Resonance Control Engineering Specification
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1	Purpose
This document specifies the engineering requirements for the SRF Cavity Resonance Control System and chassis
2	Scope
Specifications for the LCLS-II SRF 1.3 GHz Cryomodule SRF Cavity Resonance Control Chassis are covered. They are based on the physics and functional requirements described in the SCRF 1.3 GHz Cryomodule Physics Requirement Document [1], the LCLS-II Cryomodule Functional Requirements Document [2], the Cryomodule SRF Cavity Tuner engineering specification document [3], and the Performance and Functional Requirements for the LCLS-II Low Level RF System [4].
3	Definitions
	Term
	Definition

	SRF
	Superconducting radiofrequency

	Tuner Package
	SRF Cavity Tuner system, featuring slow and fast tuning

	CW
	Continuous-wave



4	References
	LCLSII-4.1-PR-0146-R0
	Physics Requirements Document, SCRF 1.3 GHz Cryomodule

	LCLSII-4.5-FR-0053-R0
	Functional Requirements Specification, 1.3 GHz Superconducting RF Cryomodule

	LCLSII-4.5-ES-0385-R0
	Cryomodule SRF Cavity Tuner Engineering Specification Document

	LCLSII-2.7-FR-0371-R0
	Performance and Functional Requirements for the LCLS-II Low Level RF System




5	Responsibilities	
	Person(s) or Areas Responsible
	Define Responsibility

	LCLS-II  
	

	LCLS-II  
	

	LCLS-II  
	

	LCLS-II  
	



6	Resonance Control Chassis Overview
As described in the SCRF 1.3 GHz Cryomodule Physics Requirement Document, each SRF cavity will have an electromechanical tuner.  Course tuning is accomplished using a stepper motor while fine control and control requiring fast response is accomplished using two Piezo actuators that are mechanically in series with the stepper motor.  The Resonance Control Chassis (RCC) is capable of managing four SRF cavities including the four stepper motors and 8 piezo stacks.  The main components are: (1) four channel Stepper Motor Driver, (4) two channel Piezo Amplifiers and one FPGA based controller card. 
7	Stepper Motor Driver 
As described in the SCRF 1.3 GHz Cryomodule Physics Requirement Document, each SRF cavity will have an electromechanical tuner.  Course tuning is accomplished using a stepper motor.  This specification defines the technical design and fabrication requirements for the stepper motor driver and control.
7.1	Stepper Motor Control Board
The stepper motor control board drives the stepper motor based on the commands issued to it from the RF Station. The driver should have the features of selecting the driver current, hold current, current cut back in idle mode, selectable steps/step, inhibit mode etc.
7.2	Stepper Motor Driver
The chosen stepper motor Driver shall have enough current driving power (2.5 A per phase) to handle the specific stepper motor VSS 52.200.2.5-4LP-5M-UHVC (Manufacturer: Phytron).
Stepper motor driver shall have the following resolutions for driving the motor. 256 steps/step and 200 full steps for one revolution.
7.3	Limit Switches
The stepper card shall also read the status of limit switches. These limit switches will prevent the stepper driver to drive the motor any farther than the physical limits set on the tuner, thus preventing any damage that may be caused to the cavity.
7.4	Stepper Motor Thermocouple
The stepper motor thermocouple will be monitored and interlocked by the interlock chassis. 
7.5     Cryogenic Event
In the case that the cryogenic system begins to warm up the cavities must be parked in a safe location. The stepper motor and control electronics must be able to move the cavity in this event or a power outage. In this case the motor needs to be driven to the limit switch that will be setup close to the position where the cavity will be in “relaxed” position.
7.6	Stepper Motor Electronics
The design of the electronics will be such that the tuner can be operated with and without holding current.
Table 6.0: I/O table
	Signal
	Type/Connector
	Direction

