LCLS RF Control Specifications

RF Requirements

The LCLS RF control system needs to maintain RF Phase and amplitude to better than 0.1 degree and 0.1%.  The adjustments for the system should be on the order of 0.03 degrees (0.5mRadians) and 0.03% (.0003).  There will be 10 RF stations which will require this control.
IQ Modulator

The LCLS RF system will use an IQ modulator to control phase and amplitude.  The modulator mixers will be run at +13dBm, or about +17dBm into the modulator.  The IQ inputs of the modulator will be in the linear region.  

DAC Bits

A DAC step size of 0.00025 full scale is adequate for the RF adjustments.  This is suggests a 13bit device, 12bits + 1bit for sign.  A minimum of a 14 bit DAC should be used to achieve this resolution. 
DAC Bandwidth (Digitizer rate)
Bandwidths of some of the RF devices:

X-band Klystron 100MHz

X-Band Structure 40MHz

X-Band Structure Transfer function to Beam 10MHz

S-Band Klystron 10MHz

S-Band Structure 16MHz

S-Band Structure Transfer function to Beam 1.2MHz

The DAC analog output bandwidth should be about 50MHz to allow fast switching of the SLED cavity, Pulse shaping for the RF Gun, and short settling times.  
The X-Band station has the shortest pulse width, 100nS.  A 59.5MHz digitizer allows adjustment every 16.8nS, this is about 17% of the pulse width.  There will be only 6 data points on the RF pulse.  

A settling time to 1% of about 10nS is desirable. 
The analog bandwidth may need to be reduced to reduce noise levels.

Memory Depth
The RF modulators have pulse widths of about 5uS.  At 119MHz, this would take 600 samples.

The calibration routine requires 2k samples in a sine wave and sets the memory depth.
Functionality
The modulator will have the following functionality:
Communication to be done over Ethernet.

Load two 2k sample waveforms.


May want to load a subset of the waveform, 1k, 512b, or 256b


and zero the rest of the waveform.

Adjust Offset in the waveform (may be done in analog portion or in DAC)

Adjust Gain in the waveform (may be done in analog portion or in DAC)

(Offset and Gain adjustment factors are determined by calibration)

Adjust vector amplitude by given amount in each point of the two waveforms

Adjust vector phase by given amount in each point of the two waveforms

On a trigger scan through the waveforms.

Send status

Send waveforms

Remote programming of module.  Remote programming of FPGA is negotiable.

Test mode:


To be entered with local switch, not over Ethernet connection?



Determine and set gains and offsets?

  A.
Load sine and cosine single cycle in the two 2k sample buffers

Continuously clock out the buffer in a circular manner

  B.
Load 180 deg shifted sine and cosine single cycle in the two 2k sample buffers


Continuously clock out the buffer in a circular manner

Control Board Signals
Temperature Monitors
There will be three temperature monitors:

1. Solid State Sub-Booster Amplifier 


(External Chassis - 30ºC to 50ºC 0.25 ºC resolution)
2. IQ Modulator 

(Internal to chassis on RF board 30ºC to 40ºC 0.05 ºC resolution) 
3. Control Board 

(On board temperature reading 30ºC to 50ºC 0.25 ºC resolution)
Temperature variations of 0.05º C in item 2 above are enough to cause phase changes in the RF system which are at the limit of LCLS specifications.  0.025ºC  resolution would be great!
Connectors negotiable

Triggers / Clock
A 119MHz clock sine wave will be made available to the board.  You have option of signal level and number of inputs.

The control board will receive a NIM level trigger.  This trigger will start a programmable width from 2048/119MHz, 17.2uS long, to 4096/119MHz, 34uS long, TTL gate pulse to the SSSB.  
An identical second TTL gate output will be routed to the chassis front panel for diagnostics.
A programmable delay in the unit will allow the adjustment of the start time of the DAC waveform.
All input and output triggers and the clock will be on 50ohm SMA connectors.  
SSSB Temperature Interlock Monitor
The SSSB has an output of 12V during an alarm condition, 0V during normal operation.  This value will be read in and made available to the control system.

