SNS LLRF System

1) SNS LLRF System will be a VME64x based digital LLRF feedback/feed forward  system:

· A self contained reliable and flexible LLRF control system requiring a minimum of user intervention for stable operation.

· Independent LLRF control of each cavity.

· Implements turn by turn phase and amplitude (I/Q) feedback loops to maintain a properly bunched beam with a clean extraction gap.

· Implements turn by turn feed forward correction for beam current.

· Implements dynamic cavity tuning to compensate for beam loading.

· Implements cycle to cycle adaptive techniques so that systems learns its response under dynamic conditions.  Make system robust against uncertainties in various parameters.

· Provides HLRF cavity drive, tuning and timing signals.

· Provides fault protection for HLRF system hardware.

· Provides master timing reference for  SNS beam synchronous timing system.

· Maintains extraction timing synchronization with neutron choppers to reduce extraction uncertainty to beam sync clock carrier period.

· Provides cycle by cycle diagnostic data at both system expert level and user level.

· Interfaces with SNS distributed control system.

2) SNS LLRF System Custom VME Cards:

A) Cavity Control Module (VME):
The Cavity Control Module is the central component of the LLRF Control System. The board will host several 32 bit floating point DSPs and/or FPGAs, SRAM/SDRAM and FLASH memory.  It will have front panel and/or VME P2 connections for high speed I/O between DSPs and external modules, on board high speed inter-processor I/O, A32/D64 bit local bus for high speed DSP to DSP and DSP to local memory I/O, VME interface, and a JTAG emulation port for development and debugging.

The DSPs/FPGAs on this module will implement:

- Turn by turn cavity phase and amplitude feedback loops to maintain a properly bunched beam with a clean extraction gap.

- Turn by turn cavity feed forward correction for beam current.

- Dynamic cavity tuning to compensate for beam loading.

- Cycle to cycle adaptive techniques so that system learns its response under dynamic conditions.  Make system robust against uncertainties in various parameters.

B) LLRF Carrier Card (VME):  The LLRF Carrier Card is a generic carrier card which can be populated with up to four different daughter cards depending on the application.   Each host site has access to common timing and control signals as well as the VME bus and P2 connections.  In the current LLRF design, the carrier card will be populated with any of three daughter cards:  the Wideband A/D – Digital Receiver Card, the DDS I/Q Modulator Card and the Wideband D/A Card.

C) Wideband A/D – Digital Receiver Card (Carrier Daughter Card):   The Wideband A/D Card will comprise an analog anti-aliasing filter, an A/D converter and a high density FPGA.  The A/D card provides up to 40MSPS, 14 bit A/D conversion and serves two main purposes within the SNS LLRF control system.  Its' primary function is to provide the interface between the analog signals from the ring RF systems and the digital LLRF control system.  These signals include cavity gap voltages, PA grid and anode voltages, WCM bunch signal, and radial BPM signals.  Its' secondary function is to provide as needed preprocessing of  digitized data (via FPGA or digital receiver) prior to transfer to the LLRF Cavity Control Module.

D) DDS I/Q Modulator Card (Carrier Daughter Card):  The DDS I/Q Modulator Card will comprise a high density FPGA, a high speed DDS Quadrature Modulator and analog anti-aliasing filter.  The DDS I/Q Modulator provides the interface between the digital LLRF control system and the cavity RF drive chain.  It receives I/Q data from the Cavity Control Module and uses it to produce a modulated cavity LLRF drive signal.  In addition, the card will also be used to generate the other various LLRF system clocks, e.g. frev, 80 frev, 32 frev, with the ability for all clocks to synchronize on trigger.

E) Wideband D/A Card (Carrier Daughter Card):  The Wideband D/A Card will comprise a high density FPGA, a D/A converter and analog anti-aliasing filter.  The D/A Card provides the analog reference signals for the cavity main tuning power supply and the cavity magnitude circuit (i.e. the gap volt command signal).

F) Timing Distribution Card (VME/NIM):  The Timing Distribution Card is a straight forward 2x, 1 input : 4 output card used to distribute commonly used timing signals, triggers, etc.  Input and Output levels are configurable.

F) Timing Sync Card (VME/NIM):  The Timing Sync Card is a 4 channel trigger re-syncing (qualifying) card.  Each channel comprises an asynchronous trigger input, a synchronizing trigger/clock input, and synchronized trigger output.   The synchronized trigger output is the asynchronous trigger qualified by the synchronizing trigger/clock input.

G) Inhibit Card (VME):  The Inhibit Card is a flexible FPGA based card providing a generic digital I/O capability.  It serves to accept inhibit signals from various LLRF modules, process them and generate inhibit sum signals for the protection of HLRF equipment.  It will also provide the interface to the MPS.

3) The SNS LLRF System development effort will require Controls Gorup support.

SNS Controls will not have to do any LLRF hardware or LLRF firmware development.  All custom LLRF hardware (DSP boards, RF synthesizers, high speed ADC, etc.) and firmware (DSP code, FPGA code) development will be done by LLRF personnel.  Controls support in this area would be limited to control system interface issues, EPICS and VxWorks support.

Controls efforts would be concentrated in the following areas:

A) Application Development

1) Function Editor:  Provides user a graphical interface for defining RF functions and downloads function tables to RF hardware.  The Function Editor is defined in Appendix I, "SNS Ring RF Function Editor GUI Specification".

