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 The puzzle components inside the box 

summarize the compact concept of the 

system. The main components are: the RF 

generator, turn-on system, protections, 

microcontroller and display unit. The RF 

output, the RF pick-up, the RS422 bus and the 

interlock line are the external connections of 

the box. 

The system is a sort of smart RF synthesizer including important and 

essential components of a radio frequency low level control system. 

For this reason we have called it the ‘Low Level RF Box’ (LLRF-Box). 

On its own it represents half of a typical RF control system. The 

addition of the stabilization loops (amplitude, phase and tuning) and 

the control interlock complete the low level RF system. The figure on 

the right shows the application test carried out with one RF cavity of 

the k-800 superconducting cyclotron at Infn-Lns. 

The LLRF-Box system sets frequency, amplitude and initial phase of 
the RF output. The turn-on operation modes can be set in 
automatic, manual and one-shot. The shape of the trapezoidal 
envelope signal can be modified in terms of step size, step duration 
and ramp slope. The pulse mode can be set in case of cavity 
conditioning. This digital upgraded version of the previous RF control 
system allows more freedom in setting and checking the protections 
and turn-on parameters.  

 
Main characteristics: 
 
• Frequency 0 – 120 MHz 
• Stability 5 ppb 
• Resolution 1 μHz 
• Spectral purity  
   -160 dBc/Hz @ 10 kHz 
• Max amplitude -5 dBm 
• Step-ramp-pulse  setting 
•Protections  (VSWR,                 
sparks, multipactoring) 
 

The output RF signals of the LLRF-Box and the Control Panel 

ECPM 2012, May 9-12,  PSI-Switzerland 

low pass filter 

pick-up 
 cavity 

forward 

reflected 

V threshold 

DAC   AD7564 

12 bit 

low pass filter 

low pass filter 

       spark 
multipactoring 

reflected 

Rf on 

Rf off 

 μController 
dsPIC30F4013 

Rf  power  
detector 

50 MHz 
 Clock Reference 

Direct Digital Synthesizer 
AD9854 

120 MHz low pass filter 

RF Out  

  TTL/ RS422 
    converter 
                    

Rf on Rf off 

 
 

12 bit 
analog to digital 

converter 

 
 

SPI Serial bus 

RS422 
alarm interlock 

Rf  power  
detector 

Rf  power  
detector 

ZX47-40LN-S+ 
Mini Circuits 

directional  
coupler 

Auto/manual 

Step Gain Final Gain 

The pick-up cavity RF signals 

courtesy of  
L.Piazza 


