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increase ���� Mean Time Between Failures: rf voltage breakdown: → beam trips 

reduce ���� Mean Time to Repair: The number and duration of (unscheduled)
               machine down times for repairs

• 

���� fault diagnostics, comprehensive data- & rf- voltage transient event logging

• 

���� protection circuitry at all levels

• 

���� Employ modern quality control management techniques at all levels

• Condition RF cavities

• DO NOT turn off beam µµµµ ≤ µ

• Use resonance tuning, pulsing and ramping procedures
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• 
���� use fault diagnostics and event logging data
���� have ready-to-operate replacement units available (spares)

���� design for fast interchangeability of units and components 
���� Employ modular design at all levels

• ≤

���� Perform preventive maintenance! (replace after a predetermined operation time) 

• 

  ���� Periodic Inspections, Testing ! 
���� Analyse each component failure: improve design if needed !  
 

����

• redesigned  electron detection pick-ups protection 
circuitry.  
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Challenge: Reduce the number of µ- sparks and non-recovering sparks: 
• 

• 

max max

• 

• 

• 
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Beam
(1.18 MW @ 2mA)
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PAUL SCHERRER INSTITUT

BlockdiagHF/01/2002/SI 

4- STAGE POWER AMPLIFIER CHAIN, EMPLOYING POWER TETRODE TUBES
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KEY AMPLIFIER DATA IS AS FOLLOWS
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Cavity voltages over a 10- day period, in 1997 at 1.5 mA beam current (before new rf-spark 
control system came into operation), and in Nov. 2001, at 1.8 mA beam operation.        

Note: Only events (interruptions) of ≥ 1 min.duration are recorded! (in both diagrams) 
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TRIGGER
from electron pick-up
probe at coupling loop

TRIGGER
from reflected

power limit detectors

RF- Drive
'OFF'

≈ µ

RF- Drive 'ON'
(full power)

> 2 events in
20 ms ?

Is Trigger still
present ?

≈

> 3 events
within 30 s ?

RF Drive 'OFF' !

MANUAL
RESET !

RF Drive 'OFF' RF Drive 'OFF'

- RF-Pulsing, until Prefl < Plimit;
- Ramp to full power within ≈ 5 s;
- Close A/ϕ-control loops

System delay: ≈3µs

≈

g2 Is Trigger still
present ?

MANUAL
RESET !

TRIGGER:
A/ϕ-Control loop Limit

≈ µ

Is Trigger still
present ?

BEAM 'OFF' !

MANUAL
RESET !
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SELF-RECOVERING SPARK ("µ-spark") IN CAVITY  

(RF power and beam stay on) 
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PULSING AND RAMPING PROCEDURE AFTER NON-RECOVERING SPARK 
IN CAVITY ('Auto-Start') 

(Beam off after ≈ 1ms; RF turn-on after only one pulse) 
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(590 MeV Ring cyclotron, Nov. 8 – 18, 2001) 

(sampling rate ≈ 1min.)

(sampling rate ≈ 1min.)

,  ("µ-sparks", non-recovering sparks, etc.)
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