March 9, 2009

Linac Timing System Upgrade Issues & Ideas


SLAC Linac Complex Timing System Upgrade
Introduction:

The following is a collection of known issues and ideas concerning the SLAC Accelerator Timing System. The goal of this document is to capture all of the known issues and thoughts about the current system and ideas towards planned and considered upgrade paths. It is organized according to major components and sub-systems.
1) Major Systems and Components:

This is a broad topic encompassing several parts, which I’ll try to define below. We need to define the current issues with the system and define were we want to go. We have LCLS, FACET and future systems like PEP-X as well as NLCTA and ESA. Any system upgrade has to take into consideration all of these pieces: how they interact, if something changes in one place, how will it affect things in another; how closely coupled are they now and how closely coupled do they have to be if we want to change things.

There are multiple issues here that I’ll try to address to the best of my knowledge:
A) LCLS Timing:
The LCLS timing system is coupled to the SLC Timing system in several places:

I. It receives the 476MHz accelerator clock from the LCLS Master Oscillator, which in turn phase-locked to the 476Mhz reference on the Main Drive Line.

II. It receives a 360Hz fiducial signal from a FIDO in sector 21 (which ultimately comes from the MDL)

III. It receives a PDU base rate trigger from an SLC PDU in sector 21 (which is used to synchronize the division of the 476Mhz clock into 119Mhz for the LCLS Event Generator).

IV. It receives the SLC Master Timing Generator timing pattern via PNET.
One of the points of the above list is to call out all of the hooks the SLC timing system currently has into the LCLS system. The general notion has been to de-couple LCLS from the rest of the Linac as much as possible. As can be seen, this is a rather involved task that will take some careful planning. Choices made on upgrades for the larger system (fiducial modulation, partitioning of the MDL) will obviously affect LCLS timing.

One of the first tasks is to dis-connect the MPG from the EVG (the EVG is currently slaved to the MPG). This is largely a SW task, but some HW is involved. I do not know of a detailed plan as to how this will be carried out as of yet. One HW item concerning the MPG is that it takes in a signal derived from the power line to indicate timeslot zero. Presumably, the EVG would need to “know” when timeslot zero occurs as well.
Another thing to consider when developing the system is that eventually LCLS will span the entire length of the Linac. Therefore, the system should be flexible enough to allow FACET to exist and provide an upgrade path for LCLS.
A block diagram of the LCLS Timing system is shown on the next page. This diagram shows connections between SLC and LCLS timing systems.
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Figure 1: LCLS Timing System Block Diagram
The Event Generator (EVG) module currently resides in the Sector 20 RF Hut. Some consideration has been given to moving the EVG to MCC, with an eye towards the migration of the Linac timing to the EVG/EVR topology. A large fiber trunk has been run between MCC & Sector 20 in preparation for this. The missing link is a way to get the LCLS 476MHz phase reference into MCC. One idea was to use spare a heliax cable running between the Linac and MCC, said cable has yet to be identified, and would most-likely not be phase stabilized. A more likely scenario is that the move of the EVG to MCC will likely take place when the whole Linac is given over to LCLS. In this case, the LCLS master oscillator could be located in Sector 0 and the existing MDL and pickoffs at MCC then be utilized.
LCLS Timing System Upgrades & Modifications:

The following is a list of modifications/upgrades that have been considered for various pieces of the LCLS Event System.

Standby Triggers:

Currently the EVR functionality is limited in that two separate EVR HW are needed to create accelerate and standby triggers; whereas the PDU could interchange these on the same trigger output. It is possible to modify the EVR FPGA VHDL code to implement standby triggering. This is a relatively simple change, but would then require upgrading EVRs in the field (using a laptop & ethernet cable) as well as some system SW changes to support this mode.

EVG Interrupt Capability:

The EVG does not generate a VME interrupt when a fiducial trigger is received. It would be helpful from a SW standpoint to have this function. The EVG’s FPGA could be modified to provide this function.

