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Summary

This document contains a definition for the Capture Cavity 2 (CC2) Low Level RF (LLRF) project. A CC2 test is scheduled to take place in the Meson Area in October 2005. The CC2 is a 1.3 GHz 9-cell TESLA cavity, similar to the A0 Capture Cavity 1 (CC1).

The CC2 LLRF system design is based on the proven FPGA-based, single-cavity Simcon 2.1 LLRF system from DESY. This system has been successfully used in the past for the CHECHIA horizontal test facility. The fundamental components of this system were delivered by DESY to Fermilab on March 2005, and with help of DESY staff the Simcon 2.1 system has been used twice to operate the A0 CC1. Given this experience, this design approach should represent a relatively low risk in terms of a LLRF system deliverable for a single-cavity CC2 test.

However, much work remains to be done in terms of providing all the components that are needed for a stand-alone LLRF system, and to integrate these components with the DESY DOOCS control system to provide a complete LLRF solution for a single cavity test at Meson. This document provides a brief systems description to understand what is required for a complete stand-alone LLRF system for the CC2 test. It also includes a brief components description, definition of LLRF component interfaces, remaining tasks, responsible people, and points of contact. References are provided for more detailed technical information of each component.

DESY is now working on the multiple-cavity Simcon 3.1 LLRF system, which is a higher performance system capable of controlling multiple cavities fed from a single Klystron. The first production Simcon 3.1 modules are expected to be available from DESY before the end of this year. Much of the work that we are doing with Simcon 2.1 will be transferable to Simcon 3.1. Fermilab will not require a multiple-cavity LLRF system for at least another year and a half, when the first cryomodule becomes available for testing at the HPTF facility. However, a LLRF system for a single 3.9 GHz cavity will be needed at the Meson area in six months. This document also presents a simple approach to convert the Simcon 2.1 1.3 GHz LLRF system to a 3.9 GHz system.

This document has been prepared by member of the Fermilab’s LLRF working group, and includes input from several people from Fermilab and DESY.

LLRF System

Appendix A shows a simplified block diagram of the LLRF system for CC2 based on Simcon 2.1. The following components are required:

VME Modules:

Simcon 2.1

Sparc CPU-56

SCSI Hard Disk 

8-Channel DAC8 Function Generator

8-Channel Fast ADC

Timing Module
Other Modules:

Master Oscillator (MO)

Monitor Vector Modulator and Mixer (MVMM)

Control Vector Modulator (CVM)

Fast RF switch

Solid State Amplifier

Traveling Wave Tube Amplifier (TWTA)

Stand-alone LLRF system rack

Fast Tuner

Piezoelectric Actuator

Magnetostrictive Actuator

The Master Oscillator (MO) provides sinusoidal signals at the basic frequencies that are needed to operate this system. These frequencies are: 1.300 GHz for the Local Oscillator (LO) input of two vector modulators (MVMM and CVM), and  9.02777 MHz for the Timing Module.

The Timing Module (TM) receives the 9.02777 MHz sinusoidal frequency from the MO and generates phased-locked squared signals that are needed for other LLRF modules: 1 MHz square signal for Simcon 2.1 and for the Fast ADC (FADC) data loggers, and  9.02777 MHz for the Function Generator (DAC8). In addition, the timing module generates a trigger signal to indicate the start of the beam pulse and a gate signal to indicate the duration of the beam pulse. The trigger signal is used by Simcon 2.1, and the Gate signal is used to enable the control vector modulator output.

The Intermediate Frequency (IF) input signal for Simcon 2.1 is provided by the Monitor Vector Modulator and Mixer (MVMM). This component modulates the MO 1.3 GHz LO with a square 250 KHz I/Q signal provided by the DAC8 Function Generator. This modulated signal is then mixed with the 1.3 GHz RF cavity pickup signal to downconvert it to a 250 kHz “stair-step” IF input signal for Simcon 2.1. Simcon 2.1 digitizes this IF signal at 40 MHz (provided from a PLL internal clock), and after the FPGA processing it outputs an I signal and a Q signal that are used by the Control Vector Modulator (CVM) to modulate the MO 1.300  GHz signal. Finally, the CVM output is sent to the High Level RF system to modulate the Klystron RF output.

