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1 Introduction

This document covers many aspects of the timing trigger system. It describes the physics requirements, the physical components, and the functions. The engineering interfaces enumerate the inputs to timing and the data and triggers required by the other systems and operations. The timing trigger system description covers the LCLS Master Pattern Generator and the Event Receivers (EVRs). The timing trigger hardware section describes each of the hardware components used and their functionality.

2 System Overview

The LCLS timing trigger system provides all coordinating hardware triggers for control and data acquisition along with the data required at the beam rate for control and data acquisition.

2.1 Physics Requirements

The document LCLS Timing System Requirements (http://www-ssrl.slac.stanford.edu/lcls/prd/1.1-305-r0.pdf) comprises existing physics requirements. Table 1 of this document in included below.
The LCLS timing trigger system is required to provide operations with the ability to select beam rates of up to 120 Hz, deliver independent subsystem triggers over a 1 second super cycle, support synchronized data acquisition for applications, provide triggers up to 120 Hz with long term jitter of less than 20 picoseconds, and provide gates with a resolution of 8 nsecs.
Table 1: Timing trigger system parameters
	Maximum trigger rate
	360 Hz

	Clock frequency
	119 MHz

	Clock precision
	20 ps

	Coarse step size
	8.4 ns ± 20 ps

	Delay range
	>1 sec

	Fine step size
	20 ps

	Maximum timing jitter w.r.t. clock
	2 ps rms

	Differential error, location to location
	8 ns

	Long term stability
	20 ps


2.2 Timing Trigger System Requirements
The primary function of the timing trigger system is to provide synchronization for the control and data acquisition of the nominally 200 fsec duration beam pulse through 1 mile of beam pipe to the experimental beam lines and detectors. The synchronization must be phase stabilized with the 476 MHz RF and minimize the pulse to pulse jitter to less than 20 psecs. It must provide delays and gates relative to the phase stabilized fiducial with 8 nsecs of resolution over an 8.3 msec range. The timing trigger system must rate limit the beam when the Machine Protection System (MPS) detects a situation results in equipment damage if the beam rate is higher. It must also provide information needed by the MPS regarding the beam destination to determine which MPS devices need to be considered. Finally, the timing trigger system must integrate the functionality and information provided by the existing SLC Control System timing system. This function provides the ability to use the high level applications resident on the SLC control system with data from the LCLS control system.
3 Physical components

The timing trigger system consists of the LCLS Master Pattern Generator (MPG) and Event Receivers.  The Main Drive Line (MDL) supplies the RF phase locked fiducial and 360 Hz timing triggers to the LCLS MPG;  the SLC MPG supplies timing information via PNET to the LCLS MPG.  The LCLS MPG integrates the SLC timing information with the LCLS timing information, writies it to a buffer in the Event Generator (EVG) which then sends it out over fiber optic cable to the EVRs. The EVRs are distributed throughout the control system to provide synchronized timing triggers and timing information to MPS and the control subsystems that require synchronization. The figure below shows a block diagram of the LCLS timing trigger system, its various components, and their relationships.


















Figure 1
Timing TriggerSystem Components

3.1 LCLS Master Pattern Generator

The LCLS MPG consists of components needed to provide triggers closely synchronized with the RF to provide triggers and data required for machine operation.  The LCLS MPG is a VME crate that houses a 3-slot PNET receiver and a 1-slot EVG 200. The MPG is the integrator of the RF reference, Machine Protection System information, the SLC Control System timing information, and LCLS timing information. The RF synchronization that is provided through a FIDucial Output (FIDO), takes the 476 MHz RF with a missing pulse at 360 Hz and provides two inputs to the EVG: a 119 MHz RF sine wave and a 360 Hz fiducial.  For integration with the SLC timing system, there is a PNET receiver that receives the 128 bit PNET buffer  sent out by  the SLC MPG  at 360 Hz. MPS inputs to the EVG include: beam inhibit, rate limit, and beam destination. Additional information provided by the MPG for LCLS operation includes: the super cycle down counter, operator requested beam destination.and beam rate, and expected beam current. The MPG uses these inputs to send LCLS triggers, SLC PNET information, Rate Limiting and Beam Inhibit from the Machine Protection System, and additional data through the EVG to all of the distributed Event Receivers (EVRs).    

