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RF system components
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Test system at Daresbury
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Initial testing

• 4616 connected directly into test 

load and set up to known 50 Ohm, 

then connected to input of main 

116 amplifier

• When running into 116 high 

reflected power issues 

immediately, looked to be 

reflecting 50 % of power

• However match of 116 input 

changes with heating, RF drive 

level, HT applied and cathode 

modulator switching on, after 

playing with the system tuning 

match got much better (20%

reflected power)
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RF and power supply testing June

• System pushed to 600kW
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RF and power supply last week !

• 116 amplifier produces 1MW !

– No trips, arcs, x-rays or microwave leakage at this power level



Drive, efficiency, gain

Consistent results from all 

measurements – system is 

performing correctly

Adjusting all taps to see effect on 

parameters



Further 116 testing

• Old ISIS 116 tube showing gain of 10 which is to be 

expected, should be useful up to 1.2 MW?

• Will test again and push current old 4616 & 116 to 

the point were gain drops off, indicating the limit of 

the tubes. 

• Switch 4616 & 116 to new MICE tubes and push to 

2MW 

• So far the amplifier system seams very well behaved 

at up to 31kV and 1MW, however a long way to go 

yet ! Quietly confident ….
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Coax design

• Hybrid power splitters to divide power before each cavity with a rejection 

load, this should provide a robust reliable system 

• Local phase shifters in each coax to adjust cavity coupler and for change in 

energy, small range available only,  so need to plan coax system carefully 

to get phase lengths within range at the cavity input couplers

• From 140 – 240MeV/C phase of cavities will alter by 16 degrees, LLRF 

drive and coax phase shifters used to enable this

• Power monitoring in each section of coax will be linked in to RF control 

system so that issues can be flagged before faults occur

• Nitrogen gas pressure system with the coax for voltage stand off and 

interlock, SF6 will be needed to operate cavities above 1MW

• Plan to have the ability to connect test loads in place of cavity to test 

amplifier/coax system in its complete configuration
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Predicted hall layout for RF components
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Small 16 degree phase shifters

circulator



Cavity phasing to 

beam



Layout optimisation

• Try to get as much of the complex RF devices out 

from under the floor so that floor does not need to be 

lifted if there is a problem

• Still need space around amplifiers to work on them, 

smaller loads will help here, now shown on layouts 

• Small trombone phase shifters behind shield wall 

freed up a lot of space, will be motorised

• move feeds to cavity couplers as close as possible to 

under the required port
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Phase shifters

Loads on hybrids

Phase lengths of coax’s 

matched



Layout further work

• Current CAD models of coax will have a design review

• Write specification based on design review results for coax 

system to be purchased

• Entire coax system should be competitively tendered for –

MRI funds in USA
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Low Level RF control 
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• At Daresbury low level rf (LLRF) 
system has been developed to 
stabilise cavity amplitude and phase 
to better than 0.5 %

– Tested on copper and 
superconducting cavities

• The LLRF4 board (developed by 
Larry Doolittle at LBNL) is used as 
the basis for the design.

• Front end program is a state machine 
connected to an EPICS server

• Amplifier system forward and 
reflected power signals could be 
monitored through a National 
Instruments DAQ system, easy to 
program for alarms 

• EPICS compatible



Controls

• RF powers supplies use Siemens S7 PLC’s for 

control – compatible with EPICS

• State machine approach is used as a baseline for all 

systems at DL

– No formal high level design of controls for RF done yet, 

however we understand the global approach to control 

system for MICE
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Conclusion

• 116 amplifier has produced 1MW using old tubes, 

very stable and conclusive results from all 

measurements – see no big issues to get to 2MW now

• Amplifier to cavity components are understood, 

however may need to make compromises for the real 

world

• Coax design is complete, but will take advice from 

review and amend – ready to procure

• Options for LLRF control 


