Low Level RF feedback loop
design




Main variables

¢ the Instantaneous phase deviation of the
bunch from the synchronous phase.

OR the variations of the beam radius
o, the RF frequency
om, the variations of the beam frequency

¢, the phase of the beam with respect to the
RF
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Transfer functions

B scaling factor, B¢(S)=5¢ =
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Phase and radial system
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Phase and radial oop

RF fragquency varations

Bphi = 1

u - phaze deviation of the bunch
WCo Cavity phase # from the synchronous phase
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Discrete representation, pole placement

Add an integral action - [ Adis o]
_Csdiscr 1

Ky Kr Kin)

@

Set of gains

Feedback: U= —(K¢¢ +KgrR- Kintz)




Pol e placement

Poles of a 3rd order Bessdl filter
Non overshooting behaviour
200 Hz (20 ms)
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Feedback structure

Cascaded implementation plus antiwindup
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Closed |oop response

1 mm step

Phase and radial loop resp
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Synchronization

Beam rigidly phase with its reference
Do~ Dret = Pet

Phase reference can be incremented at each
clock cycle

Output of the phase detector: sawtooth
corresponding to the freg difference
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Synchronization

Force the output of the phase detector to a ct
value during acceleration using an offset

(Moving reference)




Synchronization

Moving reference

Offset

has to be
N equal to zero l?rror
ofF at extraction signal

Source
b /ﬂ
gDMR - qpr‘cff
| '
Error time

(orej‘

Error: ditt between an extrapolated rt phase and the
ref. Allowsthe closing of the synchron
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State space mode
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L oop gains

After going to discrete, set of gains:

U = —(K%(Db + waCUb + K¢¢ - Kintj((aref _¢b))
Using pole placement
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Synchronization loop response
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Closed |oop behaviour
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