3.2 Event Receivers

The EVRs are either a 1-slot VME board  or a PMC module that resides on a carrier board or on an IOC. They receive both events and data as well as the fiducial, all over the same fiber. An 8-bit event code and an 8-bit data byte are received every 8 nsecs. The event codes are mapped to gates directly in the hardware and can also be configured to cause software interrupts to the processor which houses the EVR. The data bytes consist of event buffers (EBs) and an 8-bit shared data bus. The EBs from the EVG consist of up to 2048 bytes which include the PNET data, super cycle down counter and operator requested beam rate and beam destination. An interrupt is given when the message EB is received. When the data byte is not being used to transfer the message EB, it is used to pass an eight bit shared data bus that is used for MPS data. The EVRs shall also verify that the EVG is functioning properly. If it detects that the EVG is not operational, the EVR indicates that the timing is not functional in an IOC state of health channel.
(Are there interrupts when these bits are true?)
Pulse ID – last 4 aged.

What other things are in the records here?

SLC-aware IOC data.
4 Time Line
Although many events can be generated by the EVG, we examine an example with three events to understand the relationship between our 360 Hz fiducial, the PNET data which tell us which fiducial can be used for Beam On events and the arrival of the Beam On event. The timing chart contains: the beam event (B) which runs either On Demand or at rates of 1 Hz, 10 Hz, 30 Hz, 60 Hz, and 120 Hz;  the Fiducial (F) event  which runs at 360 Hz;  and the PNET/data packet that arrives 3 fiducials in advance of the fiducial where it is executed. The Beam event is 1 msec from its fiducial as it is for all of the SLC. When the Beam pulse arrives all data required for this beam pulse is present. The PNET packet that arrived at Pn-2 is critical in that it informs the LCLS which of the 360 Hz fiducials is OK to use for the LCLS beam. The SLC MPG sends a timeslot id 0-5 for each of the 360 Hz fiducials in a 60 Hz cycle. Timeslots 0 and 3 are used by PEP for injection and the events are RF phase shifted up to 137 usecs and therefore cannot be used for LCLS Beam On. Timeslots 1 and 4 are used by Cryogenics. Timeslots 2 and 5 are available for LCLS Beam On. There may be some additional information needed from the Pn PNET packet that arrives no more than 500 usecs after the fiducial allowing the IOC at least 500 msecs before the beam event. The current beam pulse (Bn) uses the PNET packet that arrived at Pn-3 for the timeslot and remains valid until Pn+1 arrives. It is triggered from the fiducial that arrived at (Fn) from the EVG. It uses MPS data that is placed directly into the timing stream within 100 nsecs of when it arrives. 
The 120 Hz timeline (figure 2) shows the events and timeslot that was received 3 beam pulses ahead. Events include: the 360 Hz fiducials (2.77 msec), PNET packet for 3 fiducials ahead and the Beam On event for 120 Hz beam. The Beam On event is always 1 msec after the fiducial to which it relates. The PNET packet containing the data for this fiducial is three cycles prior. For instance, the PNET packet for Bn is Pn-3. The 60 Hz beam timeline (figure 3) shows that all of the 360 Hz fiducials and PNET packets are still the same but that the Beam On event only occurs on timeslot 2 every 16.6 msecs. 

[image: image1]
Figure 2
Timeline for 120 Hz Beam


[image: image2]
Figure 3
Timeline for 60 Hz Beam

5 Timing Functions

The Master Timing IOC provides accurate timing events and timing information needed by beam-synchronous applications.  Events are used to gate data acquisition and control hardware.  Timing information includes data such as: beam destination, machine protection system mode, super cycle down counter, and the PNET data, which are used by beam-synchronous applications.
5.1 Timing Events
Events are created at the MPG in the EVG module. Sources for events are either: trigger inputs into the EVG, Events triggered on the fiducial from the sequence RAM, or software generated events. The LCLS MPG uses the Sequence RAM to generate events. The sequence RAM is triggered on every 360 Hz fiducial. The sequence RAM consists of up to 2048 events where each event defines the offset counter and event number to send from the start of the Sequence RAM event.  They are generated and sent to the EVRs at a rate 125 MHz or one event every 8 nsecs. Each event is a number 1-255. These events are used by the EVRs to create gates. Each gate is defined as the event from which to trigger, the delay to wait from that event and the length of the timing gate. 
5.1.1 Event Codes