Master Oscillator

Although the only frequencies needed for the CC2 test are 1.300 GHz and 9.02777 MHz, the master oscillator will be designed and built with future MO frequency requirements in mind. The following table specifies the MO frequencies and their use:

	Output Frequencies
	Main Function

	2600.00000 MHz *
	2nd LO for 3900 MHz cavities

	1352.00000 MHz
	Frf + LO

	1300.00000 MHz *
	Frf of Main Cavities

	325.000000 MHz *
	Proton Driver Front End Frf

	86.6666666 MHz *
	Proposed ADC CLK

	81.2500000 MHz * 
	LASER Reference

	52.0000000 MHz *
	Proposed 1st IF

	10.0000000 MHz
	Oscillator Reference VCXO 

	9.02777777 MHz
	Input to timing board

	3.00925925 MHz
	ILC Beam Rate

	1.00308642 MHz
	AO Beam Rate

	0.250771605 MHz 
	Fast ADC DAQ


* Critical phase noise < 0.2 ps  50 Hz to 50 kHz 

	Hardware Tasks
	Responsibility
	DESY Contact

	MO Design, Fabrication, and Test
	Brian Chase

Julien Branlard
	Simrock

	Software Tasks
	
	

	MO Control
	Julien Branlard
	

	
	
	

	
	
	


Status

We are presently on two paths, one is to have a complete unit built by Wenzel, the other is to build in house.  Divider modules should arrive this next week.  1352 MHz filters are 

Ordered but have a 8 week delivery schedule.  10 MHz reference oscillators are priced, and we are waiting for a 1300 MHz DRO.  Final design is waiting for testing.  The Wenzel bid for a complete MO is being handled by Penn State and we have incomplete information.  Units will be shipped to DESY upon completion and their requirements seem to be driving the current phase noise spec although this is yet undefined.

Timing Module

The timing module receives the 9.02777 MHz sinusoidal signal from the MO as Clock Input, and produces a 9.02777 MHz and a 1.00308642 MHz square wave outputs. In addition, it generates a trigger pulse and a gate pulse that are correlated with the RF pulse start and duration. This module is a Fermilab design, and DESY will provide the DOOCS driver for it.

	Hardware Tasks
	Responsibility
	DESY Contact

	Timing Module Fabrication
	Mike Kucera
	?

	Software Tasks
	
	

	DOOCS driver installation
	Ron Rechenmacher
	?

	DOOCS programming
	Luciano Picoli (?)
	

	
	
	

	
	
	


Status

(Needs information from Mike Kucera and Ron. How do we make it work in a stand-alone system?)
Simcon 2.1 Module

The Simcon 2.1 module consists of two components: a DESY-designed VME carrier board and a commercial XtremeDSP FPGA development board. Figure 1 shows an image of a complete Simcon 2.1 VME module, and Figure 2 shows the commercial XtremeDSP board component of Simcon 2.1.
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	Hardware Tasks
	Responsibility
	DESY Contact

	VME Carrier Board Fabrication, XtremeDSP board integration and test
	Gustavo Cancelo, Ken Treptow (?)
	Wojciech Giergusiewicz

	Software Tasks
	
	

	FPGA code structure, compilation
	Andrzej Makulski, Ted Zmuda
	Waldemar Koprek

	Matlab Interface
	Darryl Orris
	Alexander Brandt

	DOOCS Server Installation
	Ron Rechenmacher
	Kay Rehlich

	Other Tasks
	
	

	Operation
	?
	Alexander Brandt, Stefan Simrock


Status

A complete Simcon 2.1 module is in operation with a Matlab interface at Fermilab. The DOOCS interface has been recently completed at DESY and will be transferred to Fermilab soon. A second VME carrier board has been assembled but has to be tested. DESY will send another complete VME carrier board plus two more XtremeDSP boards based on the Virtex 2 FPGA. This XtremeDPS Virtex 2 board is no longer available from the manufacturer. Instead, the manufacturer is producting a new XtremeDSP Virtex 4 board. According to DESY, the XtremeDSP Virtex 4 board is compatible with the VME carrier board (a recompile of the FPGA source code will be required for the new Virtex 4 target).  DESY will transmit electronic files to Fermilab to fabricate 10 additional VME carrier boards, and Fermilab will purchase 10 XtremeDSP Virtex 4 boards. Fermilab will keep 3 of these completed Simcon 2.1 boards, ship 3 to DESY, and 4 to Warsaw.

The FPGA source code consists of more than 10,000 lines of VHDL code. Its structure is being analyzed and the mechanics of compiling and downloading the source code to the target FPGA is in progress.

