Figure 3 is an example medm display.  
· Figure 4 shows typical entries in a SaveSetArchiver to save and restore control settings.  
· Figure 5 shows a typical LabVIEW Configuration File.

· Figure 6 shows a typical SUBroutine Record.

8. Appendicies
· Appendix A Description of MTB_SUB Record Fields 

· Appendix B Event Codes and Programming Value for INPB
· Appendix C ‘Personality’ Codes 

· Appendix D Status Word Interpretation

· Appendix E ‘C’ Code for SUB record’s subroutine.

· Appendix F LabVIEW Program Documentation

Appendix A Description of MTB_SUB Record’s Fields :

These are the fields which are used by the MTB-style SUB record. The INP links can be a DB_LINK to another record, or it can be entered in the database as a fixed value.  Note that Channel Access clients such as medm can modify the values in the IOC database at run-time. In addition, the SaveSetArchiver can be used to save and restore (fixed) values.???  Monitored values are updated by the LabVIEW program at a 2 second rate.  The SUB record’s scanning rate will add an additional delay, up to one scan period.
	INPA
	This is the time (delay) [units=seconds]after the selected Facility Clock Event or Trigger_A input is received.  The valid range is 0 – 429 seconds. The resolution of the delay value is 100 nanoseconds for a 10 MHz Facility Clock and 1 microsecond for a 1 MHz Facility Clock. This can be a DB_LINK to another record, or it can be entered in the database for a fixed value.

	INPB
	This is the Facility Clock Event Code which the module will respond to, if the Facility Clock Event Enable bit is set.  If the Facility Clock Event Enable bit is off, then this value has no meaning. Valid range is 0-255.

	INPC
	This is the Input-Enable Register.

Bit 0: 1=Enable Facility Clock Events. 0=Disable.

Bit 1: 1=Enable Trigger_A (Start) input. 0=Disable.

Bit 2: 1=Enable Trigger_B (Stop) input. 0=Disable.

Bit 3: spare

	INPD
	This is the load control.  When the LabVIEW program detects that this input is a ‘1/high’, then the MTB channel will be loaded with the settings.  The bit will be reset/0/low by the LabVIEW and subroutine’s record processing after the load cycle is complete.  Note that since the LabVIEW program cycles at about a 2 second rate, there could be up to a 2 second delay after this input is raised, until the MTB is actually programmed.

	INPD
	This field only applies to the TG mode.  It has no affect in the EDD mode. This is the time (duration) [units=seconds] that the Timed Gate output will be active. The valid range is 0 – 4294 seconds. The resolution of the delay value is 1 microsecond. This can be a DB_LINK to another record, or it can be entered in the database for a fixed value.

	INPE
	This is the MTB channels’ ‘personality’. This is normally entered as a constant in the database file, and is not a DB_Link. Appendix B lists the valid numerical entries.

	INPF
	This is the MTB Board number. This is normally entered as a constant in the database file, and is not a DB_Link.  Valid range is 1-6.

	INPG
	This is the MTB board’s Channel Number. This is normally entered as a constant in the database file, and is not a DB_Link.  Valid range is 1-6.

	INPH
	This input should not be connected. It’s ‘output’ is reserved for use by the subroutine.

	INPI
	Same as previous field.  

	INPJ
	Same as previous field.  

	INPK
	Same as previous field.  

	INPL
	Same as previous field.  

	H
	This value is a composite control word that is calculated by the subroutine’s record and used by the LabVIEW program. The word includes: Event Code, Input-Enable Register, Load Control, Board Number, Channel Number. Appendix F details the composite control word’s structure.

	I
	This value is the monitored time delay [units=seconds] from the MTB.

	J
	This value is the monitored event code from the MTB.

	K
	This value is the monitored Input-Enable Register from the MTB. Bit meaning same as INPD.

	J
	This value is the monitored timed gate duration from the MTB. This has meaning only for the TG mode.

	L
	spare

	VAL
	This value is the composite status word. The word includes (monitored) values returned from the LabVIEW program and MTB: Event Code, Input-Enable Register, Load Control, Personality, Board Number, Channel Number, Watchdog Counter, load-reset flag, and status. Appendix F details the composite status word’s structure. 


Appendix B Event Codes and Programming Value
Valid code range is 0-255.  NSTX uses the codes described below. They seem strange because of the NSTX Facility Clock’s legacy encoded format, which includes parity and certain bit-locations being fixed (high or low).

	NSTX

Event

Code
	Octal

Code from H404A Spec
	Decimal Programming Value
	Comments

	E-STOP
	140
	96
	Code should not be used or generated.

	SOC
	141
	225
	

	SOS
	142
	226
	

	T(-60)
	143
	99
	

	SOP
	144
	228
	

	T(-1)
	145
	101
	

	T(0)
	146
	102
	

	NBI
	147
	231
	

	T(+D)
	150
	232
	

	EOD
	151
	105
	

	EOP
	152
	106
	

	Link 2-SEC code
	153
	235
	

	PC-Fault
	154
	108
	

	PC-Event
	155
	237
	

	FBL
	156
	238
	

	404 Internal Test 
	157
	111
	


Appendix C ‘Personality’ Codes 

	Personality
	Decimal Programming Value
	Comments

	Event Decode & Delay (EDD)
	0
	

	Timed Gate (TG)
	1
	

	Programmable Pulse Generator (PPG)
	2
	future

	Serial Time Interval Counter (STIC)
	3
	future

	Clock Generator (CG)
	4
	future


Appendix D Status Word Interpretation

· Value of zero means there were no errors.

	Bit(s)
	Interpretation
	Comments

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