The event codes are used to create timing gates for hardware and interrupts for software in timing system clients. They include gates required by the hardware for data acquisition and control. A gate is required for each independent rate event. In addition to the events required for pulse to pulse control, there are events for lower rate synchronized data acquisition and control such as the 10 Hz event that could be used to synchronize slow control, the 1 Hz event that could be used for high level application synchronized model based control, and a circular buffer dump event to use to collect all 10 second circular buffers for beam studies or fault analysis. The current event codes for LCLS are:

0. Null Event -- Reserved 

1. 360 Hz fiducial

2. Beam On

3. RF On

4. Single Bunch Beam Dumper
5. Sinble Bunch Beam Dumper Abort

6. Laser Trigger

7. 1 Hz Event
8. 10 Hz Event
9. High Level Application Data Acquisition Event (Either at 1 Hz or On Demand)
10. BPM Trigger

11. Dump Circular Buffers

12. TBD
13. …

5.1.2 Event Code Super Cycle
The sequence RAM is triggered by the 360 Hz event. Each time a new 360 Hz trigger arrives, all events defined in the sequence RAM are sent.. After receiving the fiducial and sending the current sequence RAM, this sequence RAM buffer is disabled, the preprogrammed second sequence RAM for the next fiducial is enabled, and the now disabled sequence RAM is programmed for the fiducial that follows the next one. The Sequence RAM is a 2048 array where each event is defined by the event number to send and the delay before sending it. 
To illustrate the programming of the sequence RAM, we will consider 120 Hz beam and 30 Hz beam. Recall that the PNET packet shows up 3 pulses ahead of time. 
Time from 8.3 msecs past until the present for 120 Hz beam.
- 8.3 msecs   
Super Cycle Down Counter= 0


10 Hz Downcounter = 0



1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 2



+ 0.80 msec
RF Event



+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.02 msec
1 Hz Event




+1.03 msec
10 Hz Event
- 5.6 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 3



+ 0.60 msec
BPM Calibration Event

- 2.7 msecs


+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 4
- 0 msecs

Super Cycle Down Counter= 0


10 Hz Downcounter = 11



1 Hz Downcounter = 119



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 5




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event

Time from -33.3 msecs until the present for 30 Hz beam.

- 33.3  msecs 

Super Cycle Down Counter= 0



10 Hz Downcounter = 0




1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now  Timeslot = 2




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.01 msec
10 Hz Event




+1.02 msec
1 Hz Event                                                                         
- 30.5 msecs   

+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 3
                       

+ 0.60 msec
BPM Calibration Event                                                      
- 27.7 msecs

+ 0.00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 4          
- 25.0 msecs 
Super Cycle Down Counter= 3


10 Hz Downcounter = 11



1 Hz Downcounter = 119




+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now  Timeslot = 5



+ 0.80 msec
RF Event




+ 0.99 msec
Laser Event                                                                         
- 22.2  msecs

+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 0



+ 0.60 msec
BPM Calibration Event                                                       
- 19.4 msecs   

+ 0.00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 1            
- 16.6 msecs
Super Cycle Down Counter= 2


10 Hz Downcounter = 10



1 Hz Downcounter = 118




+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now  Timeslot = 2



+ 0.80 msec
RF Event




+ 0.99 msec
Laser Event                                                                          
- 13.8 msecs

+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 3




+ 0.60 msec
BPM Calibration Event                                                        
- 11.1  msecs

+ 0.00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 4             
- 8.3 msecs   
Super Cycle Down Counter= 1


10 Hz Downcounter = 9



1 Hz Downcounter = 117




+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now  Timeslot = 5



+ 0.80 msec
RF Event




+ 0.99 msec
Laser Event                                                                          
- 5.6 msecs

+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 0



+ 0.60 msec
BPM Calibration Event                                                        
- 2.7 msecs

+ 0.00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now Timeslot = 1            
- 0 msecs 
Super Cycle Down Counter= 0


10 Hz Downcounter = 8



1 Hz Downcounter = 116



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now  Timeslot = 2




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event

5.2 Timing Gates

Timing gates are produced at the EVR modules which are distributed among the I/O Controllers (IOCs). The timing gates are defined by setting the event number which initiates this gate, the delay in 8 nsec steps between the receipt of the event and the rising edge of the trigger, and the length of the gate in 8 nsec steps.