2) Measurement System:  Generic graphical display of evolution (history) of various LLRF system parameters, e.g. loop errors, gap volts, beam RF current, etc..  The number of available parameters is to be determined.  The Measurement System Application is defined in Appendix II, "SNS Ring RF Measurement System GUI Specification".

B) Parameter Passing

LLRF parameters (e.g. loop gains, trigger times, etc.) will be passed to/from the LLRF hardware via whatever user interface is standard for SNS.

At appropriate times in the cycle, an IOC will be permitted to master the local bus on the Cavity DSP Board or other LLRF VME boards in order to transfer parameters.  The number of parameters is TBD, but will probably be around 50 per cavity (200) plus another 200 or so others.  How these will be divided between other custom LLRF boards and standard control boards (e.g. V124 parameters) is TBD.  Custom LLRF boards will typically interface to VME via memory mapped registers and buffers, and will also support VME interrupt capability.

C) IOC Maintenance

Controls will maintain the IOCs in the  LLRF VME crates.

D) Ethernet, Event Link, RTDL, etc.

Controls will provide the physical means for the LLRF system to receive all standard broadcast data, i.e. the physical connections to Ethernet, Event Link, RTDL, etc.

E) Standard Controls Hardware

Controls will supply the LLRF system with standard hardware, e.g IOCs, V108, V123, along with the standard user interfaces to this hardware.

Current requirements are as follows:


VME64x  crates w/ IOC:

4


V108 Utility Modules:

4


V124s Beam Sync Timing Module:
12


Beam Permit Modules:

2


Digital I/O:



2
(How many channels per?)


VME GPIB Cards:


2

F) Remote Scope Operation

There will be at least one 4 channel digital scope (LeCroy) located in the LLRF control racks.  This scope can be used both locally and remotely via GPIB.  There  are some current Labview applications that will need to be ported over.  These include the standard "Turn by Turn" and "Mountain Range" display programs currently used at RHIC/AGS/Booster running on SUN workstations.

4) Schedule:
	Item
	Prototype
	First Article
	Final Revision

	Cavity DSP Board
	05/01/02
	12/01/02
	09/01/03

	LLRF Carrier Card
	06/01/02
	12/01/02
	06/01/03

	Wideband A/D – Digital Receiver Card 
	08/01/02
	03/01/03
	09/01/03

	DDS I/Q Modulator Card
	08/01/02
	03/01/03
	09/01/03

	Inhibit Card
	01/01/03
	06/01/03
	12/01/03

	
	
	
	


Prototype:  First prototype board ready for testing and evaluation.  Used for proof of principle of hardware and board firmware design.  Also used for initial testing of board interface to controls system.  May require some low level control system development for basic I/O and configuration, but no high level applications.

First Article:   First fully functional version of design, integrating design modifications based on performance of prototype.  Used for detailed functional testing of design, and system integration testing where applicable.  Will require low level control system software refinement, and skeletal version of any associated high level application.

Final Revision:    Final board design for production and complete system integration.  Requires final board firmware, low and high level system software to be complete.

Appendix I, "SNS Ring RF Function Editor GUI Specification"

I) Intro:  User of the SNS Ring RF System will require a convenient and easy to use means of defining the Ring RF Gap Voltage and Phase functions as well as RF timing parameters for a given machine cycle.  The information below attempts to describe the functionality required for this GUI.

 II) Crude Example Display:

III) Requirements:

A) The Gap Voltage and Phase functions are developed as functions of turn number (n) relative to Text = turn zero.  The user should be able to draw a function graphically, or enter function as a table defining fixed points with linear, quadratic or cubic interpolation between points.  Software will translate the voltage and phase function into an (I,Q) table to be downloaded to the Cavity DSP Board.

B) The GUI should obtain knowledge of various cycle parameters thru some sort of "Get Live" pushbutton function.  This would include at least the relative times of Text, Tinj, Cycle Start etc..  The GUI will set up the default axes so that the X-axis is in turns spanning (Tinj – 2000, Text + 1000) or something similar.  The Y-axis is a dual axis with one scale for voltage (0 to 20kV) and another for phase (-180 deg to +180 deg).

C) The GUI should allow entry of various RF trigger times (e.g. Cavity_IQ_Loop.ST) via a table scheme.  The GUI should place markers for the various triggers on the X-axis for operator reference.  Perhaps allow user to select other events for display?

D) The GUI should have time saving features like the ability to copy a function for one cavity to another.  It should also have Save/Load/Archive functionality.

E) Users should have access to independent windows for editing functions for each cavity.  But, there should also be a capability to display and edit functions from more than one cavity in a common window in a overlay scheme.  There will also be "RF Measurement System" data available (defined elsewhere) and it would be helpful to have a capability to overlay this data onto the function plots as well for tuning and diagnostic purposes.  It would also be good to have other data overlay capability, like beam current stacking program, etc..

F) It should be possible to toggle a display format from Voltage/Phase to I/Q.

G) Need an easy and sensible way to scale a defined function from 0% to 100%.

H) Some parameters should be displayed in a prominent table for quick reference, among them:  Cavity I.D., harmonic number, max voltage, default phase.

Appendix II, "SNS Ring RF Measurement System GUI Specification"
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