References

T. Schilcher, “Vector Sum Control of Pulsed Accelerating Fields in Lorentz Force Detuned Superconducting Cavities,” TESLA 98-20

T. Czarski, W. Koprek, K. Pozniak, R. Somaniuk, “CHECHIA cavity driving with FPGA controller,” TESLA Report 2005-12

W. Koprek, “SIMCON ver. 2.1 Installation and Configuration Procedures – USER’S MANUAL”

K. Pozniak, T. Czarski, W. Koprek, R. Romaniuk, “SC Cavity SIMCON version 2.1 rev 1, 02.2005 USER’S MANUAL,” TESLA Report 2005-02

W. Koprek, P. Kaleta, J. Szewinki, K. Pozniak, R. Romaniuk, “Software Layer for SIMCON ver. 1.1 FPGA-based TESLA Cavity Control System – USER’S MANUAL,” Tesla Report 2005-05

P. Pucyk, W. Koprek, P. Kaleta, J. Szewinski, K. Pozniak, T. Czarski, R. Romaniuk, “DOOCS Environment for FPGA-based cavity control system and control algorithms development,” TESLA Report 2005-13

DAC8 Function Generator Module

The DAC8 Function Generator module is an 8-channel VME function generator module designed and fabricated by DESY. It is needed to generate the square I/Q waveform for the monitor vector modulator and mixer module (MVMM). 


	Software Tasks
	Responsibility
	DESY Contact

	DOOCS Server
	Ron Rechenmacher
	Valeri Ayvazyan

	Board Programming
	Greg Deuerling (?)
	Valeri Ayvazyan, Alexander Brandt

	
	
	

	
	
	

	
	
	


Status

Fermilab has received two DAC8 modules from DESY. There is a DOOCS server available for this module that has not been received yet. It is not clear yet if the board also needs some firmware to be downloaded. We also need to learn how to program the board to generate additional signals (e.g., piezo actuator drive signal).

Sparc CPU-56 module

This is a VME CPU board running Solaris. It controls Simcon 2.1 in two ways: from a Matlab interface, and from a DOOCS server interface. It runs the DOOCS control system. For a stand-alone system, it requires a SCSI hard disk to boot.

	Software Task
	Responsibility
	DESY Contact

	System Administration
	Ron Rechenmacher
	

	DOOCS System
	Ron Rechenmacher
	Kay Rehlich

	Matlab interface
	Darryl Orris
	

	Procurement
	Dennis Nicklaus
	

	
	
	


Status

Fermilab has received one Sparc CPU-56 module and associated VME SCSI hard disk module from DESY. This CPU has been integrated with the Fermi computing network. A Matlab network license has been installed and is operating with the Simcon 2.1 module. DOOCS has been installed and is operating.

Two more Sparc CPU-56 modules are being shipped from DESY. Fermilab is procuring TBD additional Sparc CPU-56 modules and VME crates with a delivery time of TBD.

Fast ADC Module

The fast ADC module is an 8-channel VME data acquisition module designed and fabricated by DESY. It is needed to provide monitoring of LLRF control functions. It has a trigger input and a clock input.

	Hardware Tasks
	Responsibility
	DESY Contact

	
	
	?

	Software Tasks
	
	

	DOOCS driver installation
	Ron Rechenmacher
	?

	DOOCS programming
	Luciano Picoli (?)
	?

	
	
	

	
	
	


Status

Fermilab has received one fast ADC module, and in May 2005 the module was operated at A0 with its DOOCS driver. We still need to understand the functionality of this module and associated functions.

Vector Modulators and Mixers

There are two vector modulators that are needed for the Simcon 2.1-based LLRF system: one to modulate the LO of 1.3 GHz with Simcon 2.1 I/Q signals for the Klystron amplitude and phase control, and another to modulate the LO of 1.3 GHz with a square I/Q 250 kHz waveforms provided by the DAC8 function generator. This signal is then mixed with the cavity RF pickup signal to generate a “stair-step” 250 kHz signal which is the Simcon 2.1 IF input.

	Hardware Tasks
	Responsibility
	DESY Contact

	Design, Fabrication, and Test
	Roger Nehring, Dan Watson
	?


Status

Two vector modulators based on Analog Devices evaluation board have been fabricated and are in the testing phase. The design of these vector modulators is similar to the ones used at A0 for the March and May tests, which is limited in terms of I/Q frequencies range (up to ~ 1 MHz), LO frequency range (< 2 GHz) and performance.

A second set of vector modulators are being designed and fabricated. These modulators are intended to cover a much wider range of frequencies for the I/Q and LO signals (up to 100 MHz for I/Q and up to 4 GHz for LO). This wider range is needed for the eventual upgrade to Simcon 3.1 and for testing a 3.9 GHz cavity. In addition, the new vector modulators will have better performance because of components choice and layout design. To provide a more compact solution, the new vector modulators also include an RF mixer and an RF switch inside the 1U 19-inch box. Appendix B shows the electronic design of this vector modulator.