As an example, we consider the RF gate. To produce a 5 usec gate for the RF offset 1 usec from the RF event, the EVR for Gate 0 is set to:

Event Number

3
(from 5.1.1)
Delay


125
(8 nsec/tick * 125 ticks = 1 usec)
Gate Duration

625
(8 nsec/tick * 625 ticks = 5 usec)
The RF Gate must be off frequency when there is no beam. This is accomplished by adjusting each trigger by a predetermined amount. The RF application is given the super cycle down counter and the timeslot number. When the next time slot is 2 or 5 and the super cycle down counter is 1, the next RF trigger is used to accelerate beam. Otherwise, the RF gates are programmed to avoid accelerator of dark currents.

(Should we include a next fiducial has been event to make it easier to program these things?)
5.3 Timing Data
The timing data is transmitted by the EVG and received by each EVR. There is a shared 8 bit data bus that is continually updated and a data buffer which arrives within 500 usecs after the fiducial.The data received in the data buffer is for the third fiducial from the time of arrival. One byte of data arrives every 16.6 nsecs on the eight bit shared data bus.
5.3.1 Machine Protection System Data

The Machine Protection System (MPS) data is transmitted over the shared data bus. The data is available at the EVRs within 200 nsecs of when it is received from the MPS. It includes:

1 bit

Beam Inhibit

xxxxxxx0 = Beam Enabled

xxxxxxx1 = Beam Inhibitted

2 bits

Rate Limit

xxxxx00x = no limits

xxxxx01x = 1 Hz

xxxxx10x = 10 Hz

xxxxx11x = 30 Hz

…

5 bits

Beam destination

00000xxx (00) = No beam destination specified

00001xxx (01) = Gun Spectrometer Dump
00010xxx (02) = Straight Ahead Beam Dump (SAB)

00011xxx (03) = Insertable Tune Up Dump TD11 (after BC1)

00100xxx (04) = Insertable Tune Up Dump TD21 (after BC2)

00101xxx (05) = D10 Dump
00110xxx (06) = Single Bunch Beam Dumper (SBBD)
00111xxx (07) = Insertable Tune Up Dump TDUND (after Undulator)

01000xxx (08) = Main Dump
11111xxx (31)
 = Experimental Huts
5.3.2 Operator Requested Machine Rates
The machine rates are set by the operator. They include the RF rate, the Single Beam Dumper Rate, Injector Rate, BPM Calibration Rate, Laser Rate, and Beam Rate. These rates are used to program the sequence RAM to produce the appropriate triggers on the correct timeslots. Each of these is set in1 byte whose values are:
0x00 – On Demand

0x01 – 1 Hz

0x02 – 10 Hz

0x03 – 30 Hz

0x04 – 60 Hz
0x05 – 120 Hz
Only the operator requested beam rate is sent in the data buffer. The MPS rate limit overrides this rate. When the MPS rate limit is cleared, the MPG automatically returns to the operator requested limit. This data is appended to the PNET data and sent in the data buffer that is sent on each 360 Hz fiducial/
5.3.3 Super Cycle Down-Counter

The super cycle down counter gives applications an indication of when the next beam pulse will occur. The fiducial is 360 Hz. The data buffer contains a super cycle counter for the next 120 Hz event to occur. If the next 120 Hz event is to have beam, the super cycle down counter is 0. For 1 Hz beam, the data buffer after a beam event is 119. That is that beam arrives 119, 120 Hz events from now. This data is appended to the PNET data and sent in the data buffer that is sent on each 360 Hz fiducial.
5.3.4 Operator Requested Beam Destinations
The operator can request beam destinations through the timing system. These may be the same that are reflected in the MPS. However, they can be different when the operator is running beam to the End Stations but decides to take a phase scan using an upstream OTR screen. When the MPS indicates that there is a device in the beamline before the operator requested beam destination, the MPS beam location overrides the operator requested beam destination. Otherwise, the operator requested beam destination is used to inform the MPS which devices must be considered for Beam Inhibit. This data is appended to the PNET data and sent in the data buffer that is sent on each 360 Hz fiducial.
Expected Beam Current