Greater than 256 Event Codes:

The Event system is limited to 8-bit event codes, giving 256 combinations (actually less since some codes are used for special functions). The current amount of LCLS event codes has not been a limitation, but experience with the SLC timing system showed that the 8-bit PP beamcodes eventually were all utilized forcing the need to regional beamcodes. To avoid this for the event system, it could be possible to expand the 8-bit event code field to 16-bits. This would require some study and careful planning, but may be a worthwhile endeavor.
Fanout Module Upgrade:

The LCLS Timing fanout module is a single VME module that receives one optical timing signal and produces 12 copies of it for distribution to downstream clients. This module only takes power off of the VME bus and provides no level of diagnostics above front panel LEDs indicating when a link or optical transceiver has failed. There is no way to tell remotely whether a fanout has failed other than looking at whether a downstream EVR has lost its input timing signal. It would be beneficial to be able to monitor the health and status of each port and the overall health of the fanout module; allowing for the ability to troubleshoot and notice pending failures (as evidenced by falling optical power, for example). Therefore, an upgrade of the LCLS fanout module to include remote diagnostic readout would be beneficial. In addition to the diagnostic readout, other enhancements could include provision for expanding the module from 1:12 to 1:24 fanouts on a single level. This feature would allow more flexibility in signal distribution without having to the pay the penalty of adding more timing jitter into the system by cascading multiple levels of fanout in the system.
Phase Stabilization:
The LCLS Timing System has no temperature-induced phase stabilization mechanism currently employed. The phase lengths of the fibers in the system are at the mercy of environmental changes. A quick, back of the envelope calculation for a worst-case situation (2.2Km fiber run, 40 deg C temperature swing) shows that the fiber phase length could change by up to 2200ps. While most accelerator systems are not sensitive to phase drive by merit of their more liberal timing requirements, there may be future cases where this does matter. Specifically, on the experimental side of LCLS. The next question is how to implement a phase stabilization scheme. Employing a traditional interferometer setup would be one route, but the current architecture of the COTS event system components does not make it easy to incorporate any changes. Some more study into the feasibility of this is required. Another idea proposed has been to take advantage of the LBNL precision timing reference distribution system being developed for the LCLS experimental regions. This timing reference distribution system will provide a phase-stabilized reference clock with jitter stability in the femtosecond region. It may be possible to use a signal from this system to re-synchronize the Event system triggers output from an EVR. This re-synchronizer could be built as a replacement for the existing EVR Transition module and take in the ultra-stable system clock from the LBNL system and output the re-synchronized triggers to the client systems. 

B) SLC Sector 0 Timing HW:

There is a whole collection of timing HW in this location, including the Linac master oscillator and the fiducial generator. A block diagram of this system is shown below:
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Figure 2: Linac Sector 0 Timing Hardware Block Diagram
The Master Oscillator was upgraded to a lower phase-noise unit for LCLS. 
The phase shifter immediately following the MO was used to introduce a +/-720 degree phase shift onto the MDL to allow for injection into PEP-II. When running, this phase shift would obviously perturb the LCLS Master Oscillator in sector 20. The LCLS MO incorporated a sample/hold mechanism that essentially blanked the LCLS unit from ‘seeing’ this phase shift during the PEP-II timeslots. Note that the PEP-II phase shifter was controlled by a CAMAC PAU (Pulsed Amplitude Unit) module which generated a DC voltage based on different beamcodes to select the correct amount of phase shift. If PEP-X is to run, then some sort of phase shifting method will most likely be required again. One method that had been proposed by M. J. Browne before PEP-II had shut down was to remove the phase shifter from the MDL and place multiple phase shifters at pick-off points on the MDL where they are needed for injection. Presumably, we could use this concept (or something else) for PEP-X.