	SPI Motor Driver 1
	CMOS/TTL (FMC)
	IN and OUT

	SPI Motor Driver 2
	CMOS/TTL (FMC)
	IN and OUT

	SPI Motor Driver 3
	CMOS/TTL(FMC)
	IN and OUT

	SPI Motor Driver 4
	CMOS/TTL (FMC)
	IN and OUT

	Step Motor 1
	CMOS/TTL (FMC)
	IN

	Direction Motor 1
	CMOS/TTL (FMC)
	IN

	Step Motor 2
	CMOS/TTL (FMC)
	IN

	Direction Motor 2
	CMOS/TTL (FMC)
	IN

	Step Motor 3
	CMOS/TTL (FMC)
	IN

	Direction Motor 3
	CMOS/TTL (FMC)
	IN

	Step Motor 4
	CMOS/TTL (FMC)
	IN

	Direction Motor 4
	CMOS/TTL (FMC)
	IN

	Limit signals (x8)
	CMOS/TTL (FMC)
	OUT

	High Freq Limit Cav 1
	+24 V/ 0 V (TBD)
	IN

	Low Freq Limit Cav 1
	+24 V/ 0 V(TBD)
	IN

	
	
	

	High Freq Limit Cav 2
	+24 V/ 0 V (TBD)
	IN

	Low Freq Limit Cav 2
	+24 V/ 0 V (TBD)
	IN

	High Freq Limit Cav 3
	+24 V / 0 V (TBD)
	IN

	Low Freq Limit Cav 3
	+24 V/ 0 V (TBD)
	IN

	High Freq Limit Cav 4
	+24 V/ 0 V (TBD)
	IN

	Low Freq Limit Cav 4
	+24 V/ 0 V (TBD)
	IN

	Sine and Cosine for Motor 1
	Current(TBD)
	OUT

	Sine and Cosine for Motor 2
	Current (TBD)
	OUT

	Sine and Cosine for Motor 3
	Current (TBD)
	OUT

	Sine and Cosine for Motor 4
	Current (TBD)
	OUT





8	Piezo Driver Amplifier Module Overview
8.1  The Piezo Driver amplifier is part of the Resonance Control system within the Low Level RF system. The Piezo based resonance control section complements the wide tuning range of the stepper motor with a wide bandwidth, low noise actuator that by nature has a much narrower tuning range.  The amplifier is driven by a control loop and is capable of providing the ~100 Volt differential potential across the Piezo stack and the current to provide the required large signal bandwidth while maintaining fidelity and noise performance similar to professional audio systems. There are many design considerations and details itemized in the next section. 
The amplifier card is comprised of two independent amplifier chains that in normal operation are driven by low noise 18 bit DACs over SPI ports from the FPGA board.  The DAC signals are input into the PDu150, three channel, ultra low noise Piezo drive amplifier.  Auxiliary front panel inputs may replace the DAC signals on plug insertion and are available for transfer function measurements.  The amplifiers differential output stage will produce a maximum differential voltage of 100V with a max of +-50V to ground.  The current of each leg and the differential output voltage is monitored by 16 bit ADCs and read back to the FPGA board over SPI.  Front panel monitors of the voltage are also provided. Front panel output monitors allow for  system transfer function and noise measurements with traditional rack and stack equipment. 
8.2 Design goals and motivations
• Low noise drive to avoid excitation of high Q mechanical modes
• Current limiting to avoid mechanical damage or generate additional cryo heat load.
• Differential drive to reduce ground noise excitation of the PZT and to reduce voltage to ground.
• Isolators on all digital signals to reduce ground loops and provide input isolation
• Two amplifiers per cavity to provide redundancy in case of amplifier or transducer failure.
• Local DSP implemented in chassis, requiring only the tuning error from the LLRF system.
• Close coupling of Piezo and stepper motor drive controllers.
• Output enable and over current protection
• Electrical safety
-	Max 50V to ground
-	Isolated connectors
• Ruggedness and high reliability

8.3 The basic LLRF unit supports four cavities and amplifiers.  Each cavity tuner has two Piezo actuators, leading to a requirement of eight Piezo drive amplifiers placed in a 2U rack chassis.  