The expected beam current is sent from the EVG for use by the BPM system. It allows them to calibrate in the range of expected beam.
5.3.5 The Time Stamp

The time stamp is sent from a Network Time Protocol Server (NTP) and the Pulse ID that is managed by the LCLS MPG. The time stamp consists of two long words. The upper order portion of the time stamp is the seconds since January 1, 1990. The lower order portion is the pulse ID received from the PNET board for this pulse. The pulse ID is a counter from 1-130320. When the pulse ID rolls over, we add a rollover bit until the seconds field increments so that the time stamps only go forward. These time stamps are used for data correlation and time plots. This data is appended to the PNET data and sent in the data buffer that is sent on each 360 Hz fiducial.
This counter increments every 2.77 msecs. The EPICS tools consider the low order long word of the time stamp to be in nsecs. Our bits are:

0 = 1 nsec

1 = 2 nsec

2 = 4 nsec

3 = 8 nsec


4 = 16 nsec


5 = 32 nsec


6 = 64 nsec


7 = 128 nsec


8 = 256 nsec


9 = 512 nsec


10 = 1.024 usec


11 = 2.048 usec


12 = 4.096 usec


13 = 8.192 usec


14 = 16.384 usec


15 = 32.768 usec


16 = 65.536 usec


17 = 131.072 usec


18 = 262.144 usec


19 = 524.288 usec


20 = 1.048576 msec


21 = 2.097152 msec


22 = 4.194304 msec


23 = 8.388608 msec


24 = 16.777216 msec


25 = 33.554432 msec


26 = 67.108864 msec


27 = 134.217728 msec


28 = 268.435456 msec


29 = 536.870912 msec


30 = 1.073741824 sec.

If we right shifted the PulseID over 10 bits, we would be more closely representing actual time. Do we care?
5.3.6 PNET Data

The 128 bit PNET data that is received from the SLC timing system is passed along through the data buffer. It arrives <= 500 usecs after the fiducial. It contains data pertinent to the third fiducial that will occur from this fiducial.

Need to talk about the down-counter. The pulse ID is 1-130320 6 minutes + 2 seconds at 260 Hz. We give the pulse ID. The pulse ID down counter to the rollover is sent on the 1-15 – then rolls over.

The LCLS MPG does send this out in the time stamp. Right justified. 17 bits. Is this as close as it could be to actual time.

Note to Bob: the pulse id is a counter counted inside the LCLS MPG; it is not part of the PNET buffer until the last 15 buffers before a reset when the 4 bit countdown is sent.  It loops from 1 to 360*(6 min * 60 s/min + 2 sec)=130320 and where pulse id “1” doesn’t mean anything; it’s just a rollover value to keep/check things in sync.
6 Timing Hardware
The timing hardware cosists of the Event Generator (EVG) in the Master Pattern Generator and the Event Receiver (EVR) that is distributed among the LCLS IOCs and also an EVR in the MPG that is used to monitor the timing. 
6.1 Event Generator
The Event Generator is a VME card that is in the MPS IOC. The EVG sends data and events over a 2.5 GHz bus. The bus sends 16 bits every 8 nsecs. Eight bits is used for the event number. This event number is used by the EVRs to create timing gates. The other eight bits is further subdivided into alternating packets between the eight bit shared data bus and eight bits of data buffer transmission. The table below illustrates the data on the 2.5 GHz bus.


[image: image3]
Figure 2 Anatomy of the datastream (EVG/EVR)   
6.1.1 Event Generator Triggers

There are up to two hundred and fifty six (256) available triggers that occur every 8 nsecs. Eight (8) of these are reserved. Two hundred and forty eight (248) are user definable. There are three sources of events: trigger events, sequence events, and events from upstream EVGs. They are listed in order or priority. If a lower priority event occurs on the same 8 nsec slice as a higher priority event, it will be transmitted in the first available 8 nsec slice. Carefully planned events can avoid this situation.
6.1.1.1 Triggered Events I have to read more on this to understand…
There are 8 inputs into the EVG. These 8 triggers are mapped to 8 event codes on the EVG board. When any of these inputs are high, the corresponding event code is sent out. The input signal must stay high for 10 nsecs. These are the highest priority events. The MPG only uses the 360 Hz event. No other events are currently identified for use.