The phase shifter beneath the PEP-II unit is used for phase length stabilization of the MDL.
The Fiducial Generator produces a high voltage pulse that is used to amplitude-modulate a single pulse of the 476Mhz master clock signal by a factor of 2x. This box is driven by several modules in the lower left-hand section of the above diagram. The Fiducial Generator box itself is 20+ years old and consists of four stack of avalanche transistors whose individual outputs are summed together. Multiple adjustments inside the box must be made to time to pulse generation. These units have worked reliably overall for many years. The Fiducial Generator is driven by the CAMAC Master Trigger Generator (MTG) module. It combines the 360Hz pulse signal from the Sequence Generator Chassis (which creates a 360Hz pulse train from the three PG&E AC phases using saturable core reactors); and the 8.5MHz clock from the SLC countdown chassis (which is a divided-down version of the 476MHz accelerator clock) and produces a 360Hz trigger pulse synchronized to the accelerator clock. Any changes to the CAMAC control system will have repercussions with the MTG.
One of the known issues with the current timing distribution it that AM to PM conversion occurs in the system, resulting in the modulated fiducial signal becoming distorted and looking more like a PM signal. The problem is aggravated by dispersion effects in the MDL as the fiducial signal propagates further down it distorting the fiducial pulse and reducing its amplitude. The result of this is that the FIDO units, which use a tunnel diode AM detector, are not able to detect the modulated fiducial. This is further complicated by component aging, thermal and power supply drifts in the FIDO units themselves.
A proposed solution is to do some research and development into different kinds of fiducial modulation schemes (e.g. PM, QPSK, etc.) and whether it is possible and useful to encode further information onto the MDL such as digital pattern data. One consideration is whether any new upgrade should retain backwards compatibility with the old AM scheme – the general consensus is yes: a likely upgrade scenario would occur in stages, with some sectors of the machine getting new timing while other sectors retain the old system.
Sector 0 Timing Hardware Items:

The following is a list of S0 timing HW items being considered for upgrades/modifications/changes. Note that all of HW here is at least 20+ years old, with some items dating back to the original construction of the accelerator. While all of this HW has been more or less functioning reliably, some thought needs to be given to upgrades. This is for several reasons, the most obvious being that expecting the same HW to function for the next 20 years is too optimistic. Next, depending on what is done downstream (splitting LCLS from the full Linac) and how the Fiducial modulation scheme is changed, will drive what has to happen to the timing hardware in this sector.
Master Oscillator: 
This unit was upgraded to a custom Wenzel Inc. chassis in 2005 as part of the low phase-noise upgrade for LCLS. There are no further plans to change this unit for the current timing system configuration. If the LCLS is extended to the full Linac, then this unit will most likely remain in place.
Fiducial Generator: 
Currently two units designed in circa 1984 are in place. These are constructed of four stacks of avalanche transistors whose outputs are summed to provide the high-power AM pulse to the MDL. One chassis is running, the other is supposed to be a hot spare. However, when power was applied to the spare while troubleshooting a problem last summer, arcing inside the chassis was noted. This chassis was not investigated any further as the cause of the original problem was determined to be an external HVPS unit (not related to the arcing). Both chassis are different from each other to almost be considered prototypes. An upgrade of both the current AM unit as well as a new modulation scheme is being considered.

Master Trigger Generator: 
This unit syncs the 360Hz AC mains signal with the accelerator master clock and provides the synchronized trigger to the Fiducial Generator. This unit is a CAMAC module that requires some level of communication with the sector micro. There are two issues here: One if LCLS is to be completely separated from Sector 0 timing, the function of this module along with the Fiducial and Sequence generators need to be duplicated in sector 20. Two, this module and its support HW are needed for the current function of LCLS and FACET, along with any other Linac-Based accelerator programs. With only two units (one in use, one spare) in existence, it may be worthwhile to investigate a HW upgrade to this unit, both as a CAMAC replacement and/or an extension to another bus format (e.g. VME).