Connector negotiable

SSSB Analog Voltage Monitor
There are two analog voltages from the SSSB chassis, a forward power monitor and a reflected power monitor.  The reading range from 0 to ?V. Slow 10bit ADC is good enough.
The SSSB has two power supplies, +12V @ 11A and -12V @ 0.5A.  Slow 10bit ADC is good enough.
Connector negotiable
RF Board Voltage Monitors
The RF Board will likely have a +15V power supply. Slow 10bit ADC good enough.
Connector negotiable

IQ DAC Outputs

IQ DAC outputs will be -20mA to +20mA full scale into 50ohms on SMA connectors.  Integrated Noise levels to 10MHz should be kept below 20uV rms in a 50ohm system.
There will be a buffered monitor port for I and Q channels on SMA connectors to route to the front panel for diagnostics.  Voltage output.  The level is not so important.
Control Board Power Supply Monitors

The control board will have the ability to monitor it's own power supplies.

RF Control Board Specifications

A block diagram of the RF control board is shown below.
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The following are notes which may be more confusing than useful as I have not gone through them in a while.
The Ethernet port will receive two 512 16bit waveforms.  The 2kB of data need to be transferred in less than 1mS.  This requires a minimum of 100 Base T Ethernet.

MCF5282 Microcontroller

The unit will use a Freescale MCF5282 microcontroller.  The NetBurner Module has been chosen because of its built in Ethernet Connector and the experienced gained by use in power supply controllers.  The 5282 will read data from the Ethernet port.  The first byte received will be a command byte.  The listing of commands is as follows:
Cmd
Function


Data

1
Load array


2k bytes

2
Request Status


0 bytes

3
Add correction to array
4 bytes

4
Set I offset


2 bytes

5
Set I gain


2 bytes

6
Set Q offset


2 bytes

7
Set Q gain


2 bytes

8
Test Mode


0 bytes
9
Operate Mode


0 bytes

10
Request Arrays

0 bytes

11
Program FPGA

lots

The 5282 will have two operations to send data, Status and Array.

The I and Q arrays will be sent upon a "Request Array" command, 2 kBytes of data.

The status will be sent upon a "Request Status" command.  The status information is as follows:

Byte
Value

0,1
Mode, Trigger Status

2,3
I offset

4,5
I gain

6,7
Q offset

8,9
Q gain

10,11
Power supply voltage

FPGA
The Altera Cyclone FPGA was chosen for the amount of memory and the 144 pin TQFP package.  The FPGA will be connected to the I/O port of the 5282.  The 5282 will write the I and Q arrays into the 36 bit wide FPGA memory.  The I value will load into the 18MSB and Q into the 18LSB of 36 bit wide memory.  The two highest bits and bits 16 and 17 are not used.  A separate I/O bit from the 5282 will initialize the load condition and interleaved I and Q data from the processor will then load into the FPGA memory as it is received over the I/O port.
The FPGA will be clocked with the 119MHz timing reference.  A separate trigger line will start the FPGA sequentially reading memory and writing the data to the dual DAC.  After the 512 samples are written the memory will be reset and the DAC continued to be clocked with data from memory location 0 until the next trigger.  

The trigger will initiate an interrupt on the 5282 so it can keep time with reference to the trigger.  This time will be used to avoid collisions in reading and writing the FPGA memory.
The FPGA will be programmed by the 5282 ???? port.

DAC
The Maxim MAX5875 dual DAC was chosen for it 16bit 119MHz capability and low power consumption.  At these data rates LVCMOS was chosen over LVDS to minimize the amount of traces.  

Drivers

The AD8099 was chosen for low noise to drive the mixers.

Matching and MIXERS

The output of the Drivers will go through a matching networking to drive the mixers.

Monitors

To buffers will be used to monitor the I and Q signals externally.  The clock and trigger signals will also connect to monitor ports.

Noise Levels
The noise levels at the output of the DAC will be less than 20uV rms in a 10MHz Bandwidth.