6.1.1.2 Sequence Events I have to read more on this to understand…
There are two sequence RAMs that are used to set out a predefined set of triggers from a single start pulse. The event sequence RAM consists of 2048 entries where each has an 8 bit event code and a 32 bit down counter. When the sequence RAM is initiated, it decrements the down counters at 8 nsecs. This rate is reconfigurable but we will use 8 nsecs. The event code is sent when the down counter reaches 0. The sequence RAM is ready to restart when all of the events in the table have been sent. In the 120 Hz example for the timeline the Sequence RAM would be programmed as such:
- 8.3 msecs   







Downcount
Event
Super Cycle Down Counter= 0


10 Hz Downcounter = 0



1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event


0

1



+ 0.50 msec
PNET Packet for 8.3 msec from now



+ 0.80 msec
RF Event



100,000

3



+ 0.90 msec
BPM Event


112,500

9



+ 0.99 msec
Laser Event


123,750

5



+ 1.00 msec
Beam Event


125,000

2



+1.02 msec
1 Hz Event


127,500

6



+1.03 msec
10 Hz Event


128,750

7







This sequence RAM was disabled and the second 
buffer which is already programmed is enabled.

This sequence RAM buffer is then programmed 
for the -2.7 msec event.
- 5.6 msecs



+ 0.00 msec
360 Hz Event


0

1


+ 0.50 msec
PNET Packet for 8.3 msec from nowl


+ 0.60 msec
BPM  Event


75,000

9







This sequence RAM was disabled and the second 







buffer which is already programmed is enabled.








This sequence RAM buffer is then programmed 







for the -0 msec event.

- 2.7 msecs



+ 0.00 msec
360 Hz Event


0

1


+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 4








This sequence RAM was disabled and the second 







buffer which is already programmed is enabled.








This sequence RAM buffer is then programmed 







for the +2.7 msec event.- not shown

- 0 msecs

Super Cycle Down Counter= 0


10 Hz Downcounter = 11



1 Hz Downcounter = 119



+ 0,00 msec
360 Hz Event


0

1



+ 0.50 msec
PNET Packet for 8.3 msec from now



+ 0.80 msec
RF Event



100,000

3



+ 0.90 msec
BPM Event


112,500

9



+ 0.99 msec
Laser Event


123,750

5



+ 1.00 msec
Beam Event


125,000

2








This sequence RAM was disabled and the second 







buffer which is already programmed is enabled.








This sequence RAM buffer is then programmed

for the +5.4 msec event.- not shown
6.1.1.3 Upstream EVG Events

Event Generators may be daisy-chained. Upstream events received are sent out as long as there are no conflicting events originating in the downstream EVG. That is to say that the events locally originating have priority over the upstream events.

6.1.2 Event Generator Data

Data buffers are transmitted 8 bits per 8 nsecs. This byte is either the 8 data input bits into the EVG or the transmission of an EB of up to 2048 bytes. 
6.1.2.1 Event Buffers

The EBs are sent whenever the software triggers them to be sent. We send the EB on receipt of the PNET buffer interrupt, once we have appended on the additional LCLS information. The message RAM is filled up along with the byte count and sent out on this software trigger. We will use these EBs to transmit the 128 bit PNET message from the SLC MPG, the Super Cycle Down-Counter, the operator desired beam rate and destination, and the time stamp.
The EB is sent out one byte every 16 nsecs. It is sent on alternating data bytes with the shared data bus. That is to say, one byte of the EB is sent with every other event byte.
6.1.2.2 Shared Data Bus (MPS data)
The MPS data is input into the shared data bus inputs of the EVG and sent immediately through the data bus. These 8 bits are sent every 16 nsecs. Event can be triggered by a change in state of these bits. The current implementation causes no events to occur. The bits are just sent out continually.
6.2 Event Receiver

