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Block Diagram: Cavity RF-Stabilization
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Old Controller 1.3 GHz



Old RF Feedback Control Block Diagram



Service Unit



Low Level RF problems with the new Solid 
State Amplifiers
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Control loop Bode diagram:
•1st pole by cavity bandwidth
•Assumptions: Loop gain 80; 
2nd pole at 23 kHz by elec-

 
tronics

Higher order modes (HOMs)
at -770 kHz, -3 MHz, …

 

are 
almost NOT damped at the 
detector!
HOM phases are not stable

Instability is easily possible 
by HOMs!
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New Loop Filters for Amplitude and Phase
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Design Goals:
•Higher Order Mode rejection > 60 dB
•Minimum influence on loop response

Realization:
3rd order Bessel filter with notch at HOM1
-3 dB at 85 kHz
Loop gain of 300 possible without problems

Amplitude response

Step responseGroup delay



New RF Feedback Control Block Diagram



New Controller 1.3 GHz
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Timing Diagram for RF Pulsing

Green:

 

Pretrigger + Macropulse
Cyan:

 

Gradient in the cavity
Magenta:

 

Loop closed
Blue:

 

Control value (≙

 

RF power)



Amplitude loop block diagram for RF pulsing



Results

3 operating
 

modes: CW, pulsed
 

RF and cavity
 

/ coupler
 

conditioning

Amplitude loop gain adjustable between 33 … 330 (depends from outer gain!)
Phase loop gain adjustable between 20 … 200
Loops are stable at all loop gains

Controller noise
 

in the
 

lab at closed
 

loops
 

for
 

a gradient
 

of  10 MV:
•At output

 
„48 * Phase“

 
≈

 
8,2 mVeff

 

≙
 

0,002°
 

= 4,4 fs;  ≲
 

70 mVpp
•At output

 
„50 * Meas“

 
≈

 
5 mVeff

 

≙
 

500 V/m at 10 MV/m resp. 5*10-5; ≲
 

40 mVpp
•At cavity

 
bandwidth

 
and maximum

 
loop

 
gain

 
≈

 
26% overshoot, tr

 

≈
 

4,8 μs, but
 stable



RFref  IN: Level   +6 dBm (±1 dB) 
  S11:   -18 dB 
 
RFout:  Level   -40 dBm (-45 dBm) ... 0 dBm (+2 dBm) 
  S22:   -8 dB 
 
Pick Up IN: Level   max. 20 dBm 
  Operating Range:  +16 dBm = 20 MV/m = 4 V 
       till -24 dBm 
  S11:   -20 dB 
 
 
Coupling φ / A:    Δ A = 0,5 ... +4 V at A-Det.out → ± 5 mVss at φ-Detout 
        with A-loop off;  φ-loop on,  φ-Gain max 
 
      Δ φ = 3 Vss = 36° → A-Det.out < 5 mVss (Detection limit) 
        with φ -loop off;  A-loop on,  φ-Gain max 
 
      
 

Controller 1.3 GHz
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