Sequence Generator: 
This chassis and its spare were part of the original Linac timing system dating back to the 1960s. The design is overall fairly simple involving saturable reactors and diodes to create a sequence of pulses from the 360Hz line. Some work should be done to ensure that spare components are available, that the spare unit actually functions and if there is any benefit to upgrading the chassis using more modern components and/or techniques.

SLC Countdown Chassis:

This chassis generates several divided-down clocks from the 476Mhz. It was designed with no-longer attainable ECL devices. There is one spare chassis located in the B034 first floor timing lab, its functional state is currently unknown. This chassis should also be investigated for upgrades and/or a different technique to achieve the same function. One possible idea is to move the function of this chassis into a VME module that could fit into a VME crate or function stand-alone it its own chassis. Note that other systems not listed in Figure 2 may use signals generated by this chassis. Some investigation needs to be done to understand what other clients this chassis has.

PEP-II Phase Shifter and PTG:

The PEP-II phase shifter and CAMAC PEP Trigger Generator (PTG) were used to generate timing signals to control the injection of particles into the PEP-II LER & HER. These items are no longer in use, but remain tightly coupled to the S0 timing HW. A decision needs to be made as to what should be done here (leave in place? remove?). It is anticipated that if/when PEP-X begins construction the exiting HW will be obsolete and/or no longer usable as a different injection scheme may be required.
C) Damping Ring Timing:

I have no idea of what’s involved here or who is responsible for this system – so these first two questions need to be answered. The next issue is to develop an understanding of what dependencies this system has on the larger SLC timing system.
D) FIDO chassis replacement:

Even though it was suggested that we proceed with developing a new Fiducial modulation scheme and subsequent HW development effort, this will take a while. Especially since we need to do some R&D on what the best modulation scheme is. My best estimate is that this would be a 1.5 to 2 year effort. My concern here is that our fragile set of FIDO chassis may not live another two years. Because of this, I suggest developing a functional replacement unit.

My estimate is that this would be a 3-5 month development effort. We could either develop a new drop-in board or a whole new chassis. The former would be easiest, but might require some retrofitting of the old chassis with the main issue being the power supplies. I'm thinking we may be able to build something for around $1K...$2K per board. Note again that this is an interim solution to be used with the existing fiducial generator.
E) Main Drive Line Segregation:

Another proposed idea is to split the MDL into three sections (ten sectors each), where each decade of sectors has its own master oscillator. A reference source would be located in S0 and each decade of sectors would be phase-locked to it. The reference signal could be distributed using the old Main Trigger Line (MTL). Splitting the MDL has the advantage of signal integrity in that degradation of the fiducial will be less severe and driving a shorter section of line would not require as high a power fiducial signal and master amplifier. The cons are having to implement a phase-stabilization mechanism for each separate decade of sectors and the reference source distribution as well. In addition there are unknowns such as parasitic connections to the MDL that have been made over the years and what effect any changes to the MDL will have on these.
2) Tasks / Issues / Questions:

The following is a list of items distilled from the above discussion. It serves to highlight the issues identified, call out specific tasks and identify outstanding questions and issues not yet considered. 
0) FIDO drop-in replacement development
1) Decide/Prioritize which components of the Timing System need upgrades:
a. Keep or de-couple LCLS from the rest of the Linac timing and if so, when and how?
b. Keep exiting Fiducial Modulation Scheme / Upgrade / Augment?
c. Sector 0 Items

2) Survey Sector 0 Timing Hardware to determine what’s actually out there versus what has been documented. Look at spares counts, critical items, etc.
3) Survey existing SLC timing components (FIDOs, PDUs, STB-II units) and determine if we have enough spares, critical component availability, obsolescence issues.
4) Survey Damping Ring timing – determine if there are any issues

5) LCLS Timing Upgrades
6) PEP-II Timing – do we care what happens here?

7) NLTCA Timing – currently uses SLC timing, what to do if this goes away?
8) What else?
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