The Event Receiver (EVR) is either a VME or PMC card. It receives data and triggers from the EVG. It produces timing gates and provides the local application the timing system data. 
6.2.1 Event Receiver Timing Gates

There are 32 outputs available from each EVR Four (4) of the outputs can be set to have very long delays and pulse widths. Fourteen (14) events provide event timing gates where a delay and width can be configured. These fourteen include 8 that can be connected directly to the data bus. The shared data bus is providing the MPS data. Currently none of these gates are used this way. Seven (7) of the outputs are set on specified events. These are not used. There are also seven (7) outputs that are levels. They are set on a given event and reset on a different event. These are also not used.
7 Inputs into the Event Generator

Inputs into the Event Generator include: RF reference clock and 360 Hz triggers from the FIDO, PNET packets from the SLC timing system, Machine Protection System status information, and user defined rates and triggers.

7.1 RF Reference Clock from the FIDO

The RF Reference is the signal that synchronizes the internal clocks of the EVG to the EVRs to maintain the 8 ns data and event transmission.
7.2 360 Hz Fiducial from the FIDO
A 360 Hz trigger is sent to the EVG transition module. It is used to reset the triggers in the EVRs, i.e. so that they restart their countdowns.
7.3 PNET Interface from the SLC MPG
PNET packets are received from the SLC timing system at 360 Hz. They arrive ~100 usecs (see diagram from Mike Browne), but it is not fixed from the start of a 360 Hz cycle. They come a full 120th of a second in advance of when they need to execute. So when the trigger for the current beam pulse arrives, the PNET buffer that arrived on the previous beam pulse is the one that is to be used.
7.4 Machine Protection System (MPS) Status
Same as 5.3.1? Just put a reference? 
8 Engineering Interfaces

This section enumerates the requirements from other LCLS subsystems such as the Machine Protection System, Fast Feedback, High Level Applications, and equipment control subsystems.

8.1 General Timing Interfaces

The timing trigger system provides the time stamp, timeslot number, pulse id, beam status and rate limit info  to every subsystem with a timing interface (i.e., an EVR). The subsystem uses the time stamp to tag data for correlation. The timing trigger system also provides timing triggers to every subsystem that requires triggers. The subsystem uses the fundamental timing triggers starting local timers which gate data acquisition, control, calibrate, or perform beam synchronous scheduling. 
In addition to this general timing interface, the next sections list additional timing trigger system interfaces.
8.2 Machine Protection System Interface

The timing trigger system and the Machine Protection System (MPS) exchange critical information in the LCLS control system. The MPS gives information to the timing trigger system regarding rate limits, beam inhibit, and beam destination. The timing trigger system gives the MPS verification that the MPS state, requested beam rate and requested beam destination is being transmitted to all other subsystems. so that only the required devices are considered for beam inhibit in the MPS. A Beam Inhibit must reach the subsystems before the next beam pulse. This includes detection, transmission, and mitigation. The mitigation is done directly by the MPS. All MPS data is transmitted over the shared data bus and arrives at all EVRs within 200 nsecs of the change of state inputs arrive at the EVG front end.

8.3 High Level Application Interfaces

There are two basic operations: set the machine rates and request data operations. The operator sets the machine rates – but is overridden by MPS as needed. When the MPS rate limit conditions clear, the requested rates are automatically returned.  Data acquisition events exist for 1 Hz to allow high level applications to set up database scanning at 1 Hz for beam synchronous data. On Demand events must also be lined up on the 1 Hz event so that high level applications reading data on this event receive data with beam.
8.4 Fast Feedback
The fast feedback system receives the beam destination, the beam trigger, the super cycle down-counter, and the beam rate. This data may be used to limit which loops are active or provide more processing for slower beam rates. 

