


LLRF Chopper

29/07/2016 LLRF Chopper 2

Grégoire Hagmann

Status and Interlock logic



Linac4 Chopper
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Linac4 Chopper

29/07/2016 LLRF Chopper 4

Rack AY01

Rack AY01:

• Pulse amplifiers

• CDU “Chopper Drive Unit”

• BIS



Linac4 Chopper
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Rack AYLL27:

• Timing receivers/distribution

• CTU “Chopper Trigger Unit”

Rack AYLL27



Linac4 Chopper – Current status
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Not ready

Simulated timing

New (June 2016)



Linac4 Chopper – Timings

Timing distribution commissioned (~June 2016)
• LN4:CHOPPER Working set (timings)

• All timings operational

• L4X.STARTCHOPPER

• L4X.STOPCHOPPER

• L4X.SR4CHOPPER

• L4X.SR3CHOPPER

• L4X.SR2CHOPPER

• L4X.SR1CHOPPER

• L4X.TAILCLIPPER

• PSB timing simulated (Ioan Kozsar)

=>no changes on LLRF side with PSB connected
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Linac4 Chopper – CTU

“Chopper Trigger Unit”
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Linac4 Chopper – CTU

Chopper Trigger Unit commissioned (June 2016)
• LN4:CHOPPER Working set (Chopping pattern)

=> Simple chopping pattern algorithm (working set)
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Chopping pattern

Chopper timings

Obsolete timings



Linac4 Chopper – CTU

Simple chopping pattern algorithm (periodic)
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Start Chopping

Offset

Toff

Ton
Stop ChoppingToff



Linac4 Chopper – CTU

Ring Inhibit
• Dedicated fiber optic links

• 1 asynchronous interlock per PSB ring
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Ring 1 inhibit

Ring 4 inhibit

Ring 2 inhibit

(next cycle)



Linac4 Chopper – CTU

Ring Blanking (nb turns=0)
• Timing prioritization:

TailClipper → Ring 1 Start → Ring 2 Start → Ring 3 Start → Ring 4 Start
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Ring 2 blanking

Ring 1 advanced



Linac4 Chopper – CTU

Status
• Final hardware installed and commissioned (June 2016)

• Use simulated PSB timings (June 2016)

• “Ring blanking”  operational

• “Ring inhibit” ready

• Integration in working set (basics)

• Simple chopping pattern (periodic pattern)

Remaining Work
• Operational tools (status, alarms…)

• Complex chopping pattern algorithm / tool (Op interface)

• Connect dedicated interlock CTU→CDU
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Linac4 Chopper – CDU

“Chopper  Drive Unit” 
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Linac4 Chopper – CDU

Beam Interlock System (BIS)
• BEAM PERMIT commissioned in 2015 (50MeV)

• Asynchronous interlock

• Chop the beam for the entire beam pulse (Chopper on)

(Between L4X.STARTCHOPPER and L4X.STOPCHOPPER timings)

• Works only if timing is present (not fail safe)

• No impact on USER PERMIT

• USER PERMIT commissioned in 2015 (50MeV)

• ~Asynchronous interlock

• Latched → need OP action to enable operation

• No chopping!

• Triggered when the Chopper cannot operate properly

(Amplifier error, vacuum error, LLRF fault, …)
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Linac4 Chopper – CDU

Beam Permit
• BEAM PERMIT “read” only during RF pulse

(L4X.STARTCHOPPER →L4X.STOPCHOPPER)
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Linac4 Chopper – CDU
USER PERMIT
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Error description Source Implemented

RF Power interlock
(Vaccum, amplifiers state, …)

Chopper power control 

(PLC)

yes

LLRF Chopper overdrive: ON TIME & REST TIME CDU yes

Timings missing
(L4X.STARTCHOPPER, L4X.STOPCHOPPER)

CDU yes

LLRF error (CDU)
(clock, power supplies, …)

CDU Yes (partial)

LLRF not pulsing
(CDU drive)

CDU yes

Software error
(ppm init)

CDU No (CDU final version only)

Monitoring pulse error CDU No (CDU final version only)

Chopper plate out of range CDU No (CDU final version only)

Not complete list

=> Exhaustive description to be done

=> Validation procedure to be done (automatic?)



Linac4 Chopper – CDU

Status

• Prototype installed
• commissioned with BIS (2015)

• Final timings commissioned (June 2016)

• Basic operational tool

• Final Hardware available (lab)
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Linac4 Chopper – CDU

Remaining Work
• Final Hardware available to be tested (J. Simonin) → mid-August

• Install final hardware / software ( fesa 3) → end-August

→ goal is to provide same functionalities than current HW

→ BIS re-commissioning needed

• Chopper plates signal monitoring → Q4 2016

• LLRF Veto (CTU module) → Q4 2016

• Fine delay adjustment for every chopper plate

• Strategy for re-commissioning (BIS, fine delay)

• Detailed interlock logic description

• Validation procedure (beam permit, user permit) 

29/07/2016 LLRF Chopper 19



29/07/2016 LLRF Chopper 20



Linac4 Chopper – CTU

Complex chopping pattern algorithm
• Direct access to the Chopping pattern tables (FESA class property)

• Need higher level application to compute the chopping pattern 

• Resolution: 1bits = 1/352.2MHz
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Chopping pattern



Linac4 Chopper – CDU
Fine delays on every LLRF drive 
(Chopper Plates adjustment)
• Independent delay for every plate

• Independent delay for ON/OFF

• Compensate for cable length mismatches

• Compensate for electronics skew

• Compensate for power amplifier skew

• To be adjusted after
• Module exchange

• Power amplifier exchange

• Cable exchange (power or LLRF drive)

• 10ns range 

• 40ps resolution
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