Fast RF Switch

This is a NIM-based module that quickly shutdowns the RF signal to the Klystron in case of an interlock problem. It receives a normally high permit from the Klystron interlock system (need more details)

	Hardware Tasks
	Responsibility
	Contact

	Fabrication (?)
	?
	?


Status

Need to find out if spares are available. If not, need to build additional modules.

Solid State Amplifier

This component amplifies the modulated RF signal from the Vector Modulator to a level acceptable for the Traveling Wave Tube Amplifier (TWTA) input.

	Hardware Tasks
	Responsibility
	Contact

	Procurement (?)
	?
	?


Status

Needs more information.

Traveling Wave Tube Amplifier (TWTA)

This component amplifies the modulated RF signal from the solid state amplifier output to a level acceptable for the Klystron input.

	Hardware Tasks
	Responsibility
	Contact

	Procurement (?)
	John Reid (?)
	?


Status

Needs more information.

Stand-alone LLRF System Rack

All components of the CC2 LLRF System will be assembled in a stand-alone rack in Industrial Building 1 (IB1) and fully tested and documented prior to delivery to the Meson Area.

	Hardware Tasks
	Responsibility
	Contact

	Assemble and Document Rack
	Fred Lewis
	?

	Test
	?
	?


Status

Has not started yet.

Piezoelectric Actuator

A Piezoelectric actuator is needed to provide Lorentz force detuning compensation. This actuator is a component of the CC2 mechanical tuner, and will be installed following the DESY design. Figure 3 shows an image of two piezoelectric actuators installed in the CC2 mechanical tuner.

[image: image7.png]Fast Tuner Specifications
Actuator:

Stroke': 15 pm against a 1500 N load with a
stiffness of 3 N/um

Resolution: better than 4 nm

Slew rate: 0 to full stroke in 960 ps

Physical Dimensions: 50mm x 22mm x 62mm
Operating Temp: <18 K

Force: 1500 N

Bandwidth: 250 Hz

Heat Load to 2.1 K: - 0.1W

Operating Pressure: 1x 10° Torr to 1 atm
Lifetime: > 10° cycles

Inductance: ~ 12mH




Figure 3: CC2 Piezoelectric tuners

	Hardware Tasks
	Responsibility
	DESY Contact

	Frame and parts machining
	Mike McGeee
	?

	Mechanical integration, diagnostics instrumentation, readout system, power amplifier
	Yuriy Pischalnikov
	

	
	
	

	Software Tasks
	
	

	DOOCS server installation
	Ron Rechenmacher
	Przemek Sekalski

	DOOCS/DAC8 programming
	?
	Przemek Sekalski

	
	
	

	Other Tasks
	
	

	Control Algorithms
	Ruben Carcagno, Darryl Orris
	Lutz Lilje, Przemek Sekalski

	
	
	


Status

Three piezoelectric actuators from PI Ceramics and three from Physiks Instruments have been purchased and received. The DESY frame did not perform during the last test at DESY. Excessive pulling forces are thought to be responsible for the piezos loosing their preload. There is some uncertainty about the design, and this issue is being investigated by Mike McGee before machining the necessary parts.

Two power amplifiers from piezosytem Jena are available.

The DOOCS server installation and DAC8 programming has not started, and control algorithms for Lorentz force detuning compensation need to be developed at Fermilab.

Magnetostrictive Actuator

An alternative to the piezoelectric actuator is the magnetostrictive actuator. Fermilab purchased one of these actuactors from Energen, with a design that is intended to replace the DESY piezoelectric frame. Figure 4 shows a picture of this actuator.
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Figure 4: Magnetostrictive Fast Actuator

	Hardware Tasks
	Responsibility
	DESY Contact

	Frame and parts machining
	Mike McGeee
	?

	Mechanical integration, diagnostics instrumentation, readout system, power amplifier
	Yuriy Pischalnikov
	

	Software Tasks
	
	

	DOOCS server installation
	Ron Rechenmacher
	Przemek Sekalski

	DOOCS/DAC8 programming
	?
	Przemek Sekalski

	
	
	

	Other Tasks
	
	

	Control Algorithms
	Ruben Carcagno, Darryl Orris
	Lutz Lilje, Przemek Sekalski


Status

One Magnetostrictive actuator and associated electronics has been purchased from Energen but not received yet. 

Conversion to 3.9 GHz

Need more details
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APPENDIX B: Vector Modulator and Mixer Design





APPENDIX A: CC2 LLRF Block Diagram





Figure 2: XtremeDSP FPGA Virtex 2 board





Figure 1: Simcon 2.1 Carrier Board with XtremeDSP Board installed
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