Other timing gates needed?
8.5 Beam Trigger

The beam trigger is sent at a maximum rate of 120 Hz. The timing system fiducial is 360 Hz. On each fiducial, there is a timeslot number 0-5. LCLS may have beam on timeslots 2 and 5. If we are running 120 Hz beam, there is a beam trigger on timeslots 2 and 5. As we run at lower rates, we use the super cycle down-counter to determine which of the timeslots 2 and 5 to use for LCLS beam.
8.6 RF System Interface

The arrival of the 360 Hz fiducial triggers the LLRF Phase and Amplitude Detectors (PADs) FIFOs to be read out. The PAD processor reads the waveform, performs a correction and calculates the average of the two terms (I and Q maps to phase and amplitude). The two 16-bit integers are sent to the LLRF VME over private Ethernet where they can be used in the fast feedback calculation (if there is beam) or the local feedback loop (if there is no beam). The corrected values are used to calculate a waveform which is sent to the LLRF Phase and Amplitude Controllers (PACs) for application to the LLRF electronics. To allow for a 5 msec settling time, the readout, calculations and data transfer must take less than 3.3 msec.
8.7 BPM Interface

The BPM receives three gates from the EVG, one to set the X calibration tone, one to set the Y calibration tone, and one to trigger the BPM. The X BPM trigger occurs on every fiducial. The X calibration trigger occurs on the two fiducials prior to the upcoming 120 Hz event. The Y calibration trigger occurs on the fiducial before the 120 Hz event. The BPM IOCs determine if there is beam there using the information from the data message. The data message for this beam event occurred 3 fiducials prior to the 120 Hz event and can therefore be examined immediately by the BPM IOC. It contains the time stamp and expected beam current. The MPS information is available from the shared data bus for immiate examination for beam destination and beam abort. 
Timing Event for BPM system when there is 60 Hz beam
- 8.3 msecs   
Super Cycle Down Counter= 0


10 Hz Downcounter = 0



1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 2




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event
- 5.6 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 3



+ 0.60 msec
BPM X Calibration Event



+ 0.90 msec
BPM Event

- 2.7 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 4


+ 0.60 msec
BPM Y Calibration Event




+ 0.90 msec
BPM Event

- 0 msecs

Super Cycle Down Counter= 1


10 Hz Downcounter = 11



1 Hz Downcounter = 119



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 5




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event



8.8 Single Bunch Beam Dumper (SBBD)

The SBBD is fired on each pulse. It pulses at a rate that is set by the operator. The rate must be the same or faster than the beam rate. The SBBD triggers nominally 1 msec before the Beam On event when the beam is aborted. It triggers 100 usecs after the Beam On event when the beam is going into the Undulator. We provide a trigger for each of these events. The MPS system allows which of the gates is used to trigger the SBBD pwer supply.
Timing Event for Beam to the SBBD
- 8.3 msecs   
Super Cycle Down Counter= 0


10 Hz Downcounter = 0



1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event



+0.01 msec
SBBD Abort Event (to abort the beam into the dump)



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 2




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.02 msec
1 Hz Event




+1.03 msec
10 Hz Event


+1.10 msec
SBBD Event (allows the beam into the undulator)
- 5.6 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 3



+ 0.60 msec
BPM Calibration Event

- 2.7 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 4
- 0 msecs

Super Cycle Down Counter= 0


10 Hz Downcounter = 11



1 Hz Downcounter = 119



+ 0,00 msec
360 Hz Event



+0.01 msec
SBBD Abort Event (to abort the beam into the dump)



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 5




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.10 msec
SBBD Event (allows the beam into the undulator)
Timing Event for Beam to the Undulator
- 8.3 msecs   
Super Cycle Down Counter= 0


10 Hz Downcounter = 0



1 Hz Downcounter = 0



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 2




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.02 msec
1 Hz Event




+1.03 msec
10 Hz Event


+1.10 msec
SBBD Event

- 5.6 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 3



+ 0.60 msec
BPM Calibration Event

- 2.7 msecs



+ 0.00 msec
360 Hz Event



+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 4
- 0 msecs

Super Cycle Down Counter= 0


10 Hz Downcounter = 11



1 Hz Downcounter = 119



+ 0,00 msec
360 Hz Event




+ 0.50 msec
PNET Packet for 8.3 msec from now. timeslot = 5




+ 0.80 msec
RF Event




+ 0.90 msec
BPM Event




+ 0.99 msec
Laser Event




+ 1.00 msec
Beam Event



+1.10 msec
SBBD Event

8.9 Other subsystems…….
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