8.4 Electrical Safety- In order to reduce the voltage to ground present in the system, the drive to the Piezo will be differential with a +-50V range.  A differential drive will also greatly reduce the effect of ground bounce in the accelerator and EMI both transmitted and received by cabling.  The module will be closed so that there is no exposure to shock hazards.  Output connectors(1.5) will not have exposed contacts.  LOTO procedures will be followed for any connect/disconnect of cables.

8.5 Signal I/O – The main communication path for both input and monitoring will be fiber optic as defined by the controller unit that will be the Piezo amplifier interface.  Input channel signals will be at least 18 bit digital words with a targeted 44kHz frames/second that will drive local DACs. The voltage and current of each drive leg will be monitored at the same frame rate.  Monitoring each leg will identify any short or open circuits in the system.  Amplifier status and board temperature will also be monitored.  Differential signal ¼” TRS connector drive (+-2V full scale) with 10kOhm input impedance and -20dB monitor signals will be provided on the front panel for easy field and bench diagnostics.  LED indicators for SYSTEM OK and channels active.
8.6 Small signal and power bandwidth.  Without experience with the actual cavity tuner design, optimal bandwidth requirement cannot be determined.  >10kHz small signal BW will add acceptable phase shift over the expected control frequencies.  5 V swings will be enough for transfer function measurements over the 1kHz Hz range. There is concern about putting to much power into the Piezo causing it to overheat and self destruct.  A integrated power or current limit circuit will reduce this possibility.

8.7 Transfer function – Under consideration is the design of a AC coupled voltage driven current source with a DC coupled bandwidth limited voltage controlled voltage source.  It has been shown that a current source driven system does not exhibit the hysteresis that a voltage source does and will improve linearity in the control loop.  The crossover frequency between voltage and current control needs to be determined.

8.8 Noise levels – It is possible for broadband noise from the controller and amplifier to excite mechanical modes in the cavity.  For this reason the SNR for the amplifier > 115 dB (0.1 Hz to 1 kHz) with most attention placed near the cavity resonant frequencies.

9	Resonance Chassis
This Chassis is designed to control the stepper motors and PZTs which are both part of the cavity tuner assembly.  The Resonance chassis is made up of three components, the firmware digital signal processor section which resides in the FPGA board, the four piezo amplifier cards, one for each cavity, and the four channel stepper motor driver. Figure 1 shows a conceptual lay out of the chassis. 
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Figure 1: A conceptual chassis layout showing the four amplifier boards

9.1	Chassis Power
The power supply shall be external to the chassis although this is still under consideration. Voltage requirements to the chassis are +15 16 V (minimum of 10 Amps), +16 V and +6 V. Power will be fused internally. See the LLRF power supply chapter of this ESD for complete voltage, current and regulation specifications. 
9.2	Command and Control
Command and control with the chassis will be exercised through a generic FPGA board that communicates with an EPICS IOC. See FPGA engineering specification chapter.  A Gb fiber will connect the chassis to each RF Station such that the resonance information is provided for each cavity.
9.3	Rear Connectors
Power connector will be an MS style. 
Stepper connector (2) will be 25 pin D-sub. This will cover the stepper driver and the limit switches. 
The piezo output connectors will be Neutrik speakON, one per cavity.
Fiber connectors will be commercial Gb.
9.4	Front Panel
The front panel will have power status LED. Status and the FPGA and EPICS interface. All LEDS and the chassis front panel will be labeled.
Piezo aux input and drive monitors are ¼” TRS jacks.
9.5	 Chassis Dimensions and Description
Chassis size should be no more than 3U and 20” deep. Solid top, bottom and side panels. Front and rear panel grills with filter on the front.
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